QY2. Quantum Devices

Quantum Tunnelling:

e Review: Barrier Reflection

* Barrier Penetration (Tunneling)
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Mission imposible in Classical Mechanics

Classical Mechanics, .

Electrons must climb
the potential hill to
appear on other side.

Quantum Mechanics allows
electron with less energy to
tunnel thru the barrier and

appear on other side
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Energy (eV)

Wave Function

- Total Energy = Potential Energy ( Configure Energy... )
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Quantum Electron Currents

Given an electron of mass m

that is located in space with charge density p = ¢q |¢(33) |2

and moving with momentum < p > corresponding to < v >= hk/m

... then the current density for a single electron is given by

J = pv = q|¥|* (hk/m)
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Quantum Tunneling Through a Thin Potential Barrier

Total Reflection at Boundary
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Example: Barrier Tunneling

o Let’s consider a tunneling problem:

An electron with a total energy of
approaches a potential barrier with a height of
. If the width of the barrier is
metal metal

, what is the probability that the _ _\ .,
OL X

electron will tunnel through the barrier? air
gap
2
A V2
2m 2m 6eV
_ ‘(V-E,) =2 ‘(V-—E,) =2 ~ 12. -
" \/h2 ( ) 7T\/ Rl ) 7T\/1.505e\/-m12 o

T — 46—2(12.6 nm_l)(0.18 nm) _ 4(0011) _ 44%

Question: What will T be if we double the width of the gap?



Multiple Choice Questions

Consider a particle tunneling through a barrier: 4

1. Which of the following will increase the v
likelihood of tunneling?

a. decrease the height of the barrier oL
b. decrease the width of the barrier
c. decrease the mass of the particle

2. What is the energy of the particles that have successfully “escaped”?
a. < initial energy

b. = initial energy
c. > 1ntial energy

Although the ampl/itude of the wave is smaller after the barrier, no energy
is lost in the tunneling process

v



...to be continued
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