Surface-Potential-Based Modeling:
Indispensable for Compact Models

Mitiko Miura-Mattausch, Hiroshima University

® Origin of MOSFET Behavior
» Charges Induced on Nodes

® Origin of Induced Charges
> Potential Distribution in the MOSFET
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Surface Potential is the Basis for the
Self-Consistent Modeling
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Surface-Potential Distribution Reflects
Technology Dependence

Impurity Profile with Pocket Implant

Calculated Potential Distribution




Schematic Relationship
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Surface Potential is a Complicated Function
of Applied Voltages
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Surface-Potential Calculation

Solution of Poisson Equation:
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<> Exact lterative Solution: HiSIM
<> Approximate Analytical Solution: PSP
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Iteration does not Increase but Rather

Decrease Simulation Time

e published already in Jan. 1996 ( IEEE Trans. CAD/ICAS)

e A/D Converter: #Element=59723; #MOST=59432

memory[kb] # iteration CPU time
HiSIM 124234 30624 20:58:46
BSIM3v3 197634 51678 21:01:29
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Why Surface-Potential-Based Modeling?

(1) Capacitances
(2) Technology Variations
(3) Higher-Order Phenomena
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(1) Capacitances
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Capacitance Description Beyond the Pinch-off Point
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Potential distribution beyond the pinch-off point is a key

for determining advanced MOSFET capacitances.
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(2) Technology Variations
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Subthreshold characteristics are sensitive to technology variations.

ANsub ALgatelD.spm
Inter 7% 6.7%
Intra 1% 3.8%

HiSIM

11



(3) Higher-Order Phenomena

Thermal Noise: van der Ziel Description
based on Nyquist's Theorem
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Carrier distribution along the channel is required.
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No additional fitting parameter required for surface-potential model
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