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With the further scaling of CMOS devices, the short
channel effect or dopant induced threshold voltage
(Vth) variations can not be well controlled. It comes
from the channel doping with its non-uniform
distribution in a small area, which is called
RDF(random dopant fluctuation). Another similar
effect, called RTF (Random Trap Fluctuation) will
induce the variation as well for devices after long
term operation.

This project was focused on the study of RDF and RTF
induced Vth variations. Results demonstrated that:
(1) For RDF effect, nMOS exhibits much larger Vth
variation comparing to the pMOS ones. This is
believed to be attributed to the boron clustering
effect in nMOSFETs, (2) For RTF effect, nMOS and
pMOS presents different variation behaviors after
different stress conditions, and (3) under the hot
carrier stress conditions, pMOS will increase the Vth
variation while nMOS will inhibit the variation. The
later is caused by the localization of generated
traps.
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Random Dopant and Trap Fluctuation Effects Induced Threshold Voltage
Variation in Nanoscale CMOS Devices
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Abstract
With the further scaling of CMOS devices,
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the short channel effect or dopant induced
threshold voltage (Vth) variations can not be
well controlled. It comes from the channel
doping with its non-uniform distribution in a
small area, which is called RDF(random dopant
fluctuation). Another similar effect, called RTF
(Random Trap Fluctuation) will induce the
variation as well for devices after long term
operation.

This project was focused on the study of RDF
and RTF induced Vth variations. Results
demonstrated that: (1) For RDF effect, nMOS
exhibits much larger Vth variation comparing
to the pMOS ones. This is believed to be
attributed to the boron clustering effect in
nMOSFETs, (2) For RTF effect, nMOS and
pMOS presents different variation behaviors
after different stress conditions, and (3) under
the hot carrier stress conditions, pMOS will
increase the Vth variation while nMOS will
inhibit the variation. The later is caused by the

localization of generated traps.
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Vih © threshold voltage.

Tpey © 2ate oxide thickness, Ngp * substrate concentration

Wpgp | depletion region width, T. ¢ channel length, W ¢ channel width

Table 1 Model equations used to describe the Takeuchi plot.
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