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We present a novel approach to high-resolution optical data storage
based on upconversion charging (UCC) in persistent phosphors. Using

Gds Gas O: 2 :Cr* as a model system, we demonstrate that

UCC—characterized by a nonlinear, two-step  ionization
mechanism—enables rapid and precise data writing. With exposure times
as short as 0.01 seconds per bit using a compact laser engraver with
visible diode lasers, this method offers a compelling combination of speed,
energy efficiency, and portability. Beyond high-resolution writing, the
system supports stable, long-term data retention and reliable rewritability.
We further validate the broad applicability of this storage strategy across
multiple host materials, utilizing both thermal and optical stimulation for
readout. These findings position UCC-enabled phosphors as a promising
platform for next-generation optical storage technologies.
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