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Band bending depends on surface potential 

What gate voltage 
produced this surface 
potential? 
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Gate voltage and surface potential 
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MOS electrostatics 

• given ψS 
 
• determine QS 
 
• find VG 
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Surface potential vs. gate voltage 
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Threshold voltage 

The gate voltage needed 
to make: 
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A word about capacitance 
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Capacitor with two dielectrics 
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Depletion capacitance 

“metallic” plate 

“metallic” plate 
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Inversion capacitance 

“metallic” plate 
(inversion layer) 

“metallic” plate 
(Assuming that the 
inversion layer can 
respond to the small 
signal a.c. voltage.) 
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Approximate ψS vs. VG relation 

Below threshold: 

(depletion) 

approximate solution 
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Example 
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Surface potential vs. gate voltage 
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Recall: depletion example 

What gate voltage 
produced this 
surface potential? 
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Gate voltage 

✓ 
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Onset of inversion 

threshold voltage 16 
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Onset of inversion 
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Threshold voltage 

✓ 
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Wrap up 
1) The gate voltage induces charge in the 

semiconductor by bending the bands. 
 

2) There is a simple (exact) relation between the gate 
voltage and the surface potential, but must be solved 
numerically. 
 

 
3)  There is an approximate relation between gate 

voltage and surface potential that works well in 
depletion. 

 
 
4)  Next:  Discuss realistic MOS-Capacitors 19 
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