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ABSTRACT

Carbon nanotubes (CNTs) have been applied for the process of the field emission
devices, because of their high aspect,ratio, small radius curvature , high chemical
stability, and high mechanical strengthzField-emission current of CNT arrays depends
strongly on the work function and geometry of the surface of CNT arrays. Excellent
field emission properties of:CNTs have-been‘demonstrated lower turn-on electric field
and higher filed emission current density.

For the synthesis of field emission materials, carbon nanotubes (CNTs) with various
morphologies have been synthesized using thermal chemical vapor deposition (Thermal
CVD) with Fe-Ni alloy catalysts via controlling the parameters of CNTs growth. The
CNT emission arrays showed excellent field emission properties, however, the field

emission properties of the high density CNTs (~101zlcm2) degraded for the screening

effect of the electric field. To improve the field emission properties of the CNTSs, a
novel post treatment process with plasma etching to reduce the screening effect of the
electric field have been proposed.

The results depicted that the field emission properties can be upgraded with proper

high density plasma treatment conditions. A plasma post treatment was introduced to



reduce the density of CNTs. Scanning electron microscopy (SEM) micrographs showed
reduced densities of the CNTs, and the measurement of electrical characteristics
revealed the improved field emission properties under suitable plasma conditions. The
turn-on electrical field decreased from 3.1 V/um to 2.2 VV/um, and the emission current
density increased from 2.35 mA/cm? to 48 mA/cm? at the applied field of 5 V/um. SEM
have verified that the distribution and surface morphology of CNTs have been changed
by HDPPT (argon , oxygen ). The plasma exposure to argon (Ar) gas was performed in
situ in order to modify all structural defects (non-crystalline carbon) and
contamination of CNTs . Oxygen plasma removed the structure of carbon nanotubes on
the surface, such as removing amorphous carbon, exhibiting the open-end on the tip and
reducing the walls of carbon nanotube by way of chemical reaction, produce CO , CO,
volatility gas and influence density of CNTS.

Finally, the CNT triode structures with the: proposed plasma post treatments have

been demonstrated to achieve thelow voltage at 18V.
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Symbols

W, : the energy difference between an electron at rest outside the metal and an electron
at
rest inside the metal
W; : the energy difference between the Fermi level and the bottom of the conduction
band
: work function
: the current density (A/cm?)
: the applied electric field (V/cm)
: the emitting area
: the local field enhancement factor
: Slopegn the slope of a Fowler-Nordheim (F-N) plot
: the tip radius of emitter tip
d :the emitter-anode(gate) distance
£ :geometric correction factor

W R M <« -

-

Eip : realistic electric field in the emitter. tip
g,, :transconductance
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