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Model RequirementsModel Requirements
High Speed Logic
Requires Concurrent Design 

Requires Model before Silicon is available
Narrow Width Effects are Critical
Long Channel, Analog Applications are 
important but not critical



IBM Microelectronics

MethodologyMethodology
Start with a model fit to "good" silicon
Global model for L and W scaling

Generate a set of device targets
Adjust the model to:
Hit the new targets
Preserve the IV "shape"
Remain physically reasonable
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Targets -- GeneralTargets -- General

Vdd -- Nominal operating voltageVdd -- Nominal operating voltage
Delta L Delta L 
Delta L toleranceDelta L tolerance
Delta WDelta W
Tox - physicalTox - physical
Tox - electricalTox - electrical
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Targets -- Body CurrentsTargets -- Body Currents

Diode forward currentDiode forward current
Diode reverse currentDiode reverse current
Peak Impact Ionization current (as a fraction Peak Impact Ionization current (as a fraction 
of drain current)of drain current)
Gate tunneling current - inversion Gate tunneling current - inversion 
Gate tunneling current - accumulationGate tunneling current - accumulation
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Targets -- Threshold VoltagesTargets -- Threshold Voltages

Linear  and Saturated Vt L=longLinear  and Saturated Vt L=long
Linear  and Saturated Vt L=nominalLinear  and Saturated Vt L=nominal
Linear and Saturated Vt L=minimumLinear and Saturated Vt L=minimum
Body Effect L=nominalBody Effect L=nominal
Temperature Sensitivity of Vt (mV/Temperature Sensitivity of Vt (mV/ooC)C)
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Targets -- Drain CurrentsTargets -- Drain Currents

Ion L=nominal & L=minimumIon L=nominal & L=minimum
Ioff L=minimum & L=nominalIoff L=minimum & L=nominal
Linear current L=nominalLinear current L=nominal
Linear current L=minimumLinear current L=minimum
Switching current L=nominalSwitching current L=nominal
Temperature Sensitivity of Ion Temperature Sensitivity of Ion 
Temperature Sensitivity of Linear CurrentTemperature Sensitivity of Linear Current
Temperature Sensitivity of Ioff Temperature Sensitivity of Ioff 
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Targets -- Narrow Channel EffectsTargets -- Narrow Channel Effects

Linear VtLinear Vt
Saturated VtSaturated Vt
IonIon
IoffIoff
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Subthreshold SlopeSubthreshold Slope
Ioff, S and Vt must all Ioff, S and Vt must all 
be consistentbe consistent
110 110 m m S S mm 60 60 
(mV/decade)(mV/decade)
SSLminLmin  m m SSLnom Lnom 

Trend of S(L) & S(T) Trend of S(L) & S(T) 
consistent with Vt(L) consistent with Vt(L) 
& Vt(T)& Vt(T)
S(W) Approximately S(W) Approximately 
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On currentsOn currents

Ion } (Vdd-Vt)/Leff
Pocket implants make Ion rise more slowly than 
this as Leff decreases

Ion(Weff) } Vdd-Vt(Weff)
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Body Voltage Controls:Body Voltage Controls:

Silicon Dioxide

Silicon

Contact

Contact

Contact

electrically floating

Source N+ Drain N+

body P-

Gate

Threshold VoltageThreshold Voltage
History EffectHistory Effect
Parasitic BipolarParasitic Bipolar
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Body voltage vs Drain voltage
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Diode and Gate currentsDiode and Gate currents
Body voltage vs. Drain Voltage
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Diode and Impact IonizationDiode and Impact Ionization
Body vs Drain voltage
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Gm, Gmbs, Gds all positiveGm, Gmbs, Gds all positive

On long channel, linear Vg sweep gm On long channel, linear Vg sweep gm 
appears negativeappears negative
gm can show a second hump due to gate gm can show a second hump due to gate 
currentcurrent
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Effect of gate current on gmEffect of gate current on gm
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Width Dependence ChecksWidth Dependence Checks

For very wide W For very wide W 
Vt constantVt constant
I/W constantI/W constant

For Narrow WFor Narrow W
(Ion, Ioff, Iswitch) vs. W monotonic(Ion, Ioff, Iswitch) vs. W monotonic
Ion/W, Ioff/W, Iswitch/W vs W monotonic Ion/W, Ioff/W, Iswitch/W vs W monotonic 
unless data says otherwiseunless data says otherwise
Vt vs W monotonic unless data says otherwiseVt vs W monotonic unless data says otherwise
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W Dependence ChecksW Dependence Checks
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L Dependence ChecksL Dependence Checks

Very long LVery long L
(Ilin, Ion) (Ilin, Ion) i i 1/L1/L
Vtlin, Vtsat constantVtlin, Vtsat constant

Short LShort L
No inflection in Ion curveNo inflection in Ion curve
Ion Ion }} (Vdd-Vt)/Leff(Vdd-Vt)/Leff
Ioff peak < 2*Ioff valleyIoff peak < 2*Ioff valley
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L Dependence of IoffL Dependence of Ioff
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Implementation -- Phase IImplementation -- Phase I

Targets are generated and checkedTargets are generated and checked
Diode currents are adjusted to targetDiode currents are adjusted to target
Gate currents are adjusted to targetGate currents are adjusted to target
Vbody vs Vdrain checks are performedVbody vs Vdrain checks are performed
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Implementation -- Phase IIImplementation -- Phase II

Vt and Id targets are fit by global Vt and Id targets are fit by global 
optimization with constraintsoptimization with constraints

Geometry checksGeometry checks
gm, gmbs checksgm, gmbs checks
Vbody with Impact Ionization checksVbody with Impact Ionization checks
IV curve shape checksIV curve shape checks
Minimum parameter change goalMinimum parameter change goal
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Implementation -- Final TestImplementation -- Final Test

All physicality tests are repeated on the All physicality tests are repeated on the 
model just before releasemodel just before release
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SummarySummary

This paper outlines the checks required to 
ensure a partially depleted SOI model built 
without the aid of representative hardware is 
physically reasonable.  This allows device 
design and circuit design to proceed in parallel


