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Example of the HSPICE model card

.MODEL nch NMOS (

vth0 = 0.299

phin = 0.174

k1   = 0.442

eta0 = 0.757

. . . . . . .

.MODEL nch NMOS (

vth0 =‘0.299+dvth0’

phin =‘0.174+dphin’

k1   =‘0.442+dk1’

eta0 =‘0.757+deta0’

. . . . . . .

±0.005µdL

±1e12 cm-2
VtA-Vt-adjust 

implant dose

±1e12 cm-2
HD-Halo implant 

dose

±10oC
GOT-Gate oxidation 

temperature

Allowed 

VariationProcess Parameter .param

dvth0=                    +4e-3*GOT+3e-4*GOT2

+3e-14*HD-4e-28*HD2

dphin=-4*dL+70*dL2 -8e-5*GOT-2e-4*GOT2

-5e-16*VtA-9e-27*VtA2-6e-14*HD+3e-27*HD2

dk1  =                    +1e-6*GOT-3e-4*GOT2

-3e-17*VtA-7e-27*VtA2+5e-15*HD-1e-26*HD2

deta0=                    -1e-5*GOT+7e-4*GOT2

-4e-15*VtA-1e-27*VtA2-7e-15*HD-4e-27*HD2

. . . . . . . . . . . . . . . . . . . . . .

Nominal model card

Process-Dependant model card



NAND Delay Variation and Sensitivity

• Delay is most sensitive to Tox variation .

� Varies from -10% to +24% as ∆∆∆∆pox changes -100% to +100%

• The response to gate length variation (∆∆∆∆L) is relatively weak

� - 5% to +5% across the full range of ∆∆∆∆L variation.

• Variation around nominal process is non-symmetrical

� -10 % vs 24% for min and max variation.
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Ring Oscillator Frequency Variation

• Frequency is most sensitive to Tox variation.
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21 stage 2-INPUT NAND ring oscillator



Generation of Compact Spice Models

Nominal Condition:
Drawn gate Length = 90nm
Physical Gate Length = 65nm

N-Halo Dose Implant = 1.05e+13
P-Halo Dose Implant = 1.4e+13
N-Vt Adjust Implant = 6.0e+12
P-Vt Adjust Implant = 7.0e+12
Spike Temperature = 10500C

Gate oxidation Temp = 9000C

•Process and device simulation decks are obtained from the calibration team

128 Process conditions

Process simulation 

Device Simulation

I-V,C-V curves

Extraction

Spice

models

T
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Goal function which provides

process coefficients (A) and 

Nominal SPICE Model parameter

simultaneously

Problem Definition
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P is the process condition vector

M is the model parameter

A is the process coefficients

RMS error between TCAD (f
mes

)

And  extracted data (f
sim

) over all 

the process conditions (l) and 

over all the Bias conditions (k)



Example: how to find linear Process 
Coefficients
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Summary

• Process variables are built into compact 
spice models and accessible for circuit 
simulations.

• The core technology is an extraction 
engine based on calibrated TCAD 
simulations.

• Case studies demonstrated excellent 
quality of the modeling.  Process impacts 
to simple circuits are explored.


