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Quantum Mechanics

- Principle of energy quanta (0f| .4 X| 2] or;qg #2])
- Wave-particle duality principle (It-S-2 X 0| &5 I2|)
- Uncertainty principle (227349 ¥ E|)
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Photoelectric Effect (2™ &1}

- Albert Einstein (1905) : Light is matter!
-E=hv=hf = hw

h = planck constant = 6.62606 X 107 3*[kgm?s~1]
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Fig. 3.4: The Photoelectric Effect.
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Photoelectric Effect
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Figure 2.1 | (a) The photoelectric effect and (b) the maximum Kinetic energy of
the photoelectron as a function of incident frequency.
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Photoelectric Effect

LOW ENERGY RED LIGHT
N\ N MEDIUM ENERGY GREEN LIGHT
| 1 T 1t § T
| WORK FUNCTION | | WORK FUNCTION |
> >
i i NERGY W oot e
% m g % | ENERG ELL | FAILS TO ESCAPE
ELECTRON FALLS
BACK INTO WELL
(R V4 a I O 7 =z

\EELECTRON ON METAL SURFACE]|

ELECTRON.
LEAVES METAL

A

N HIGH ENERGY VIOLET LIGHT f
MAXIMUM KINETIC

% ENERGY
%\ 11 T

WORK FUNCTION

ENERGY WELL

ENERGY

Semiconductor Devices, Prof. SEYONG OH Neaman, Semiconductor Physics and Devices



Wave-Particle duality

- wave-patrticle duality principle

P = 1 (2.2)

- de Broglie wavelength

A= = (2.3)

“Matter waves” or “de Broglie waves”
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Wave-Particle duality
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Fig. 3.10. The Compton experiment and its results. p A

From Principles of Electronic Materials and Devices, Second Edition, S.O. Kasap (© McGraw-Hill, 2002)
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Wave-Particle duality

- Davisson & Germer : Light is wave!
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Figure 2.2 | Experimental arrangement of the Davisson—

Germer experiment.
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Figure 2.3 | Scattered electron flux as
a function of scattering angle for the
Davisson—-Germer experiment.
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Electromagnetic frequency spectrum
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Figure 2.4 | The electromagnetic frequency spectrum.
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Uncertainty principle (EE78d9| 22|)

- Werner Karl Heisenberg (1927) :

ApAx = h (2.4) h= zi
Uncertainty Uncertainty "
in momentum in position
h
AEAt > > (2.5)

Uncertainty Uncertainty
in energy in time
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Schrodinger’s wave equation

W(x, t) = Wave equation V(%) = Potential function
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Schrodinger’s wave equation

Y(x,t) = Wave equation V' (x) = Potential function
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Schrodinger’s wave equation

Y(x,t) = Wave equation V' (x) = Potential function
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Schrodinger’s wave equation

[P (x)|? Probability density function of finding particle
(EHE O =34
Probability of finding particle betwee x and x+dx
[W(x)|?dx (X2 x+dx AFO[Of| A HALE &= =HE)

_ Total probability
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Schrodinger’s wave equation analysis for free electron
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Schrodinger’s wave equation analysis for free electron

- assume that electron traveling in the +x direction,

‘P(x, t) — Ae+j(kx—wt) IZ> I‘P(x, t)lz — Ae+j(kx—wt) A*e—j(kx—wt) — |A|2

=>» The probability of finding an electron is the same regardless of x’s position.
=>» The electron can exist everywhere!

s Summary of analysis for free electron

LIJ(X, t) — Ae+j(kx—a)t) + Be—j(kx+a)t) E-k diagram
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Figure 2.5
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Figure 2.5 | Potential functions and corresponding wave function solutions for the case (a) when the potential
function is finite everywhere and (b) when the potential function is infinite in some regions.
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Schrodinger’s wave equation analysis for infinite potential well
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Figure 2.6 | Potential function of the infinite
potential well.

Semiconductor Devices, Prof. SEYONG OH Neaman, Semiconductor Physics and Devices



Schrodinger’s wave equation analysis for infinite potential well

V(x)

*+ Boundary conditions
_$_ +

- Wave function is finite.

- Wave function is continuous. : :
- Derivative of wave function is also finite and continuous.
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Schrodinger’s wave equation analysis for infinite potential well
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Figure 2.7
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Electron
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Fig. 3.15: Electron in a one-dimensional infinite PE well. The energy
of the electron is quantized. Possible wavefunctions and the
probability distributions for the electron are shown.

From Principles of Electronic Materials and Devices, Second Edition, S.O. Kasap (© McGraw-Hill, 2002)
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Schrodinger’s wave equation analysis for stepwise potential barrier
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Figure 2.8 | The step potential function.

This result implies that there is a finite probability that the incident particle will penetrate barrier
and exist in region Il. The probability of a particle penetrating the potential barrier is another
difference between classical and quantum mechanics: The quantum mechanical penetration is

classically not allowed.
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Schrodinger’s wave equation analysis for stepwise potential barrier
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Figure 2.9 | The potential barrier function.
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Schrodinger’s wave equation analysis for stepwise potential barrier
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Figure 2,10 | The wave functions through the potential barrier.
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