
Lecture 13 Topics 

• Charge carriers 
– Conduction electrons 
– Valence holes 
– Effective mass 

• Extrinsic semiconductors 
– n-type 
– p-type 

• Semiconductor devices 
– Diode 
– Transistor 

• Superconductivity 
– Characteristics: Perfect conductivity and perfect diamagnetism 
– Type 1, Type 2, and High Tc Superconductors 
– BCS Theory and Cooper Pairs 
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-Are free to move in the valence band 
-Are always found near the top of the 
valence band 
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meff : the ratio between external force and acceleration 

For free electrons,  
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At the bottom of each band 
Use Holes to get the positive effective mass!! 



Current in an E field 
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• Intrinsic semiconductors 
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• Use elements with 5 valence electrons as impurities 

• Extra electron per impurity atom 
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n-type semiconductor 

Si: Semiconductor 

n-type impurity 

~ 

-create donor states below the conduction band. 
-electrons in the donor states can be easily excited to be in the conduction band. 
-since impurities are sparse, the donor states do not form energy bands and do 
not harbor holes. 
-in the conduction band, electrons from the donor states are more abundant 
than those from the valence band 
-majority carrier in n-type  conduction band electrons 
-minority carrier in n-type  holes in valence band 
 



Fermi Energy 

Conductor               insulator           semiconductor           n-type                p-type 
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Unbiased Diode (p-n) 

p-type n-type 

-Diffusion of excessive 
electrons/holes 
-Coulomb interactions 
between new charge 
distributions resulting from 
diffusion of electrons and 
holes 
-Depletion zone  

-  + 
-  + 
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Forward biased 
Higher potential at p end 
Lower potential at n-end 
Electrons are supplied at n-end 

-electrons and holes 
recombine when they meet 
-current flows continuously 
-forward-biasing shifts the n-
type conduction band 
upward, allowing higher 
energy conduction electrons 
to fill lower energy valence 
holes. Energy is lost to 
heat/light 
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Reverse Biased Diode 
Higher potential at n- end 
Lower potential at p-end 
Electrons disappear at n-end 
Holes disappear at p-end 

-depletion region (no free 
charge carriers) 
-current stops immediately 
-reverse-biasing makes the 
potential difference more 
pronounced 
-minor charge carriers 
(conduction electrons in p 
and valence holes in n) can 
recombine at a negligible 
rate 



Transistor (npn) 
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1911   K. Onnes Superconductivity in Hg 

MEISSNER EFFECT:  
Perfect diamagnetism 

1933   Meissner effect 

Superconductivity: 
Essential Characteristics 



Understanding of Superconductivity 

2/24/2012 
Phys-102, G.-H. (Sam) Gweon, H.-S. Lee 

Class 
29 

1900 1920 1940 1960 1980 2000
0

20

40

60

80

100

120

140

160

180

Year of Discovery 

T
ra

n
si

ti
o
n

 T
em

p
er

a
tu

re
 (

K
)  

Nb
3
GeNb

3
Sn

NbNNbPbHg

1950    Isotope effect Tc~M
-a   (a~1/2)  

1957    BCS Theory 
   (Bardeen, Cooper, Schrieffer) 

BCS Theory 

1962    Tunneling experiments 



Superconductivity 

• Perfect conductivity—critical temperature (Tc) 

• Perfect diamagnetism- critical B field (Bc) 



Superconductivity 
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• Perfect diamagnetism- critical B field (Bc) 

Superconductors repel magnets 



Type 1 Superconductors 

-Sharp transition at Bc 
-No B field in the superconducting 
material because Bext is cancled 
by B-induced before Bc 
-After Bc, the superconducting 
material is in a normal state 
allowing Bext to penetrate the 
material 
-Superconducting elements tend 
to be Type 1 
-Bc is relatively low, 0.01-0.1 T 
-Tc is relatively low, 1-9 K 



Type 1 vs. 2 Superconductors 



Type 2 Superconductors 

-Vortices: superconducting 
regions surrounding normal cores 
-Stronger field makes vortices 
become more dense, allowing 
more field lines to penetrate. 
-metallic compounds and alloys 
-Bc  are 2-3 orders of magnitude 
grater than type 1 
-Tc is twice as high as type 1, 
around 20K 



BCS Theory 

• Bardeen, Cooper, and Schrieffer (BCS) 

• Explains Type 1 and Type 2 superconductors 

• Lattice and electron interactions 

• Coherent motion of the electrons in Cooper 
pairs 

– What is cooper pair? 

– How coherent motion is created? 

 



BCS theory 
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PHONON MEDIATED PAIRING 
(phonon = lattice vibration) 

Pairs of electrons: Cooper pairs 

Tc~M
-1/2 

Superconducting gap: D 

M 



Cooper Pairs 

Cooper paired electrons  
-are bosons as a pair 
-have opposite momenta 
-opposite spin directions 
 



Cooper Pairs 

-Paired electrons experience a net attraction by exchanging a phonon 
-Lattice is involved 
 
-This attractive force is small at the order of 0.001 eV  which is greater 
than electron –electron repulsion  
-the separation between the two paired electrons is greater than atomic 
spacing in the lattice 

Tc~M
-1/2 

Cooper paired electrons  
-are bosons as a pair 
-have opposite momenta 
-opposite spin directions 
 



How many electrons participate? 
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Coherent motion of Cooper pairs 
Cooper paired electrons  
-are bosons as a pair 
-have opposite momenta 
-opposite spin directions 
-binding energy between electrons 
in a Cooper pair is greater than 
typical thermal energy between 
electron and lattice ion at low 
temperatures 
-thus, collisions are not going to 
stop electrons in cooper-pairs to 
move coherently 
-Type 1 superconductors have 
longer mean free paths than Type 
2 superconductors 
 


