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Lecture 14

• Last time:
– MOS field effect transistor (MOSFET) current-

voltage characteristics

• Today :  quantitative models for ID(VGS,VDS) 
for :
– Square-law MOSFET model
– Linear MOSFET model
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Finding ID = f (VGS, VDS)
• Approximate inversion charge QN(y):  drain 

is higher than the source less charge at 
drain end of channel
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Inversion Charge
)()0()( LyQyQyQ NNN =+=≈

)()0( TnGSoxN VVCyQ −−== == )( LyQN

)( TnGDox VVC −−
Average inversion charge:

DSGSGD VVV −=
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Drift Velocity and Drain Current
“Long-channel” assumption:  use mobility to find v

LVyVyEyv DSnnn /)/()()( µµµ =∆∆−−≈−=

Substituting:

≈−= ND WvQI
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Square-Law Characteristics

Boundary:  what is ID,SAT?
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The Saturation Region
When VDS > VGS – VTn, there isn’t any inversion
charge at the drain … according to our simplistic model

Why do curves
flatten out?
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Square-Law Current in Saturation
Current stays at maximum (where VDS = VGS – VTn = VDS,SAT)

ID =

Measurement:  ID increases slightly with increasing VDS
model with linear “fudge factor”

ID,SAT =
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Linear MOSFET Model
Channel (inversion) charge:  neglect reduction at drain

Velocity saturation defines VDS,SAT = Esat L = constant

- vsat / µnDrain current:

)],()[(, TnGSoxsatNSATD VVCvWWvQI −−−=−=

|Esat| = 104 V/cm, L = 0.12 µm VDS,SAT =  0.12 V!
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Linear MOSFET in Saturation

)1)((, DSnTnGSoxsatSATD VVVWCvI λ+−=

Implication of weaker dependence on VGS:
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