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Abstract 
Nature offers structural solutions to various optimization problems. For example, an optimal, low-
shedding water transport at various scales is achieved with quasi-fractal structures, shown to be close 
to optimal. In a series of projects, metallic network analogs of some of these solutions to make high-
efficiency transparent conductors are studied. Specifically, transparent conductors are developed by 
directly metalizing leaf venations, spider webs, and other organic fibers. Also, the natural process of 
self-cracking, similar to that occurring in the mud of dried-out riverbeds, is employed to develop 
masks for metallic network fabrications. These comprehensive studies and developments contributed 
to, and in some cases initiated new directions in the field of network transparent conductors. These 
structures offer performance exceeding those of conventional oxide-based films, while providing a 
possibility of reduced processing expense. Finally, a roll-to-roll pilot production line has been 
developed for producing the transparent conductive film on flexible plastic substrates with width of ~ 
400 mm, also the real applications have been conducted based on perovskite solar cells, display, 
smart window, etc. 
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