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Principles of solid state electronics:Principles of solid state electronics:

1. Energy bands 
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Energy band diagram of (a) germanium, (b) silicon and (c) gallium arsenide
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3. Direct and indirect materials
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3. Direct and indirect materials 
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Energy band diagramEnergy band diagram 

q electron affinity

Band gap Eg

Metal Semiconductor
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Temperature dependent energy gapTemperature dependent energy gap
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Doping dependence of the energy bandgapDoping dependence of the energy bandgap
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Metal semiconductor and insulatorMetal, semiconductor and insulator
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2. Effective mass
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2. Effective mass 
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3. Vertical transition3. Vertical transition 

,khp 


Assume 532nm light, p = 1.310-27 kg.m/s

6 6 10 27 k /Free electron, E = 1eV p  = 6.610-27 kg.m/s ,2mEmvp 

Momentum conservation requires vertical transition. 

Molecular electron transitionsFrank-Condon Principle

Atom coordinate
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3. Density of states (DOS)
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3. Density of states (DOS)

Recall 1-D potential well example: 
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3. Density of states (DOS), bulk material
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3. Density of states (DOS), bulk material
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3. Density of states (DOS), bulk material
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3. Density of states (DOS), quantum well

Review solid state electronics

3. Density of states (DOS), quantum well
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4. Electron distribution, Fermi level
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4. Electron distribution, Fermi level 
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5. Electron population E
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5. Electron population  
Total electrons in conduction band
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5. Carrier concentration at thermal equilibrium, no Fermi level splitting

Review solid state electronics

5. Carrier concentration at thermal equilibrium, no Fermi level splitting  
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EF level for intrinsic material at thermal equilibrium
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EF level for intrinsic material at thermal equilibrium
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6. Carrier concentration in extrinsic materials
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6. Carrier concentration in extrinsic materials
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Example: a Si sample is doped with 1017cm-3 As atoms, what’s the equilibrium
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Example: a Si sample is doped with 10 cm As atoms, what s the equilibrium 
concentration of holes at 300K, where the EF relative to Ei assuming 
ni = 2.01015cm-3
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7 Conductivity and mobility
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7. Conductivity and mobility
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8. Current continuous equations 
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P-n junction at equilibrium
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Depletion layer capacitance
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Example: An abrupt p n junction formed by n type doped N = 1016cm-3 Na

NNkT 

Example: An abrupt p-n junction formed by n-type doped Nd = 1016cm 3, Na 
= 4x1018cm-3, calculate: V0, W, Xp, Xn , and E0
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Carrier profile

+ +
+ +

- -
- -

V

E
p

P dn

np JJJ 

dn
EFEF

V0Pn Eq
dx
dnqDJ nn 

Np
Eq

dx
dpnqDJ pp 

00  Eq
dx
dnqD n

nJtxn n 





 1),(

Excess carriers
dx

Steady state

n nqJ 


 nndD 



2

2

txqx 




nnn DL 

p

q
x  pdx 2

nLxetxntxn /),0(),( 

pLxetxptxp /),0(),( 



EE16.669 Lecture 2P-n junction at non-equilibrium

Excess carrier
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Assuming no e-h
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Assuming no e-h
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EE16.669 Lecture 2Lecture 1, Review-- Basics of Quantum mechanics

H #1 D th b d di f th d ti b d d th F i l lHw#1, Draw the band diagram of the conduction band and the Fermi levels
for GaAs with n-type doping of 1015 cm-3, 1017 cm-3 and 1018 cm-3. Ignore the 
doping dependant bandgap change.

Reading assignment: online book: Ch 2 1 2 5Reading assignment: online book: Ch. 2.1-2.5

http://ecee.colorado.edu/~bart/book/book/index.html


