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Metals Insulators and Semiconductors
Basic ideas from Quantum theorg

From atoms to solids
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Photoelectric eHect and P~njunc’cion5 and Photovoltaics
From Sun

Glass casing
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Unbound e’s
Energ9 increasing quarcls

High 19 excited states
(Unbound state)

2nd Excited state: (Bound
b State)

< o st Excited state: (Bound
State)

Sy Ground state: (Bound State

Modern Pic:ture of an atom.
Bohr’s old quantum theorg as described in many books.
Excitation energjes atresonance : e-¢, = hv

_ get related to specific wave lengths.
- Atomic or molecular excitations dominate quantum efficiency of absorption (CO;
problem)
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o A bound state has an electron in “Perl:)etual caPtivitg” of anion.

o DiHerent bound states usua”g have different energjes. However a given energy level
can and does accomodate a fixed number of electrons. & for S, 6 for oF 10 for d etc).

o The number of bound states is usua||9 imcinitg

ol AN unbouncl state corresponcls to electrons ’cl’xat are free and not bouncl to an ion

3 \/isualizinga few tg[:)ical oMo
A- : Vacuum level (Free states begin here)

leV =16 x 107 J=8.066 x 10°m

x = NS s i e )

H He L
] ATk /=%

OPtical transitions:

Both ways (absorption or emission)

13.6 eV ~ 10"m~* — 1000 A"

Pauli’s Principle: Fach “quantum state” can contain a fixed number of electrons.

The value of the fixed number (1.e. the capacitg) is determined bg symmetry,

it is at least 2 in the absence of magnetic fields. If we have more, electrons, we need to

= S - = = i T u s -y

gO search 7COF vacancies.
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Basic concePt o1c metal and nonmeta|~> semicon&uctor

! 1H I, PerIOdIC Table WA VA VA VIA VIA zHe

I 5 6 [7 [¢ [¢ [0
2 ['wi | Be of Elements B lc|n|ol|F [ne
|2 @ |14 |15 [ |i7 |12
IINa|Mglug «wve vE WVIE VIB Vil g g |AlL|SI|P |S |CI|Ar

; 19 |20 |21 |22 |23 [24 |25 |26 (|27 [28 |23 [e0 |21 |32 [3¢ |24 |35 |96
*|k |ca|sc|Ti| v |cr|Mn|Fe |Co|Ni|Cu|Zn|Ga|Ge|As |Se|Br | ks

37 |28 |39 |40 |41 |42 |42 |44 [45 |46 |47 |48 |42 (50 |51 (|52 [5¢  |°4
Sr| Y | Zr | Nb | Mo Ru|Rh |Pd|Ag|Cd|In |Sn|Sb|Te | | | Xe

Rb

55 |56 |or |72 |72 |74 |73 [7® |77 |r@ |72 |20 |81 [32 |e=2 |84 |35 |@6
El]Cs|Ba|*La|Hf |Ta | W |Re|Os| Ir | Pt|Au| Hg| Tl | Pb| Bi | Po| At | iin
&7

Fr

@z |89 |104 [105 [106 |107 |108 |109 |110
Ra |+AC

* Lanthanidelss |59 60 |61 |62 |63 |64 |65 e |67 |68 |69 |70 |7
Series Ce| Pr |Nd Sm|Eu|Gd| To|Dy | Ho| Er |Tm|Yb | Lu
+ Actinide a0 Jar ez ez Je4 Jos Jee  Jor Jag oo oo [101 J102 [103
Series Th |Pa | U

Legend - click to find out more...

H - gas Li - solid Br - liquid
. Non-Metals Transition Metals Rare Earth Metals Halogens
Alkali Metals Alkali Earth Metals Other Metals Inert Elements
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n=4 N=32

Nn=% N=I8

n=2 N=8

n=l N=2

atomic levels

n= Principal QN

N= number ore’s accomoclate&

Band 4

Band b)

Band 2

Band 1

T

Band 4
N=32
N=18 Band 3
Fermi level
> Band 2
Fermi Ievcl
Band 1
N=
Metal

Solid= array of atoms
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Metals and photoemisfsion | Outside
x g the box

e ok B
o 0 ¢ o o ¢ o - 0

Electron in the metal is shared bﬂ many ions. It is “unbound” from any one ion and is

delocalized.
But the electron is confined to the box where the ions are located.

OPtical transition correslooncls to the Photoelectric etfect.

~N
J

EWork F unctionI

EFermi
Filled Fermi sea of electrons corrcsponcls to occuPiecl unbound
states within the box.
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Silicon
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[ Filled valence Band j
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Boron
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Excited electron

hy = € Kinetic Maximum Sl EWork Function

N

Metal

Photon

From Sun

Albert Einstein’s explanation 1916

Nobel 1921

EWork Hunction

~N

elec’trons

% Filled Fermi sea of
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P

photon source N, energy analyser

)

UHV - Ultra High Vacuum |
(p <107 mbar )

30
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Thousands of counts
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Semiconductor

Picture of oPtical excitations
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Photoelectric effect and P~njunctions and Photovoltaics

I%:ach cell ~ 27 dia and 1/16” thick- stack up some 50 of them to geta Voltage of 20/25 volts

From Sun

Glass casing /
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Egiciencg of solar cells:

Ratings:
Peak power WP’ the electrical power outPu’t when we have
I000W,/m? incident at 25°C

Manufacturing cost $
Egiciencg 5 /
ur
Si single crgstal 14-17% 2.9-4.0

Si amorphous 5-8% 2.00-3.00
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