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Q 1:

1.1

Jn = enµnE + eDn∇n2 Jp = epµpE + eDp∇p

∂n

∂t
= −∂F−

n

∂x
+ gn −

n

τnt

∂p

∂t
= −

∂F+
p

∂x
+ gp −

p

τnt

∇ · Eint =
e (δp− δn)

ϵs
=

∂Eint

∂x

1.2

∇ · E =
ρ

ϵ0

1.3

∆V = −
∫

E · ds

1.4

∆Uenergy = q∆Vvoltage

1.5
Dn

µn

=
Dp

µp

=
kBT

e

1.6

Photons are energy quanta in the form of EM radiation.

p =
h

λ
=

kh

2π
= kℏ

1.7

Phonons are energy quanta in the form of heat.

p =
h

λ
=

kh

2π
= kℏ

2

From this equation:

Ex = −kBT

e

1

Nd(x)

dNd(x)

dx

We can say that the electric field is going to be in opposite direction of dNd(x)
dx

3

Because the hall voltage depends on the drift velocity which has opposite signs for n-type and p-type
semiconductors
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4

They will decrease its mobility.

5

The difference is due the difference in the effective mass, affecting the mobility.

GaAs

Si

Q2

VH = E ×W =⇒ VH = −16.5× 5× 10−2 = −0.825 mV

Since VH is negative, this implies that we have an n-type semiconductor.

n = − IxBz

edVH

=⇒ n = − 0.5× 10−3 ∗ 6.5× 10−2

1.6× 10−19 ∗ 5× 10−5 ∗ −0.825× 10−3
= 4.9× 1021m−3 = 4.9× 1015cm−3

µn =
IxL

enVxWd
=⇒ µn =

0.5× 10−3 ∗ 0.5× 10−2

1.6× 10−19 ∗ 4.9× 1021 ∗ 1.25 ∗ 5× 10−4 ∗ 5× 10−5
=

5

49
m2/V ·s ≈ 0.102m2/V ·s

Q3

L0

low-level injection prevails because δp = γND << ND since γ = 10−3.

Dp
∂2δp

∂x2
+ gp −

p

τpt
= 0

The solution will have this form:

δp(x) =
x2(p− gpτpt)

2Dpτpt
+ c1x+ c2

δp(0) = δp(L) = γND

JP = −eDp
∂(p0 + δp)

∂x
|x=0 = −eDpc1
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Q5

n0 = ni exp

(
EF − EFi

kBT

)
; p0 =

n2
i

n0

= ni exp

(
EFi − EF

kBT

)
ni << Nd =⇒ n0 = Nd = 1015 cm−3; p0 =

(1.5× 1010)
2

1015
= 2.25× 105 cm−3

n0 = ni exp

(
EF − EFi

kBT

)
=⇒ EF − EFi = kBT ln

n0

ni

= 0.35 eV

p0 = ni exp

(
EF − EFi

kBT

)
=⇒ EF − EFi = kBT ln

ni

p0
= 0.29 eV

δp = δn = 1012

n0 + δn = ni exp

(
EF − EFi

kBT

)
; p0 + δp = ni exp

(
EFi − EF

kBT

)
EFn − EFin = kBT ln

n0 + δn

ni

= 0.35 eV

EFp − EFip = kBT ln
ni

p0 + δp
= 0.109 eV

δp = δn = 1018

EFn − EFin = kBT ln
n0 + δn

ni

= 0.466 eV

EFp − EFip = kBT ln
ni

p0 + δp
= 0.466 eV


