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Introduction
• The large number of the compact MOSFET model 

parameters necessitate an elaborate extraction 
process

• Problems of gradient-based methods:
Numerous local minima of the error function
Strong dependence on the initial values of 
parameters
Possibility of convergence outside physical range 
Numerical noise for computing derivatives
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MOSFET Model
• Long/wide devices only
• Subset of SP with 8 parameters is sufficient

µ -- effective mobility
W,L -- device dimensions
Cox -- oxide capacitance (per unit channel area)
qim -- inversion charge at potential midpoint
αm -- linearization coefficient;
Φt -- thermal voltage

Φss, Φsd -- surface potential at the source and drain ends of the channel
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Mobility Model
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µ0, µ1, θ, Cs, Xcor – model parameters
Vm – inversion charge at the potential midpoint
qbm – bulk charge density at the potential midpoint
Eeff – effective vertical field
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GA Overview

Start

Generate 
population
randomly

Calculate the 
decimal values for 
each parameter of 

each individual

Calculate the 
fitness values for 

each individual

Min. error<target

Select parents 
for next 

generation

Perform 
crossover with 
probability Pc

Perform 
mutation with 
probability Pm

End

Yes

No
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Table 1.  GA application (T=298)

1.29e-39.35e-41.927.76a.u.Error
0.00.573430noneCs

0.0440.05970.10.01V-1Xcor

2.5851.65850noneθ
0.8631.14330m/Vµ1

428.1566.9800300cm2/Vsµ0

-0.974-0.929-0.9-1.1VVfb

2.8752.5545.02.01017cm-3Nsub

3.9493.9284.13.9nmTox

Cs=0Cs≠0
Optimal

MaxMinUnitName
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Table 2. GA application (T=218)

6.5e-31.1e-31.927.76a.u.Error
0.00.62430noneCs

0.03440.07070.10.01V-1Xcor

3.9302.61550noneθ
0.8991.03830m/Vµ1

587.7750.5800300cm2/Vsµ0

-0.963-0.969-0.9-1.1VVfb

2. 5542.5545.02.01017cm-3Nsub

3.9283.9284.13.9nmTox

Cs=0Cs≠0
Optimal

MaxMinUnitName
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• In agreement with MOSFET physics the effect of Coulomb scattering 
is relatively small at room temperature: the error is reduced by 38% 
when CS≠0 is allowed (shown in Table 1).

• However the inclusion of the Coulomb scattering term (CS) improves 
the fitting for low temperature (T=-55o) by 490% (shown in Table 2).

---- Coulomb scattering term is needed if the reduced temperature 
operation is important

---- GA is useful for both parameter extraction and model 
development
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Table 3. LM application (T=298)

1.58e-32.8951.49e-30.26Error
0.9342.00.87891.0Cs

0.04030.040.04020.04Xcor

1.401.01.49482.0θ
1.67561.01.23171.0µ1

788.6400597.6600µ0

-0.9091-1.0-0.9415-1.0Vfb

1.8772.03.0173.0Nsub

4.533.93.614.0Tox

FinalInitialFinalInitial
LM2LM1

Name
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Results (1)
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Results (2)
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Results (3)
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Results (4)
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Conclusions
• GA – feasible to locate near-optimal solutions
• No convergence problems
• Physical based parameter ranges can be enforced easily
• Insensitive to the numerical noise
• Useful to explore the need for including new device physics
• Combination of GA and gradient-based method may save time but is 

less robust
- GA to obtain good initial values within physical range
- gradient-based method to refine the fit
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