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A16. Appendix 16: Equation Sheet  

Chapter 1: Review of Modern Physics 

1.2. Quantum mechanics 
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1.3. Electromagnetic theory 
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Chapter 2: Semiconductor Fundamentals 

2.3. Energy bands 
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2.5. Carrier distribution functions 
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2.6. Carrier densities 
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2.7. Carrier Transport 
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2.8. Carrier recombination and generation 
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2.10. The drift-diffusion model 
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Chapter 3: Metal-Semiconductor Junctions 

3.2. Structure and principle of operation 

  χφ −Φ= MB , for an n-type semiconductor 



 

     

A16-6 

  M
g

B q

E
Φ−+= χφ , for a p-type semiconductor 

type-n      ,   ,

q

EE nFc
Mi

−
−−Φ= χφ  type-p       ,   -,

M
pFc

i q

EE
Φ

−
+= χφ  

3.3. Electrostatic analysis 

)(
2

2
−+ −+−−=−= ad

ss
NNnp

q

dx

d
εε

ρφ
 

)sinh(sinh
2

2

2

t

F

t

F

s

i
VV

nq

dx

d φφφ
ε

φ
+

−
=  

i

da

t

F
n

NN

V 2
sinh

+− −
=

φ
 

xxx

xxqNx

d

dd

<=

<<=

           0)(

0      )(

ρ

ρ
 

xxx

xx(x
qN

x

d

dd
s

d

≤=

<<−=

                           0)(

0      x)-)(

E

E
ε  

xx
xqN

x

xx-x)(xx
qN

x

xx

d
s

dd

ddd
s

d

≤=

<<−=

≤=

                        
2

)(

0      ][
2

)(

0                                   0)(

2

22

ε
φ

ε
φ

φ

  

s

d

s

dd QxqN
x

εε
−=−== )0(E  

s

dd
ai

xqN
xV

ε
φφ

2
)0(

2

==−=−  

d

ais
d qN

V
x

)(2 −
=

φε
 

d

s

ai

ds

a

d
j xV

Nq
dV
dQ

C
ε

φ
ε

=
−

==
)(2

 

3.4. Schottky diode current 
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Chapter 4: p-n Junctions 

4.2. Structure and principle of operation 
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4.4. The p-n diode current 
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4.5. Reverse bias breakdown 
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4.6. Optoelectronic devices 
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Chapter 5: Bipolar Junction Transistors 

5.2. Structure and principle of operation 
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5.3. Ideal transistor model 
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Chapter 6: MOS Capacitors 

6.3 MOS analysis 
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Chapter 7: MOS Field Effect Transistors 

7.3. MOSFET analysis 
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Channel length modulation 
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7.4. Threshold voltage 
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