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Figure 2 | Schematic representation detailing the non-steady-state upconversion mechanisms. Proposed upconversion mechanisms for blue emission
generated from a Nd™-Yb™-Tm™" triply-doped system under 808 nm cw. laser excitation (top) and green/red emissions from a Yb**-Ho™*-Ce®* triply-
doped system under 980 nm pulsed laser excitation (bottom). When exposed to the 808 nm c.w. laser, Nd** dopants first absorb the excitation energy and
then transfer it to Yb™". Subsequently, the ‘G4 state of Tm*" is populated by sequential energy transfer from the excited Yb®" ions, resulting in blue emission
at 470 nm. In the case of 980 nm pulsed laser excitation, Yb™" ions serve as sensitizers to absorb 980 nm photons, followed by non-radiative energy transfer
and activator emission from Ho®". The green emission at 541 nm is achieved by populating the °F4,°S, states of Ho™ through a two-step energy transfer
process (Yb** — Ho™). It should be noted that under short-pulsed exdtation the red emission at 646 nm from Ho™" cannot be directly activated by Yb*",
which is attributed to the delayed deactivation of the excitation energy from the °lg state of Ho™ to its lower °I, state. By comparison, long-pulsed excitation
promotes the population of the °F; state of Ho™* through a three-step energy transfer process by continued pumping of the excited Ho™ ion from its °l;
state. Notably, the population of the excitation energy at the °I; state is facilitated by a Ce**-mediated cross-relaxation process.
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Difference in band structure
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3.2 Photovoltaic effect

®\Voltage and current through a junction when
exposed to light(specific wavelength)
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3.3 Electric Field Effect(EFE)

* Similar to photons, an electric field can
modulate transport characteristics

* Induced electric charge on interface adjusts
the carrier density
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Graphene FET (GFET)

Fermi energy
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4 Our work
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Photovoltaic effect

Sample on test board Device structure
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