
 

 

 

Summary 

 

Optical waveguides fabricated by two-photon absorbtion pave the way to energy 

efficient data transfer and photonic integration 

 

Super computing is reaching out to ExaFLOP processing speeds, creating fundamental 

challenges for the way that computing systems are designed and built. One governing topic is 

the reduction of power used for operating the system, and eliminating the excess heat 

generated from the system. Current thinking sees optical interconnects on most interconnect 

levels to be a feasible solution to many of the challenges, although there are still limitations to 

the technical solutions, in particular with regard to manufacturability. 
[1]

 

Scientists are investigating many different approaches for the implementation of optical 

interconnects on different integration levels such as on-chip, chip-to-chip or board-to-board 

optical coupling. However, many of the concepts are not suitable for volume manufacturing 

as they are to difficult to implement into the well established manufacturing chain, and add 

complexity to the existing manufacturing process. Fabrication of optical waveguides using 

UV-lithography involves typically more than 20 individual process steps to form the core and 

the cladding of the waveguide.  

Connecting the optical components to the waveguides remains another issue that requires 

solutions regarding precision alignment in the order of a few micrometers. While these 

processes exist they are time-consuming; in some cases active alignment is preferred to 

minimize the insertion loss of the interconnection. 

To overcome these challenges, Fraunhofer ISC has developed a more sustainable and 

convenient process for optical waveguide fabrication: By focusing femtosecond laser pulses 

into a layer of an inorganic-organic hybrid polymer (ORMOCER
®
) the polymerization 

reaction in the focal volume leads to a boost of the refractive index triggered by two-photon 

absorption. Thus, a contrast in refractive index is introduced to the ORMOCER
®
 and a 

waveguide is formed in a single material, which acts as waveguide core and cladding. The 

alignment of the waveguide with the optical component is done in-situ, in conjunction with 

the waveguide writing process.  

This new process considerably simplifies the fabrication of optical interconnects compared to 

conventional UV lithography, and both environmental and energy saving benefits can be 

generated: the number of process steps is considerably lower (3 vs. >20) Time-consuming 

assembly steps are no longer required. In addition, data transmission using optical 

interconnects drastically reduces the power consumption per bit. Thus the demonstrated 

process is highly sustainable approach with impact on the entire value chain and in the 

application.  
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