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Fig. 1. (Color online) Illustration of the free-standing nanomembrane
cathode. a, Schematic of the nanomembrane cathode under the
dectogtatic force showing mechanical deflection under different
voltages. b, schematic of the nanomembrane configuration, consisting
of tri-layer made of Al/Si;Ny/Al.
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Fig. 2. (Color online) Load-deflection relationship of the nanomembrane
under uniform load. Maximum (red circles) and averaged (blue
squares) displacement for the nanomembrane as a function of voltage
applied between the nanomembrane and anode. Theratio of averaged
and maximum displacement of 0.48 was calculated using the shape
function.
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Fig. 3. (Color online) Field emission current from the deformed
nanomembrane. Measured field emission current | vs. voltage between
the nanomembrane and the gate. Inset shows Fowler-Nordheim
representation of field emission current (red dots) and is fitted
according to the modified Fowler-Nordheim equation (blue line).
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Fig. 4. Mechanical vibration of the free-standing nanomembrnae. The
mechanical vibration of the nanomembrane excited by ion
bombardment trandate into corresponding oscillations in the field
emission current.
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Fiddd Emission from Free-standing Nanomembrane For High Energy lon Detection
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We describe modified Fowler-Nordheim (FN) field emission equation for the free-standing nanomembrane cathode, which has
mechanical degrees of freedom. The derived FN equation agrees well with the experimentd data. The free-standing nanomambrane
cathode demongtrates its unique ability to detect large biomolecure ions.
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