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Semiconductor
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Semiconductor
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n-p excitation

density of states for type n

ρc (E) =
1

2π2

(
2mn

~2

)3/2√
E − Ec

density of states for type p

ρv (E) =
1

2π2

(
2mp

~2

)3/2√
Ev − E

mean value of n states

n(T ) =

∫ ∞
Ec

ρc (E)
1

e
E−µ
kBT + 1

dE

p(T ) =

∫ Ev

−∞
ρv (E)

1−
1

e
E−µ
kBT + 1

 dE

Istvan Groma, ELTE Condensed Matter Physic, Semiconductors 4/15



n-p excitation

p(T ) =

∫ Ev

−∞
ρv (E)

1

e
µ−E
kBT + 1

dE

E − Ec >> kBT , classical approximation is good

n(T ) =

∫ ∞
Ec

ρc (E)e
− E−µ

kBT dE = Nc (T )e
− Ec−µ

kBT

p(T ) =
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n-p excitation

∫ ∞
0

√
xe−xdx =
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Nc (T ) =
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Ec
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kBT dE = 2
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neutral superconductor

n(T ) = p(T )

in the same time

n(T )p(T ) = Nc (T )Pv (T )e
− Ec−Ev

kBT

From this

n(T ) =
√

Nc (T )Pv (T )e
− Ec−Ev

2kBT

Chemical potential

Nc (T )e
− Ec−µ

kBT = Pv (T )e
−µ−Ev

kBT

Pv

Nc
= exp

[
2µ− (Ec + Ev )

kBT

]
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neutral superconductor

µ =
1

2
(Ec + Ev ) +

1

2
kBT ln

(
Pv (T )

Nc (T )

)
If mp ≈ mn

Ef =
1

2
(Ec + Ev )

So
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Doped semiconductor

n type 5 valence (B)

p type 3 valence (As)

Band structure
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p-n transition

Perload

Voltage-current characteristic
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Transistor

Bardeen, Brattain,Shockley 1947, 1956
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Transistor

Ic = αIe α ≈ 0.95

Kirchhoff’s law

Ie = Ic + Ib

From this

Ic =
α

1− α
Ib = βIb β ≈ 100
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Amplifier

Uin = Ube(Ib) + Re Ie

Uout = Ut − Rc Ic

Uin +4Uin = Ube(Ib +4Ib) + Re(Ie +4Ie)

Uout +4Uout = Ut − Rc (Ic +4Ic )
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Amplifier

4Uin = Ube(Ib +4Ib)− Ube(Ib) + Re 4 Ie

4Uout = −Rc 4 Ic

4Uin = RB 4 Ib + Re 4 Ie

4Uout = −Rc 4 Ic

4Uin = RB 4 Ib + Re(1 + β)4 Ib

4Uout = −Rcβ 4 Ib

A =
4Uout

4Uin
= −

βRc

RB + Re(1 + β)
≈ −

Rc

Re
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FET, MOSFET
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