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Where we are 

inversion charge 
mobile charge 
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MOSFET drain current 

We have been discussing QS and QD, but we need Qn as 
a function of surface potential and gate voltage.  
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Mobile charge (per cm3) 
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Mobile sheet charge (per cm2) 
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Mobile sheet charge (per cm2) 

valid above or below threshold 
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Mobile sheet charge: below threshold 
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Mobile sheet charge: above threshold 
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Mobile charge vs. surface potential 

inversion charge 
mobile charge 
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Subthreshold charge vs. gate voltage 
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(See Lecture 2.3 slide 11) 
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Subthreshold charge vs. gate voltage 
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Subthreshold charge vs. gate voltage 
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Subthreshold charge vs. gate voltage 

Below threshold, the 
“inversion” layer 
charge increases 
exponentially with gate 
voltage. 
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Above threshold charge vs. gate voltage 
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Mobile charge vs. gate voltage 
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Gate capacitance 

p-Si or n-Si p-Si or n-Si 
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Mobile charge vs. gate voltage 
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Example 

Lundstrom: Nanotransistors 2015 

On-current conditions: 

Oxide thickness: 
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CET 
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Why is it hard to bend the bands more than 2ψB? 

below threshold: 
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above threshold: 
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Mobile charge vs. gate voltage 

Is there a single expression that works  both below and 
above threshold? 

Yes – a numerical one – the “surface potential model” 
Yes – an empirical one – with some fitting parameters 
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Next lecture 

For bulk MOSFETs, we now understand how the mobile 
charge varies with surface potential and with gate voltage – 
both above threshold and below. 
 
What happens for modern (fully depleted) structures? 

silicon 

bottom oxide (BOX) 

(ETSOI: Source: IBM, 2009) (FinFET: Source: Intel, 2015) 22 
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