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High temperature environments have always presented a challenge to solid-state
transistors with silicon MOSFETSs unable to operate at temperatures above 300C* and
silicon carbide devices unable to operate at temperatures above 600C2. Unfortunately,
there are many applications that require operation electronics in precisely these
environments. For example, NASA missions to the surface of Venus would require
electronics that can operate in excess of 450C. These niche applications present an
opportunity for alternative electronics paradigms.

Miroscale and nanoscale field emission devices operating on the principle of
Fowler-Nordheim tunneling have long been a source of academic interest®. When emitter
and collector gaps are smaller than 200nm, atmospheric operation is possible?*, and a
combination of low transit times and very small device capacitances makes THz
operation a possibility®. In principle, field emission never becomes linear with increasing
temperature, so field emission transistors should be able to operate at temperatures higher
than the maximum operating temperatures of solid-state transistors. Stable field emission
has been demonstrated up to 500C®.

Our group has produced lateral field emission diodes and transistors through a
CMOS compatible process consisting of multiple, vertically stacked emitting, collecting,
and gating layers. Our devices are capable of operation at atmospheric pressures in an
inert gas, producing microamperes of current at sub-10 volt turn-ons, and long operating
lifetimes. Building on our previous work, we will demonstrate a modified version of our
multilayer lateral field transistors operating at extreme temperatures in an inert
atmosphere. This opens the possibility for circuits and systems built out of field emission
devices and designed for extreme temperature operation.
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Figure 1:

Vertically layered, gated field emission device at 45 degree tilt. The emitter collector gap
is 68nm. Scale bar represents 500nm.

Figure 2

The current-voltage characteristic for the three terminal Fowler-Nordheim device. The
red portion is the emitter current, the blue portion is the collector current, and the green
portion is the gate leakage current.



