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Introduction:

“Quantum Tunneling” is a quantum
phenomenon where a particle, like
electron, “tunnels” through a very thin
barrier without overcoming the energy
level or breaking the barrier. Companies
such as Samsung are developing
microprocessors with MOSFET node as
thin as 3nm. Quantum tunneling causes
current leakage as the semiconductor gets
thinner. It causes computational error,
power waste, high temperature and
stressed gates.

Purpose/Aim:

In this research, most commonly used
semiconductor materials and their
performance is analyzed to solve quantum
tunneling problem in thin semiconductor
MICroprocessors.

Methods:

Since essential testing equipment like Iddq
or STM was not available, theoretical value
of the minimum thickness to have 1
percent of tunneling probability was
calculated with the assumption of the
energy level generally used for commercial
microprocessors. Thickness and lattice
constants were referenced. The research
proposes the probability density and the
minimum thickness of each materials.
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n = 20,L = 6nm.

Si0,(1.1eV & 0.31nm):

probability = 1.10x107°%,n = 7,L = 2.17nm.
B —Si;N,(5.1eV & 0.76nm):

probability = 2.73x1071%%,n = 2,L = 1.52nm.
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Discussion:

Potential barrier level is directly proportional to
the number of layer of the compound, or
thickness. Experimentally, it is impossible to
achieve a uniform density and thickness,
however, the ML(monolayer) and thickness is
quantized for the ideal setting. When the
potential barrier energy is lower than the
electron’s energy, transmission is 1 — reflection.
ldeally, insulating layers should have a
transmission of 0.

Conclusions & Future Research:

The theoretical values of three materials show
that smaller the lattice constant of a
semiconductor material, the thicker the tunneling
threshold. In order to increase the chip density,
decreasing the wafer’s layer down to atomic level
is required. As an alternative, decreasing the
electron energy can also be effective. In the
future, replicating the research with STM and
much reliable reference data of the material can
produce more accurate result of the study.
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