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Outline

1) Derivation of the forward bias formula

2) Solution in the nonlinear regime

3) I‐V in the ambipolar regime

4) Conclusion)

Ref SDF Chapter 6Ref. SDF, Chapter 6
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Continuity Equations for p‐n junction Diode
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Will focus on this part today …

P P Pg
t q∂

P P Pqp E qD pμ= − ∇J

Alam  ECE‐606 S09 4



Applying a Bias: Poisson Equation
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Depletion Widths
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Flat Quasi‐Fermi Level up to Junction
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Various Regions of I‐V Characteristics
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Recall: One Sided Minority Diffusion
Steady statey

Acceptor doped

( )
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the problem where it 
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Boundary Conditions
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Right Boundary Condition
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Example: One Sided Minority Diffusion
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Electron & Hole Fluxes
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Total Current
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Outline

1) Derivation of the forward bias formula)

2) Solution in the nonlinear regime

3) I V in the ambipolar regime3) I‐V in the ambipolar regime

4) Conclusion
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Nonlinear Regime (3) …
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Flat Quasi‐Fermi Level up to Junction ?
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Forward Bias: Nonlinear Regime …
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Outline

1) Derivation of the forward bias formula

2) Solution in the nonlinear regime

3) I‐V in the ambipolar regime

4) Tunneling and I‐V characteristics

5) Conclusion)
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Region (2): Ambipolar Transport

( ) / 2AqV F Fp A
DD qVβ−Δ −Δ⎡ ⎤

⎢ ⎥
( ) / 2 ln(

2
)A n pqV F Fpn A

T i T
p n B

D qVJ q n e J
W W k T

βΔ Δ≈ − + ≈⎢ ⎥
⎢ ⎥⎣ ⎦

3ln(I)

2

3ln(I)

V

1

6,7

20

VA



Nonlinear Regime: Ambipolar Transport
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Outline

1) Derivation of the forward bias formula

2) Solution in the nonlinear regime

3) I‐V in the ambipolar regime

4) Tunneling and I‐V characteristics

5) Conclusion)
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Forward Bias Nonlinearity (7): Esaki Diode

2

3ln(I)

Fn Fp

2

1

23
Fn F

VA
6,7

empty
23

I

Fp

Heavy doping
I

Fn Fp

X
1

No states!

Alam  ECE‐606 S09

VA
p



Reverse Bias (5): Zener Tunneling
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Conclusion

1) I‐V characteristics of a p‐n junction is defined by many 

interesting phenomena including diffusion, ambipolar 

transport, tunneling etc.transport, tunneling etc. 

2) The separate regions are identified by specific features. 

Once we learn to identify them we can see if one or theOnce we learn to identify them, we can see if one or the 

other mechanism is dominated for a given technology. 

3) In the next class, we will discuss a few more non‐ideal 

effects. 
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