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ABSTRACT 

High-efficiency, broadband, wafer-size, and ultra-thin lenses are highly demanded, due to its great potential in abundant 
applications such as compact imaging modules. It is usually conceived that this target might be attainable given the 
advancement in nanofabrication, computation power and emerging algorithms, though challenging. Here, we reveal the 
inconvenient truth that for ultra-thin lenses, there actually exists intrinsic check-and-balance between size, broadband 
and performance. Unveiled by our inverse design algorithm, Relative-Phase Simulated Annealing (RPSA), focusing 
efficiency inevitably drops with refining wavelength intervals for better achromatic broadband features in optimized lens; 
and drops exponentially with increasing diameter and bandwidth, supported by our empirical formula. Meanwhile, with a 
slightly compromised goal, the powerfulness of RPSA is unlocked since it could provide a globally optimized design recipe 
whose time complexity relates to lens scale linearly rather than exponentially. This work, as a fast search engine for 
optimal solutions, paves the way towards practical large-scale achromatic ultra-thin lenses. 
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