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I = G x V

density velocitycharge area

= q x n x v x A 

Section 28
MOS Electrostatics & MOScap

• 28.1 Background
• 28.2 Band diagram in equilibrium and with bias => MOScap
• 28.3 Qualitative Q-V characteristics of MOS capacitor
• 28.4 MOScap Induced charges in depletion and inversion
• 28.5 MOScap Exact solution of the electrostatic problem
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REF: Chapters 15-18 from SDF
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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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Recipe for numerical solution …
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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. 
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Exact Solution…
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Accumulation Depletion Inversion (weak)

Inversion (strong)

U:  2530
Charge density: -2.0  -400

Free charge 
moves to interface

Huge spike!  Hard to resolve numerically! Realistic?
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“Exact” solution is not really exact …
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Wave function should be accounted for

Bandgap widening near the  interface must 
also should  be accounted for. 

Assumption of nondegeneracy may not 
always be valid

wavefunction, not potential !
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“Exact” solution is not really exact … really

R. Bowen, Chenjing Fernando, Gerhard Klimeck, Amitava Chatterjee, Daniel Blanks, Roger Lake, 
J. Hu, Joseph Davis, M. Kularni, Sunil Hattangady, I.C. Chen,
"Physical Oxide Extraction and Versification using Quantum Mechanical Simulation"
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Conclusion

14

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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I = G x V

density velocitycharge area

= q x n x v x A 
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