PHY 752 Solid State Physics
11-11:50 AM MWF Olin 107

Plan for Lecture 25:

» Chap. 18 & 19 in Marder
» Impurity states
» Properties of semiconductors

Some of the lecture materials are from slides prepared
by Marder
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Impurity states due to point defects
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Impurity states due to point defects -- continued
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Suppose that for impurity states near the conduction
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Impurity states due to point defects -- continued
Z,e valence charge of impurity relative to
V== " that of host lattice

Dielectric constant

Equation for wavepacket amplitudes
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Impurity states due to point defects -- continued

Gallium arsenide
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Semiconductor properties

Population of electrons (n) and holes (p) in a pure
semiconductor

Gallium arsenide
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Semiconductor properties -- continued

Forr Cc—p>kgT and p—E&,> kgT.
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Semiconductor properties -- continued
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Semiconductor properties -- continued

n==N.e Pl p =N, Pt

np = NCNvefﬂgg.
For intrinsic semiconductor, n=p=n;

n = \/J\I’L.J\fl,e_m:g/2
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Semiconductor properties -- continued

L . _ 2
Intrinsic carriers: P =%

n— n[,e—ﬂ(u;—u)7 p= nie—ﬁ(u—m).

Effects of impurities:

Acceptor Donor
states states

\g/ Valence states Conduction
Gap states
Energy € —
Figure 19.10: Densities of states with doping
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Semiconductor properties — continued

Typically, the ionized impurities dominate the carrier
concentrations

n—p=Nz—N,.

no= NN [N N 40
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Semiconductor properties — continued
n—p = 2n;sinh B(p — p;)
= i +kpTsinh ™" ([Ng —N,]/2n;).

For primarily donor doping: For primarily acceptor doping:
n ~ Ny p =~ N,
oo "
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Semiconductor junction

p—doped region n—doped region
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Semiconductor junction

p-doped, mo- pdoped, n-doped,  n-doped, mo-
bileholes  depleted  depleted  bile clectrons
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Figure 19.15: Ilustration of the redistribution of mobile charges near a p—n junction.
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Semiconductor junction
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15: Hiustration of the redistribution of mobile charges near a p-n junction.

€Nijons = e[Na' (x) Ny (X)} .
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Semiconductor junction
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Fisure 19.15: Mustratonof the redisburon of mobilecharges ear ap-n juncton
Simplified model:

Na(x) = Ngb(—x)
Ngb(x).
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Semiconductor junction
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Behavior of ideal diode

Xp Xn

p-doped  quasi- | n-doped  quasi-
neutral region ~ Depletion  peutral region
region|

« Electrons control current Holes control current —

3/27/2015

3/27/2015

Behavior of ideal diode — continued

Diffusion of electrons and holes:

jn = eD,i’ where: n'=Vn
jp = —eD,p p'=Vp
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