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Our goal in Unit 2 
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Unit 2: 
MOS electrostatics 
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Lecture 2.1 
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surface potential 

(arbitrary 
reference) 
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Accumulation, Depletion, and Inversion 
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flat band accumulation depletion/ 
inversion 
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Sheet charge in the semiconductor 
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depletion 

inversion 
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Lecture 2.2:  Depletion Approximation 
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Lecture 2.3:  Gate voltage 
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Threshold voltage 
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Gate voltage vs. surface potential:  depletion 
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approximate solution 
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Lecture 2.4: Flatband Voltage 
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Lecture 2.5: Mobile charge (bulk) 
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inversion charge 
mobile charge 
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Mobile charge vs. gate voltage 
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Lecture 2.6: Mobile charge (ETSOI) 
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Mobile charge vs. gate voltage 
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1) DIBL increases with decreasing L and increasing VDS 
2) SS may increase with decreasing L and increasing VDS 
3) Punch through is a severe 2D effect. 

Lecture 2.7: 2D electrostatics 
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2D electrostatics 

1) Effective doping 
 

2) Barrier lowering 
 

3) Geometric screening length 
 

4) Capacitor model (in lecture notes) 
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2D electrostatics 

p-Si 

n+ n+ 

“Transistors go Vertical,” 
IEEE Spectrum, Nov. 2007. 
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“Well-tempered MOSFET” 

3) Additional increases in VDS beyond 
VDSAT drop near the drain and have 
a small effect on IDS (small DIBL) 

2) region under strong 

    control of gate (m ~ 1) 
1)  
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Lecture 2.8: VS model revisited 
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1) 

2) 

3) 

4) 

5) 

Only 10 device-
specific 
parameters in 
this model: 



Subthreshold Swing 

Why is a small SS important? 
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Next:  The ballistic MOSFET 
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electrostatics 

transport 
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