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Density of states for electrons D, (ge)

definition of states from uncertainty principle (Ax)3 (Ap)3 > h?
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l.e. in a sphere with radius P
We need N (8) , because occupation depends on energy, hot on momentum
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Energy distribution of electrons n,
dn, (2,) = D, (z,) f.(z,) da.
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exp
5

principle: minimum of Free Energy F = E - TS
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condition: temperature T and volume V must be fixed



Properties of holes

holes = missing electrons in the valence band

Cc A
g, =+€ 0 7y
m; (&,)=-m; (&) e el & Ch| [tePp
A
&, =—€
h i “Ke e -X‘@ Xn
SF,h —8F’e SC v e,kin
f o1t g _ V. e ec
G
ge gF,e — r . EF eV
oxp € ' |
fo=1- 1 _ KT \'; e
Ee—EF 4 Ee—EF o h,kin
exp =+1 exp +1 @®
T KT
1+exp(_ e Fej p h F.,h +1



Electron and hole concentrations

in the dark
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Doping jj’ oS Ji E
o

n —type, donors p —type, acceptors

1 or more valence electrons more 1 or more valence electrons less

than host than host
e.g. P, Asin Si e.g. In,Bin Si
Si on Ga site in GaAs Si on As site in GaAs

binding energy of electron to donor (hole to acceptor) from hydrogen model
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Electrons in n-type semiconductor
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‘ Transport properties, drift current
caused by electric field E
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Diftusion current (looking for a driving force)

diffusion current

Jo.d.i= zie(—D;gradn;) Fick's law of diffusion
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total charge current
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for electrons (z; = -1) and holes (z; = 1)
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Energies ot electron-hole pairs

energy

g +e, =6 +3/2KT  +(—&,)+3/2KT =g +3KT

Free Energy: electrochemical energy, electrical energy + chemical energy
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in the dark

Crc T Epy T &
Mo Ty =Epc —Epy =M, —CQ  + 1, +CQ = U, + 1 =0

under illumination

L+ 1 = Epc —Epy >0 Free energy of electron-hole pair
at one location is chemical energy



‘ Energy scale for electrons

€. = 0 for a free electron

1. in vacuum
2. inel. potential ¢ =0
3. Wlth 8e,kin =0

energy scale for holes ?
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‘ Contact between different materials
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Density of states for photons D, (7o)

energy distribution of states from uncertainty principle (Ax)3 (Ap)3 > h?

volume in momentum space for 1 state (Ap)3 :?/_3
number of momentum states with |p | < | p| 4n/3) p|3
i.e. in a sphere with radius |p| N (| p|) — a5y
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Planck’s law

photon current density per solid angle
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