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1. Review

2. Induced charges in depletion and inversion

3. Exact solution of electrostatic problem

4. Conclusion

REF: Chapters 15-18 from SDF
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Threshold for Inversion 
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What happens when surface potential is 2φF ?
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A little bit about scaling ….
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Induced charges below Threshold
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Integrated charges below Threshold
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Charges above Threshold
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Linear Charge Build-up Above Threshold?
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• Small changes ψs in  changes Qi a lot ..
• Change in Qi changes Eox, because  Eox=Qi/κ0e0 
• Vox is large because Vox=Eox x0, i.e. most of the 

drop above 2ψF goes to Vox.
• Acts like a parallel plate capacitor,  hence the inversion equation.



Tunneling Current
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A step back: ‘Exact’ Solution of QS(ψS)
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Normalized Variable (to save some writing)…
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Normalized Variable (to save some writing!)
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Poisson-Boltzmann Equation
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Exact Solution (continued)
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How does the calculation go …

19

2 ( ) 2

2 2
0

1 ( , )( ,( ) )
U x

D
F

D

FF U Ug U Uxq dU
kT L L

  = ≡   ∫
E

0 0( , )s s B
G s s s

ox ox D
s F

k TV x x
qL

F U Uκ κψ ψ
κ κ

= + = +E

Begin with a surface potential

Calculate Us and then divide Us by N points.

Calculate g(U, UF) at those points 
and integrate to find F(Us,UF) 

Find VG. 



Exact Solution…
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Accumulation Depletion Inversion (weak)

Inversion (strong)



“Exact” solution is not really exact …
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Conclusion
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Our discussion today was focused on calculating the 
induced charge in the depletion and inversion region as a 
function of gate bias. 

We found that we could calculate the tunneling current 
from the inversion changes by using the thermionic 
emission theory. 

We also discussed the “exact” solution of the MOS-
capacitor electrostatics. The “exact” solution is 
mathematically exact, but not necessarily physically exact 
solution of the electrostatic problem. 
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