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semiconductor manufacturing
processes are used to form
more and more complex
devices at reduced size. For
example, complicated
semiconductor devices use
multiple patterning steps to
form increasingly small and
complex semiconductor
devices. Multiple patterning of




semiconductor devices can be
a result of forming such
semiconductor devices as
advanced complementary
metal-oxide-semiconductor
(CMOS) field effect transistors
(FETs). Complex semiconductor
devices can include gate
electrodes with various
geometric shapes and
dimensions. A gate insulation
layer (insulator) is typically
formed between the
semiconductor and gate
electrodes, and is later
patterned. The gate insulation
layer has sufficient thickness




so that it can act as a field
plate that prevents or
mitigates electrons from the
semiconductor from tunneling
through the gate insulation
layer to the gate electrodes. As
semiconductor devices become
more complex and more
sophisticated, the thickness of
gate insulation layers becomes
thinner to increase the length
of the channels formed in the
substrate of the semiconductor
devices. The reduction In
thickness of the gate insulation
layer increases the probability
that electric charges can




tunnel through the gate
insulation layer to the
semiconductor when the gate
insulation layer has damaged
or imperfections in its
structure. The electric charge
tunneling can cause the
threshold voltage of the
semiconductor devices to shift,
which can reduce the reliability
and lifetime of the
semiconductor devices.
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