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This Lecture

• Reading 
- 4.1-4.5 PN and Metal Semiconductor Junctions

• Concepts:
- Joining different materials together (p & n or 

semiconductor and metal)
- Two terminal devices, diode, solar-cell, LED (laser), 

schottky diode, protection circuits (LV), blocking (HV)
- Some physics including neutral regions, depletion, 

poisson’s equation
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4.1.1 Energy Band Diagram of a PN Junction

A depletion layer 
exists at the PN 
junction where n ≈ 0 
and p ≈ 0.

Ef is constant at 
equilibrium

Ec and Ev are smooth, 
the exact shape to be 
determined.

Ec and Ev are known 
relative to Ef
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4.1.2   Built-in Potential
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4.1.2   Built-in Potential
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4.1.3  Poisson’s Equation
Gauss’s Law:

εs: permittivity (~12εo for Si)
ρ:  charge density (C/cm3)

Poisson’s equation

∆x

ρE(x) E(x + ∆x) 

x



Slide 4-8

4.2.1  Field and Potential in the Depletion Layer

On the P-side of the 
depletion layer, ρ = –qNa

On the N-side,  ρ = qNd

4.2  Depletion-Layer Model
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4.2.1  Field and Potential in the Depletion Layer 

The electric field is continuous at x = 0.

Na |xP| = Nd|xP|

Which side of the junction is depleted more?

A one-sided junction is called a N+P junction or P+N junction

 

N P

  D eple tion La yer N e utral R egi on 

–xn  0  xp

 

     

   

   

 

 

  
 

   

  

  

    

N eut ra l Re gion 

N P



Slide 4-10

4.2.1  Field and Potential in the Depletion Layer
On the P-side,

Arbitrarily choose the 
voltage at x = xP as V = 0.

On the N-side,

2)(
2

)( xxqNxV P
s

a −=
ε

2)(
2

)( N
s

d xxqNDxV −−=
ε

2)(
2 N

s

d
bi xxqN

−−=
ε

φ

 

      

    

 

    
 

 

x

   E

xn    xp

 

 Ec

 Ef 
 Ev

 φbi , built-in potential

  

  0

   xn    xp
x

φbi

  

V

N

N

P

P



Slide 4-11

4.2.2  Depletion-Layer Width

V is continuous at x = 0

If Na >> Nd , as in a P+N junction,

What about a N+P junction?
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EXAMPLE: A P+N junction has Na=1020 cm-3 and Nd 
=1017cm-3. What is a) its built in potential, b)Wdep , c)xN , 
and d) xP ?

Solution:
a) 

b)

c)

d)
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4.3  Reverse-Biased PN Junction
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4.5  Junction Breakdown

A Zener diode is designed to operate in the breakdown mode.
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4.5.1  Peak Electric Field
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4.5.2  Tunneling Breakdown

Dominant if both sides of 
a junction are very heavily 
doped.
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4.5.3  Avalanche Breakdown 
• impact ionization: an energetic 
electron generating electron and 
hole, which can also cause 
impact ionization.
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4.4  Capacitance-Voltage Characteristics
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4.4  Capacitance-Voltage Characteristics

• From this C-V data can Na and Nd be determined?
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EXAMPLE: If the slope of the line in the previous slide is 
2x1023 F-2 V-1, the intercept is 0.84V, and A is 1 µm2, find the 
lighter and heavier doping concentrations Nl and Nh .

Solution:
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Summary

• Concepts:
- Joining different materials together (p & n or 

semiconductor and metal)
- Two terminal devices, diode, solar-cell, LED (laser), 

schottky diode, protection circuits (LV), blocking (HV)
- Some physics including neutral regions, depletion, 

poisson’s equation
• Reading for tomorrow

- 4.6-9
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