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Abstract

Even after the demonstration of extraordinary solar-to-hydrogen (STH)
conversion efficiencies based on III-V semiconductors, the high cost and stability
greatly impede their practical implementation in solar-driven water splitting
applications. Here, we present a unique strategy for III-V based photoelectrodes that
functionally and spatially decouples the light harvesting from the surface protection
and electrocatalyst sides by employing a wafer-scale epitaxial lift-off and transfer
method that eliminates the parasitic light absorption, reduces the cost by half, and
enhances the stability, without any compromise in the efficiency. Precisely, inversely
grown InGaP/GaAs light absorbing layers are lifted-off from the lattice matched
GaAs substrate and transferred onto the robust catalyst carrier film to form a
monolithically integrated photoelectrochemical (PEC) cell. The resultant
photoanode exhibited an STH efficiency of 14.4% with long-term stability over 150
hours, with no signs of degradation. With the liberty to access both sides of the
device, a first fully-integrated III-V based truly wireless ‘artificial leaf,” with the
record STH efficiency of 6.0% is achieved. The enhanced PEC efficiency and
long-term stability of photoanode are mainly attributed to the light
harvesting-catalysis decoupled scheme which concurrently improved the optical,

electrical, surface protection and electrocatalytic properties.
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