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How critical is the core How critical is the core 
model choice?model choice?

Qi-based? φs-based?
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Uniform dopingUniform doping

Long channelLong channel

Ideal GateIdeal Gate

Relatively easy to model thisRelatively easy to model this

This is what the core model deals withThis is what the core model deals with

Ideal insulatorIdeal insulator

DriftDrift--diffusion, GCA, constant diffusion, GCA, constant µµ,,
quasiquasi--static, Classical M., etc.static, Classical M., etc.
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+ + + + + + + + + + + + + + + + + + + + + + + +

GateGate
tunnelingtunneling

PDEPDE

QMEQME
- - - - - - - - - - - - -

BandBand--toto--bandband
tunnelingtunnelingNonNon--uniformuniform

channel dopingchannel doping

StressStress

BiasBias--dependentdependent
overlapoverlap

RextRext

But we need to model thisBut we need to model this……

FringeFringe
capscaps

SCESCE

JunctionJunction
capscaps
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1.1. Physically sound core modelPhysically sound core model
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MOSFET Model RequirementsMOSFET Model Requirements
(to be production worthy)(to be production worthy)

6. Simple, intuitive code6. Simple, intuitive code

2. Completeness: SCE, NCE, QME, PDE,  2. Completeness: SCE, NCE, QME, PDE,  
RSCE, IRSCE, Igg, I, Ibb, C, Covov,, RRextext, C, Cjj, NQS, noise, etc., NQS, noise, etc.

3. Efficiency3. Efficiency

4. Small (<100) set of model parameters4. Small (<100) set of model parameters

5. Scalability5. Scalability
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Model Accuracy vs. RealityModel Accuracy vs. Reality

How critical it is to achieve How critical it is to achieve 
model perfection for real model perfection for real 

applications?applications?
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Reality: process variationsReality: process variations

OverlapOverlap
Doping (RDF)Doping (RDF)

Poly CDPoly CD

ToxTox
LeffLeff

FringeFringe
capscaps
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Example 1: R2R Ladder CircuitExample 1: R2R Ladder Circuit
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Real devices requirements:Real devices requirements:
•• Long channel, uniform lateral doping, no gate leakage.Long channel, uniform lateral doping, no gate leakage.
•• Devices must be identical (no process variations).Devices must be identical (no process variations).

I5I4I3I2I1

Circuit should produce:Circuit should produce:
Iref  =Iref  = 2 I1  =  4 I2  =  8 I3  =  16 I4  =  32 I5  =  64 I62 I1  =  4 I2  =  8 I3  =  16 I4  =  32 I5  =  64 I6

Model requirement:Model requirement:
•• Correct linearization of  Correct linearization of  µ µ . Q. Qinvinv

(Klaassen, IEICE Trans. Electron., June (Klaassen, IEICE Trans. Electron., June ‘‘04)04)
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Model Influence on R2RModel Influence on R2R
““IdealIdeal””

Constant Constant µµ, no Ig, etc., no Ig, etc.
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Full modelFull model
(uniform doping)(uniform doping)
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Influence of NonInfluence of Non--Uniform Uniform 
Channel DopingChannel Doping

Large mismatch due to longLarge mismatch due to long--channel DIBL of channel DIBL of 
halo deviceshalo devices

FlatFlat--wellwell
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HaloHalo
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Process Variation InfluenceProcess Variation Influence
Vt of M5 changed by 3%Vt of M5 changed by 3%
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M5

Large mismatch due to Large mismatch due to 
Vt variationVt variation

Identical DevicesIdentical Devices
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Example 2: V-I Converter
Proposed as symmetry test,

D. Klaassen, IEICE Trans. Electron., June 2004

Vin

IR IR

+M1 M2

1V

1V 1V

-

+  Iout -

Model symmetry may Model symmetry may 
not be so critical (at not be so critical (at 
least for this circuit)least for this circuit)
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