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Abstract

In this study, we present a simple, highly
controllable, and scaleable method to produce
nanogaps by palladium  hydrogenation.
Experimental results and theoretical analysis are
conducted to investigate field emission
properties of the surface conduction electron
emission (SCE) emitters, in terms of the I-V
curve ~ field emission efficiency and field



emission stability.

Finite element analysis was use to study
the stress distribution in the SCE structure with
the Pt/Ti contact pad of various thicknesses so
that an SCE structure with a minimized gap
width could be obtained. Among the SCE
emitters under study, the optimal SCE structure,
which was with a Pt/Ti contact pad thickness of
20 nm and had a Pd nanogap width of 18 nm,
had the Dbest field emission performance in
terms of the field emission current and turn-on
voltage. For comparison, a focused ion beam
(FIB) was used to prepare a single nanogap in a
conventional SCE emitter which had smooth
gap edges. Compared with the conventional
SCE emitter, the hydrogenated SCE emitter
demonstrated a much higher emission efficiency
(~4%).

We also performed selective oxidation to
roughen the gate electrode of the SCE emitter to
reduce gap width of the Pd nanogap, thereby
improving the field emission characteristics.
Because of lattice mismatch between Pt, Pd and
PdO, PdO can be selectively grown on the SiO;
substrate but not on the Pt bottom electrode
during thermal anneal in oxygen ambient.
Because of the formation of rough edge on the
electrode as a result of the production of PdO,
the turn-on voltage of the SCE device decreased
after the annealing. The turn-on voltage dropped
to 40V after the anneal treatment at 550°C, and
the field emission efficiency increased to 2% at
a gate voltage of 40 V, which is much better
than the SCE emitters thermal
annealing (~1.03%) .

Key words: palladium, PdO, nanogap,
palladium hydride hydrogenation, phase
transformation, surface conduction emission,
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