
Announcements 

 

• HW4 due: 2/21, Friday 5 pm 

• Mid-term exam 2: 2/25, Tuesday 

– Chapters 9 and 10 

– Open textbook, notes, and slides 

• Review session schedule 

 



Lecture 14 Topics 

• 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 

 



Comparing energy bands vs. free 
particle solution 

Large well    4-atom well 

Free particle solution: 



Comparing energy bands vs. free 
particle solution 

Large well    4-atom well 



Energy band gap 

Three differences between free 
particle and electron in crystal: 
 
1. Energy level continuity 
 
2. Energy band existence 
 
3. The curvature of energy 
values allowed in the system 
 
 
 



Conductors, Insulators, and 
Semiconductors 

Band structure 



                

     

                                               



Two types of charge carriers 

Conduction band electrons 

Valence band holes 

- created by electrons left the valence 
band at T > 0 
-Behave like positive charge carriers 
-Are free to move in the valence band 
-Are always found near the top of the 
valence band 



Current in an E field 
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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 
 



p-type semiconductor 

Si: Semiconductor 

p-type impurity creates hole 

-create acceptor states above the valence band. 
-electrons in the valence band can be easily excited to be in the acceptor states, 
creating holes in the valence band. 
-majority carrier in p-type  valence band holes 
-minority carrier in p-type  conduction band electrons 
 



Energy Bands 

Conductor               insulator           semiconductor           n-type                p-type 



Fermi Energy 

Conductor               insulator           semiconductor           n-type                p-type 



Unbiased Diode (p-n) 
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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  

-  + 
-  + 



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



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 



Reverse Biased Diode 
Higher potential at n- end 
Lower potential at p-end 
Electrons disappear at n-end 
Holes disappear at p-end 



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 
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Transistor (npn) 



Transistor (npn) 



Transistor (npn) 


