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Session 5: MS junction

1

MS Junctions: Electrostatics & IV curve
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Step by step:

1. Vacuum energy (E0) is continuous.

2. EG and χ are intrinsic properties of materials and should remain 

constant. (which means EC, EV, and E0 are all parallel)

3. At equilibrium Ef is constant while by applying voltage ∆Ef=-qV .

6

n
-ty

p
e

m
e
ta

l

Efs

E0

qχ
s

qϕm
qϕ

E0

Efm



11/25/2011

4

7

n
-ty

p
e

m
e
ta

l

Efs

E0

qχ
s

qϕm
qϕ

E0

Efm

8

n
-ty

p
e

m
e
ta

l

Efs

E0

qχ
s

qϕm
qϕ

E0

Efm

i
qV

( )
i m s

qV q ϕ ϕ= −

b
qϕ

( ) ( )b m i C Fq q qV E Eϕ ϕ χ= − = + −



11/25/2011

5

9

n
-ty

p
e

m
e
ta

l

Efs

E0

E0

Efm

i
qV

b
qϕ

( )
i m s

qV q ϕ ϕ= −( ) ( )
b m i C F

q q qV E Eϕ ϕ χ= − = + −

10

n
-ty

p
e

m
e
ta

l

Efs

E0

E0

Efm

i
qV

b
qϕ

( )
i m s

qV q ϕ ϕ= −( ) ( )
b m i C F

q q qV E Eϕ ϕ χ= − = + −

m s
I →

s mI →



11/25/2011

6

11

qND

i
qV

b
qϕ

m s
I → s mI →

V

x

E x

x
ρ

w

i
qV

( )
i C F

qV E E= + −

1

ε ∫

−∫

12

(0) DqN W ε= −E

21

2
(0) 2

i D
V W qN W ε= =E

2
( )i a

D

W V V
qN

ε
= − 2

(0) ( )D
i a

qN
V V

ε
= − −E

( )
i m s

qV q ϕ ϕ= − seems that Vi is independent of the applied voltage as

But it is not! This is known as “Schottky Effect.” This will lower Vi (ϕb) a 

little bit. 
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FET: Electrostatics & IV curve
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Metal Semiconductor FET: Electrostatics & IV curve
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MESFET (metal semiconductor field effect transistor)
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