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From Semiconductor Physics and Devices: Basic Principles (4th Edition), Donald A.
Neamen, McGraw Hill, 2012, ISBN 978-0-07-352958-5.
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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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From Semiconductor Physics and Devices: Basic Principles (4th Edition), Donald A.
Neamen, McGraw Hill, 2012, ISBN 978-0-07-352958-5.
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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.

Handwaving arguments:

e For lefthand graph of y(x) above, a particle is less likely to be in a region
of higher potential than lower potential as it takes work/energy to move
from lower potential to higher potential.

e For righthand graph of y(x) above, a particle cannot be in a region of
infinite potential as it would take infinite work/energy to reach such a
region.
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Example- Let's examine the various quantities related to putting an electron
in an infinite potential well that i1s 4 Angstroms wide.

Define some constants

s h .
h= 6.62607015:10 > J-s  hmod:= —  hmod = 1.05457x 10 1 J-s
m = 9.1093837015-10 ' kg a:=410 10 m

Calculate some quantities and/or define equations

- . -
Per (2.33), the wave number (rad/m). in terms of quantum number n, 1s k(n) = —
a

Per (2.35) A2 = A2 = 7.071 x 107 |m?03

@ | k2

Per (2.38), the quantized energy (J & eV). in terms of quantum number n. 1s

hmod*-n%-n” E(n)
E(n) := . EeV(n) = T
2-m-a” 1.602176634-10

Per (2.39). the wave function (m™?-), in terms of quantum number n & position x. is

P(n,x) = A2-sin(k(n)-x)

Per (2.17). the probability density function (m™1), in terms of quantum number » and
position x, 18

P2(n,x) :=P(n.x)P(n.x)

Define vector of positions x across the width of the potential well, 1.e., 0 <= x <= a.

11

Nmax = 200 n:= 0.. Nmax Xy = -a
Nmax
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For the first guantum level, i.e..,n =1

k(1) = 7.854 x 10° | (rad/m)

E(1) = 3.765x 10" | (7) or [EeV(1) = 23302] (eV)

Wave function (m”™-0.5) vs position x (m)., n=1

8x10" . . .
6x10°F 1
P(1,xp) ,
42107+ .
|:| ¥
210°F .
[:I | | |
0 1x10~ ¢ %10~ 10 3x10” 10 4x10” 10
En
Probability density function (m”-1) vs position x (m), n=1
4x10°F i
W2(1,xy)
0
2%10°F .
[:I 1 | |
0 1x10~ ¢ 210” 1° 3x10” 1° 4x10” 1°
in
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For the second gquantum level, i.e..n =2

k(2) = 1.5708 x 10" ‘ (rad/m)

E(2) = 1.506 < 10

[EeV(2) = 9.4008 | (eV)

P2 -.l’in:]

02(2

EE 362 Electronic, Magnetic, & Optical Properties of Materials, Dr. Montoya
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EeV(d) _,

EeV(l)

Wave function (m”-0.5) vs position x (m), n=2

1x10°

5%10°F

_5x10”

—1x10°

4x10°

+3&n ]

2%10°

10 4x10”

10

Probability density function (m”-1) vs position x (m), n=2
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For the third guantum level, i.e..n =23

k(3) = 23562 x 100 | (rad/m)

_ EeV(3
E(3) = 3.380 x 107 10 ‘ (1) or [EeV(3) =21.1517| (V) (3) _
EeV(1)
i Wave function (m”-0.5) vs position x (m), n =3
1x10° . . .
5x10°F 1
'l|"|[3-.3"'~n:]
0 0
—s5x10°t -
_ IXIDS | | |
0 1x107 2x107 1 3x107 10 ax10” 10
in
Probability density function (m”-1) vs position x (m), n =3
4x10°F -
12(3 30)
0
2x10°F -
[:I 1 1 1
0 1x107 2x107 10 3x10” 10 ax107 10
in
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For the fourth gquantum level. i.e..n =4

k(4) = 3.1416 x 10'° | (rad/m)

_ EeVi(4
E(4) = 6.025x 10 5| (1) or  [EeV(4) = 37.603 | (eV) ® _ 16
EeV(1)
i Wave function (m”-0.5) vs position x (m), n=4
1x10° . . .
5x10°F 1
T.l"(q'._}[n:]
0 0
—s5x10°t -
_ IXIDS | | |
0 1x107 2x107 1 3x107 10 ax10” 10
in
Probability denr::it}r function (111“-1) Vs p::u.f::ition x(m), n=4
4><1[] 1
12(4 %)
0
Exlll] 1
[:l |
1x107 2x107 10 3x10” 10 ax107 10

in
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For the fifth quantum level, i.e..n = 5§

k(5) = 3.927 x 10'° ‘ (rad/m)

18| () or  [EeV(3) = 58.7547 | (V) Eﬁi; _
=4

E(5) = 9.414 % 10

Wave function (m”-0.5) vs position x (m), n=35

1x10° . . .
5101 1
T.l"( 5 ._Kn:]
0
0
—sx107F
_ IXIDS | | |
0 1x10~ 10 %10~ 10 3x10~ 10 4x10~ 10

in

Probability denr::it}r function (111“-1) Vs p::u.f::ition x(m), n=35

4x10
W2(5,xq)
0
- 2x10°F

10 210~ 10 3x10~ 10 4x10”

1x10™ 10
Xpn
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From Semiconductor Physics and Devices: Basic Principles (4th Edition), Donald A.
Neamen, McGraw Hill, 2012, ISBN 978-0-07-352958-5.

Vix)
Vi
Incident
particles —
(E < V)

Region | Region 1 Region 111

xr=10 r=u

Figure 2.9 | The potential barrier function.

xr=0 XxX=a

Figure 2.10 | The wave functions through the potential barrier.

e Unlike classical mechanics, there is a non-zero probability or finite
probability that the particle will be in Regions II and III.

e The particle getting through the potential barrier is called tunneling.
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2,3.4 cont.
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Example- Let's examine various quantities when an electr

35/44

on with a kinetic energy of 1 eV

m a region of zero potential 1s mcident on a finite potential barrier at x =0 of
12 eV that is 4 Angstroms wide followed by another zero potential region.

Define some constants

s h .
h = 6.62607015-107 >+ J-s hmod = ——  hmod = 1.05457x 10 " J-
& TC
31 ~10
m = 0.1093837015-10 ' kg  a:=4.10 'm
Calculate some quantities and/or define equations
EeV:=1 eV  E:= EeV-1.602176634-107 E-160218x10 2| I
VO eVi=12 &V VO0:= VO_eV-1.602176634-10°°  |[v0 = 1.902261x 107 18 | 7
Per (2.61a). the wave number k; (rad/m) for regions I & III is
2-m-E .
k1 = _ ki = 512317 10° | radim
hmod”™

Per (2.61b), the wave number &, (Np/m) in region II is

From notes. the exact transmission coefficient T 1s

2-m-(V0 — E)
i’
hmod”

k2 = 169916 x 100 | Np/m

1
Texact = 3 -6
V0~-sinh(k2-a)-sinh(k2-a) Texact = 1.52636 x 10
4.E-(V0-E) Pretty small!
For k2-a=6.7960 sinh(k2-a)-smh(k2-a) = 2.001859 x 10°
which can be approximated as 0.25-¢ %22 — 2 001864 x 10°
Per (2.63), the approxunate transnussion coefficient T 1s
E E) —2K2a
Tapprox == 15'%'(1 - ﬁ}'ﬁ Tapprox = 1.52635 x 10 °

Very good approximation!
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From Semiconductor Physics and Devices: Basic Principles (4th Edition), Donald A.
Neamen, McGraw Hill, 2012, ISBN 978-0-07-352958-5.

n=21=0

Figure 2.11 | The radial probability density function for the one-electron atom in the
(a) lowest energy state and (b) next-higher energy state.
(From Eisberg and Resnick [5].)

e Per(2.72) Im|=1¢,¢-1, ...,0. Therefore, m =0 when ¢ = 0.

e When ¢ = m = 0, the solutions for the probability density functions |¥|? are
spherically symmetric, i.c., |¥(r).

e For [W100(r))* (AKA: 1s shell/state), note that the electron is most likely to
be found near r/ap =1 or r = ap = 0.529 A.

e For [Wy00(r)* (AKA: 2s shell/state), note that the electron is most likely to
be found farther from the proton/nucleus at 5 <r/ag < 6.
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Subshells/orbitals ¢ quantum # Max # electrons per level
s (sharp) 0 2
p (principal) 1 6
d (diffuse) 2 10
f (fundamental) 3 14

From https://www.mathsisfun.com/physics/atom-orbitals.html

=) ./y
- | Sy
Z Z
X X X
Po P
i i i
4 I ¥ ¥ e /y\ T '
.
Ny 2 T = o g A ~, Ny
T e Y |arT d,
i
”y‘f & & )L
9‘ i . - N & &'\/ ‘
fz f? fo f1

orbitals s, p, d and f

e As a caution, these are plots of where the probability density function |'V|?
peaks; the orbitals are actually more diffuse than can be shown by the

pictures.
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From https://byjus.com/chemistry/shapes-of-orbitals/
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242 The feriodic Table
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