




























































 

Figure 7(a): Contour plot of the Laplace Equation Solution for the CPW electrodes 

structure 

 

Figure 7 (b): Contour plot of the Laplace Equation Solution for the ACPS electrodes 

structure 
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Figure 7 (c): Contour plot of the Laplace Equation Solution for the CPS electrodes 

structure 
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(a) 

  

(b) 

Figure 8: Electric Field (a) Ex  and (b) Ey  of the CPW electrode from the first 1 µm of 

LiNbO3 just beneath the SiO2  buffer layer. 
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(a) 

 

(b) 

Figure 9: Electric Field (a)Ex  and (b)Ey  of ACPS electrode from the first 1 µm of LiNbO3 

just beneath the SiO2  buffer layer. 
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(a) 

  

(b) 

Figure 10: Electric Field a)Ex  and b)Ey  of CPS electrode from the first 1 µm of LiNbO3 

just beneath the SiO2  buffer layer. 
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Ref. No Structu

re 

w(µm) g(µm

) 

t(µm) tb(µm

) 

Published FDTWEA 

      nm Z(Ω) nm Z(Ω) 

Chung[5] CPW 20 5 3 0.6-

0.85 

2.7 27 2.867-

2.703 

27- 

27.3 

 CPW 48 10 3 0.6-

0.85 

3.3 24.5 3.358-

3.224 

24.13-

214 

Korotky[ 22] ACPS 15 5 4 0 - ~35 3.661 29.83 

  15 5 0 0 - - 4.226 3315 

Chuang[16] ACPS 10 10 1.5 0.1 - 45(Cal) 

47.1(TD

R) 

49.8(NA) 

3.781 427 

Table 1: FDTWEA’s calculation compare with the published results 

 Z as a function of tb (FDTWEA Vs Spectral Domain Analysis)

40

45

50

55

60

65

70

75

80

0 0.2 0.4 0.6 0.8 1 1.2 1.4

Thickness of SiO2 Buffer Layer, tb (µm)

C
ha

ra
ct

er
is

tic
 Im

pe
da

nc
e,

 Z
 (

)

Kawano et al
FDTWEA : t=4 micron
FDTWEA : t=0 micron

FDTWEA (t=4µm)

Kawano et al

FDTWEA (t=0µm)

 

Figure 11(a): Impedance calculation of FDTWEA compared to that of the Spectral Domain 

Analysis 
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Figure 11 (b): Calculation of nm by FDTWEA compared to that of Spectral Domain analysis 

Microwave Effective Index, nm Against Electrode Thickness (Finite Element and FDTWEA)
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Figure 12: FDTWEA’s calculation of nm compares with the Finite Element Method. 
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Variation of Overlap Integral, Γ with the relative position of optical mode, p
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Figure 13: Variation of Γ as the peak position of the optical mode shift from one end of the 

hot electrode to another for increasingly wider optical mode 
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Figure 14: Variation of Γ as the peak position of the optical mode shift from one end of the 

hot electrode to another for increasingly deeper optical mode 
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Optimisation of Optical Waveguide Position
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Figure 15 : Consideration of waveguide position for wider electrodes 
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Figure 16 : Variation of Γ as the peak position of the optical mode shift from one end of the 

hot electrode to another for increasing wider optical mode for electrode with no buffer 

layer, tb=0 
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Overlap Integral As a Function of SiO2 Buffer Layer Thickness, tb
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Figure 17: Γ as a function of the thickness of SiO2 buffer, tb
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z-cut L iN b O 3 substrate  

Figure 18: Schematic view of proposed phase velocity matching Mach-Zehnder optical 

Modulator[11-12]
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Variation of Z and nm with Overlaid Layer Thickness, D For Shielded CPW
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Figure 19 : Calculated microwave effective index, nm, characteristic impedance, Z as 

functions of overlaid layer thickness, D. 
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Figure 20: Wall Angle of Thick Electrodes 
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Figure 21: The potential profile of the trapezoidal shape electrode. 
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Figure 21: FDTWEA simulations of wall angle dependence on nm. 
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Effect of Thick Electrode Wall Angle On Z 
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Figure 22: FDTWEA simulations of wall angle dependence 
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