	NNT 2023 Invited Talk
[bookmark: _Hlk143183951]30 Years Path to Subwavelength Optical Elements Development, Application, and Fabrication

Stephen Y. Chou
Department of Electrical and Computer Engineering
Princeton University, Princeton, NJ 08540

Eighty years ago, transistors revolutionized electronics, replacing bulky vacuum tubes and enabling entire electronic circuits to be built monolithically and cost-effectively in ultra-thin material layers. This revolution was possible due to two main technological breakthroughs: (i) the entirely new working principle of the transistor, and (ii) the advent of innovative fabrication technologies for integrated circuits.
Today, a parallel revolution is occurring in optics. The aim is to replace bulky free-space optical elements/systems with elements/systems that can be built in ultra-thin material layers.  To achieve this, it requires new optical device working principles and new fabrication technologies. One such new device principle is the “subwavelength optical elements (SOEs)” that have a device feature size smaller than the wavelength of light, operate on a principle different from those of bulk optics and diffractive optics, and can be built monolithically in an ultra-thin layer of material. One such new fabrication technology is nanoimprint lithography, which offers sub-nanometer resolution over larger areas (e.g. wallpaper size) at a low cost and high throughput -- unmatched by other nanofabrication methods.
Three decades ago, the author and his team began exploring new subwavelength optical elements [1-5] and originated nanoimprint lithography [5, 6]. The talk will highlight their work in three areas: (1) the development of a variety of SOEs, including polarizers (metallic and non-metallic), waveplates, filters, beam splitters, lenses, etc., (2) the creation of  new optical systems that integrate novel SOEs with active optical elements to form light emitters (laser, LEDs, solar cells) as well as optical clocks with unique properties, and (3) advancements in nanoimprint technology for manufacturing SOEs, particularly, new low-cost, direct-writing-free, nanoimprint mold fabrication methods for creating SOEs over large areas.
1)	S. Y. Chou and W. Y. Deng, “Subwavelength Amorphous Silicon Transmission Gratings and Applications in Polarizers and Waveplates,” Appl. Phys. Lett., 67 (6), 742 (1995).
2)	S. J. Schablitsky, L. Zhuang, R. C. Shi, and S. Y. Chou, “Controlling Polarization of Vertical-Cavity Surface-Emitting Lasers Using Amorphous Silicon Subwavelength Transmission Gratings,” Appl. Phys. Lett., 69 (1), 7-9 (1996).
3)	E. Chen and S. Y. Chou, “Wavelength Detector Using a Pair of Metal-Semiconductor-Metal Photodetectors with Subwavelength Finger Spacings,” Electronics Letters, (32) 16, 1510 (1996). 
4)	L. Zhuang, S. J. Schablitsky, R. C. Shi, and S. Y. Chou, “Fabrication and Performance of Amorphous Silicon Subwavelength Transmission Gratings for Controlling VCSEL Polarization,” J. Vac. Sci. and Tech., B 14 (6), 4055 (1996).
5) 	S. Y. Chou, Invited, “Subwavelength optical elements and nanoimprint technology for optical system on chip”. 2007 Digest of the IEEE/LEOS Summer Topical Meetings, DOI: 10.1109/IEEECONF11854.2007
6)	S. Y. Chou, P. R. Krauss, and P. J. Renstrom, “Imprint of Sub-25 nm Vias and Trenches in Polymers,” Appl. Phys. Lett., 67 (21), 3114 (1995).
