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O Abstract

A unified threshold-voltage-based (Vi-based) model, which maintains source-drain
symmetry and allows accurate prediction with smooth transitions (in function as well as
higher-order derivatives) across linear/saturation and weak/strong-inversion regions, is
presented. This has been achieved based on the idea of our previous unified source-
extrapolated Vi-based model but reformulated with bulk reference for the drain current.
The experimental data from a 0.18-um CMQOS shallow trench isolation technology
wafer is used for the verification of the model.

d Motivation

e Model symmetry and continuity across regions of operation are extremely
important in the mixed-signal and low-power applications.

e Does unified threshold-voltage-based regional model really suffer from symmetry
and continuity problems, or is it inherent to Vi-based models?
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Bulk- vs. Source-Referenced |4 Model
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Unified Regional I3 Model
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Gummel Symmetry
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O Unified source-extrapolated Vi-based with bulk-referenced /I, model
e Source/drain interchangable and exhibiting smooth transition at V, = 0.
e Source-extrapolated Vi-based model does not necessarily mean asymmetry.
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Model Continuity in Higher-Order Derivatives
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Omllas Smoothness
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Gummel Tree-Top Test
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Model Scalability and Predictability
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Conclusions
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0 Approach

Our previous source-referenced Vi-based (long-channel) drain current model is revised with bulk
reference to preserve the model symmetry.

The model has been extended to short-channel by adding all important short-channel and
reverse short-channel effects.

Gummel symmetry and tree-top tests are carried out to verify the model symmetry and continuity.

O Significance

Contrary to the general belief, source-extrapolated Vi-based regional model does not necessarily
mean asymmetry (i.e., asymmetry is not inherent in Vi-based model).

Model continuity across regions of operation is an important criterion for analog circuit design,
and our unified regional model has demostrated model smoothness with reasonable accuracy as
well as symmetry not only for functional behavior but also its higher derivatives (gm, 9as, 9m's Gas’)-

Our unified regional model is calibrated based on “technology characeterization” approach due
to being threshold-voltage based, which is “non-binnable” (i.e., binning is not an option). This
makes the model scalable with reasonable accuracy and predictive for important device
parameters such as I/l and gm/gys over the entire given technology.
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