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A Study on the Hysteresis effect of CNTFET

Student: Sheng-ming Shiue Advisor: Bin-Yue Tsui
Department of Electronics Engineering

Institute of Electronics

National Chiao Tung University

Abstract

Since carbon nanotube yfield “effect transistor (CNTFET) was
demonstrated in 1998, electrical properties of CNTFETs such as mobility,
carrier transportation, cut-off frequency, etc., were investigated widely by
many researchers. Among’ these propertics, the hysteresis effect of
CNTFETs is one of the key pointsibecause it affects the device stability.
On the other hand, the hysteresis effect reveals the possibility for sensor
or memory applications. Since 2002, researchers have two perspectives
on the mechanism which causes the hysteresis effect. One is the water
molecules adsorption on the surface of carbon nanotube and the other one
is the carrier injection into dielectric due to the gate bias induced high
electron field.

In this work, we study the hysteresis effect of CNTFET under
different environments, including adding polar molecules (water and

alcohol) ~ in vacuum ambient ~ at various temperatures ~ capping with thin

film as well as light illumination. Top gate and bottom gate devices with

and without gate to source/drain overlap were fabricated. It is found that

il



water molecules dominate the hysteresis effect as carbon nanotube
(channel) 1s exposed to the ambient. Adding polar molecules will enhance
the hysteresis effect. But when we exclude the affect of water molecules,
for example in vacuum environment, the hysteresis effect is still observed
due to carrier injecting into dielectric. These results suggest that to obtain
stable CNTFETs, CNT channel must not be exposed to polar molecules.
Furthermore, the dielectrics those contact with CNT must have low defect
density and the operation voltage must be not too high.

The feasibility for CNTFET as a memory device is also evaluated. It
is found that the retention time of CNTFET would be several thousands
seconds. The switching time of the gate-source/drain non-overlapped
device could be less than 0.4msec. It is clear that the switching speed of
CNTFET is higher than that of the/FILASH device but the retention time
is much shorter. Although the read/write/erase cycle can be much higher
than 10°, to be a memory device, there are still several bottlenecks need

to be overcome.
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