
Photoemission

Semiconductors



Measure the density of states 
with photoemission 
spectroscopy 

Photoemission spectroscopy   

UPS - Ultraviolet 
photoemission spectroscopy 

XPS - X-ray photoemission 
spectroscopy 

From: Ibach & Lueth



Angle resolved photoemission spectroscopy (ARPES) 

Measure the dispersion relation with angle resolved photoemission  

ht
tp

s:
//a

rp
es

.st
an

fo
rd

.e
du

/re
se

ar
ch

/to
ol

-d
ev

el
op

m
en

t/a
ng

le
-r

es
ol

ve
d-

ph
ot

oe
m

is
si

on
-s

pe
ct

ro
sc

op
y

ht
tp

://
se

rv
er

2.
ph

ys
.u

ni
ro

m
a1

.it
/g

r/l
ot

us
/In

st
ru

m
en

ta
tio

n1
_M

.h
tm

Bi2Te3

Topological insulator  



Inverse photoemission spectroscopy (IPES)   

http://iopscience.iop.org/0034-4885/51/9/003



k-resolved Inverse Photoemission Spectroscopy (KRIPES)    

http://iopscience.iop.org/0034-4885/51/9/003



Handbook of X-ray photospectroscopy
John F. Moulder

XPS: Chemical identification
UPS: Valence electrons

XPS



XPS



XPS

Cu

ARPES



GaN
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Free electron Fermi gas
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Semiconductors and insulators - 1d
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Semiconductors and insulators - 2d
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Semiconductors and insulators - 3d
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The free electron density of states is modified by the effective mass. 

3 / 2*

2 2

2( )
2 c

mD E E E


 
  

 

Density of electrons in the conduction band

1( ) exp
1 exp B

B

Ef E
k TE

k T




 
        

 

Ev Ec

f(E)

3 / 2*

2 2

2( ) ( ) exp
2

c c

c
BE E

m En D E f E dE E E dE
k T

 


     
    

   
 

Boltzmann
approximation
Ec -  > 3kBT



Density of electrons in the conduction band 
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Density of holes in the valence band 
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Density of holes in the valence band 

 
3 / 2*

3 2 2

21 ( ) 1 ( ) exp
2

v vE E
h

v
B

m Ep N E f E dE E E dE
L k T

 
 

   
     

   
 

exp v
v

B

Ep N
k T

 
  

 

3 / 2*

22
2

h B
v

m k TN


 
  

 
= Effective density of states in
the valence band



Semiconductors 
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The thermodynamic properties of insulators 
depend on band edges





Narrow bandgap semiconductors 

Ev Ec

Use the programs for metals for small bandgap semiconductors.


