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MOSFETs: Gradual Channel 
Approximation



Gradual channel approximation 
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ns = nt is the sheet charge at the interface.

Ohm's law



Gradual channel approximation 

http://lampx.tugraz.at/~hadley/psd/L10/gradualchannelapprox.php

differential equation for Vch

d s n yI Ztj Ztnev Zen E  



Gradual channel approximation 
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MOSFET Gradual Channel Approximation



Gradual channel approximation 

Valid in the linear regime (until pinch-off occurs at the drain).



MOSFET-saturation voltage 
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At pinch-off, dIds/dVds = 0
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A MOSFET in saturation is a voltage controlled current source.



MOSFET - saturation current 
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Use the saturation voltage at 
pinch-off to determine the 
saturation current



MOSFET (saturation regime) 
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MOSFET (linear regime) 
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Channel conductance in the 
linear regime. For small VD

 n ox G T D
ZI C V V V
L
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MOSFET (saturation regime) 
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A MOSFET in the saturation regime acts like a voltage controlled current source.
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Potential Electric field strength
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MOSFET (saturation regime) 
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Experimentally: channel length modulation 
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High frequencies 
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For large E, Ohm's law (j = neE) is not 
valid. The electron velocity saturates. For 
velocity saturation:
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