MOSFETs Part 11: Saturation
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e The previous section shows that for high Vps,
current will decrease
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e Rather than the current starting to decrease, the
device enters what is called the saturation region

e This doesn't make sense
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e When the Drain Voltage \A) becomes large, the P-Bulk n+-
drain P-N Junction becomes heavily reverse Biased

e Alarge Depletion region forms around the drain

e The Drain Voltage can become so large that the inversion
charge is repelled
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e This happens when the gate Voltage is no longer large
enough to hold the inversion charge in place

e But if there's no inversion channel, how can current still
flow?
o Electrons are carried from the source through the
channel to the end of the inversion channel
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o The electric field in this region is very high due to the
high Drain Voltage
o The distance between the end of the Channel and the

drain is very small
o The electrons are swept across the junction in a similar
way to how minority carriers are swept across the base
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e The Surface Potential is given by:
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e We see it increases along the length of the device
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e We know inversion charge is given by:
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e The Drain Voltage where the Inversion Charge goes

to zero is when:
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e Filling this into the current equation:
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e The MOSFET Looks like a Current Source controlled
by the Gate Voltage:
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* |nreal devices, the end of the channel varies slightly with y=L
changing Drain Voltage A|/,, Ve>0
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O O
e This introduces a *slight* dependence on ]/p : |

e We model this with K, the channel length modulation

parameter:
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The Saturation current now lightly depends on Drain Voltage. We
model this as a resistance in series with the controlled current

source:
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Transistor Transfer Function
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Transistor Transfer Characteristic: ID VS. VDS
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