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Abstract: This study was carried out to realize an active optical cable integrated with Si-LSIs, 

proposed by the optical integrated circuit of a high refractive index waveguide and an ultra-high 

speed Si photodetector, utilizing a waveguide grating coupler in the 0.8 m wavelength range. 

Firstly, the high refractive index (n ~2.0) and a low propagation loss (< 1 dB/cm) tantalum 

pentoxide (Ta2O5) waveguide with a cross section of 400 nm x 10 m was realized by a chemical 

solution deposition followed by a CF4 reactive ion dry etching. Secondly, a Ta2O5 waveguide 

grating coupler was calculated to achieve a bottom direction coupling efficiency > 60%, with a 

grating length of 15 m, at a grating period of 530 nm, a duty ratio of 0.5 and an etching depth 

ratio > 0.9 with a thickness of 400 nm. Finally, lateral Si-PIN photodetectors fabricated on an SOI 

substrate by the CMOS compatible process were designed with a finger width of 1.00 m, a finger 

spacing of 1.63 m, a square detector area of 20 × 20 m
2
, and a pad size of 30 × 30 m

2
. A 

bandwidth of 13.6 GHz was obtained at a bias voltage of 10 V at 850 nm wavelength. 

 

Nowadays, everyone around the world can enjoy themselves by sharing amount of 

transmitted data, thanks to the large-volume optical fiber transmissions have been 

widespread in the long-haul communication systems since 1980s. Recently, given a 

dramatically increasing of the data traffic, at a compound annual growth rate of 40% or 

even more, in the short-distance communications such as rack-to-rack, board-to-board 

and chip-to-chip, the optical communications have also been introduced gradually 

instead of traditional electrical communications, namely, optical interconnections.  

Especially, given an integrated circuit of a large-volume optical interface to a 

high-performance electrical LSI processing is proposed to lead a generational 

communication system. In order to enable a cost-effective implementation of this 

optical short-distance connections, a complementary metal-oxide-semiconductor 

(CMOS) compatible process is an useful, low-cost approach for a monolithic integration 

of available, complex, and high-speed optical circuits, combining with general 850 nm 

transmitters and platform Si photodetectors to form an optoelectronic integrated circuit 

(OEIC) on a Si substrate.                                                   

This study was carried out to realize an active optical cable (AOC) integrated with 

Si-LSIs, proposed by an optical integrated circuit of a low-loss high-refractive-index 

tantalum pentoxide (Ta2O5) waveguide and an ultra-high speed Si-PIN photodetector 

(Si-PIN PD), utilizing a directional waveguide grating coupler in the 0.8 m wavelength 

range. Firstly, the high-refractive-index (n ~2.0) and low propagation loss (< 1 dB/cm) 

Ta2O5 waveguide with a cross section of 400 nm x 10 m was fabricated by a chemical 

solution deposition followed by a CF4 reactive ion dry etching. Secondly, the directional 

waveguide grating coupler was calculated by using finite element method (FEM) to 



 

 

achieve a bottom directional coupling efficiency > 60% with a grating length of 15 m, 

at a grating period of 530 nm, a duty ratio of 0.5, and an etching depth ratio > 0.9 with a 

thickness of 400 nm. Finally, the lateral Si-PIN PDs fabricated on an 

silicon-on-insulator (SOI) substrate (absorber layer thickness of 210 nm) in the CMOS 

compatible process were designed and implemented with a finger width of 1.00 m, a 

finger spacing of 1.63 m, a square detector area of 20 × 20 m
2
, and a pad size of 30 × 

30 m
2
. A bandwidth of 13.6 GHz was obtained at a bias voltage of 10 V at 850 nm 

wavelength.   

In a word, these technologies can be expected to realize an OEIC on Si-LSIs in the 0.8 

m wavelength range as a cost-effective implementation. 




