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Abstract:  Novel computational techniques such as photonics inverse design, along with new nanofabrication 
approaches, play a crucial role in building scalable integrated photonics. While initial inverse design 
demonstrations focused on individual small footprint devices, recent developments enable rapid optimization of 
large 3-dimensional structures, with linear dimensions over 100 microns, and fully compatible with foundry 
fabrication. We illustrate this with recent demonstrations of powerful integrated photonic systems for applications 
such as optical interconnects. To enable all necessary functionalities, future photonic systems also require 
integration of traditional and non-traditional photonic materials, including silicon, silicon-carbide, diamond, 
sapphire, and strong electro-optic materials such as lithium niobate, strontium titanate, and barium titanate. We 
show that compact and efficient lasers, isolators, electro-optic modulators, and detectors can all be integrated on 
silicon compatible platform. We also show that a broadly tunable Ti:sapphire laser, the workhorse of optics 
laboratories, can be miniaturized into sub-cubic centimeter volume together with its pump, and without any loss 
of performance. Finally, we will discuss how silicon carbide and diamond can be employed to build scalable 
quantum technologies. 
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