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What is claimed is: 

 

1.  An optical modulator semiconductor device comprising: 

an optical waveguide; 

a p-type region of semiconductor material disposed within said optical waveguide, said p-

type region having a p-type contact terminal; 

an n-type region of semiconductor material disposed within said optical waveguide, said n-

type region having an n-type contact terminal; 

an N and P implantation overlap region within said optical waveguide; 

wherein said n-type region and said p-type region share a non-planar junction interface in 

the N and P implantation overlap region as viewed in a cross section taken perpendicular 

to a light propagation direction in said optical waveguide; and 

wherein said non-planar junction interface is configured to enhance an overlap between an 

optical mode in said optical waveguide and said non-planar junction when said optical 

modulator semiconductor device is operational. 

 

2. The optical modulator semiconductor device of claim 1 wherein said n-type region and said 

p-type region are designed to increase a length of the non-planar junction interface as viewed in said 

cross section. 

 

3.  The optical modulator semiconductor device of claim 1, wherein said non-planar junction 

interface comprises a curved surface having a convex side and a concave side. 

 

4.  The optical modulator semiconductor device of claim 3, wherein said curved surface 

resembles the English letter "U". 

 

5. The optical modulator semiconductor device of claim 3, wherein said curved surface 

resembles the English letter “C”. 

 

6.  The optical modulator semiconductor device of claim 3, wherein said curved surface 

resembles the English letter “S”. 
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7.  The optical modulator semiconductor device of claim 3, wherein said p-type region is on 

said concave side of said non-planar junction interface and said n-type region is on said convex side 

of said non-planar junction interface. 

 

8. The optical modulator semiconductor device of claim 3, wherein said n-type region is on 

said concave side of said non-planar junction interface and said p-type region is on said convex side 

of said non-planar junction interface. 

 

9. The optical modulator semiconductor device of any of claims 1 to 8, wherein said 

semiconductor is silicon. 

 

10. The optical modulator semiconductor device of any of claims 1 to 9, wherein said p-type 

region is doped with boron. 

 

11. The optical modular semiconductor device of any of claims 1 to 10, wherein said n-type 

region is doped with phosphorous. 

 

12. The optical modulator semiconductor device of any of claims 1 to 10, wherein said n-type 

region is doped with arsenic. 

 

13. The optical modulator semiconductor device of any of claims 1 to 12 wherein a middle 

part of the optical waveguide, as viewed in the cross section taken perpendicular to the light 

propagation direction in said optical waveguide, is p-type in the N and P implantation overlap 

region, and top and bottom parts of the optical waveguide, as viewed in said cross-section, are n-

type in the N and P implantation overlap region. 

14.  The optical modulator semiconductor device of any of claims 1 to 12 including a substrate 

upon which the optical waveguide is disposed, wherein the N and P implantation overlap region 

comprises two PN junctions disposed at different depths one over the other as seen in a vertical 

direction that is perpendicular to the substrate. 
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