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Outlook

-Motivation

-CMOS modelling activities at AMS.

-EKV 2.6 evaluation

– Implementation

– Benchmarks for different simulators.
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Motivation

austriamicrosystems AG:
Three SBUs:

Communication
Industry
Automotive
FSF

Foundry:
200mm, 100mm Wafer Fab

Process:
?0.35µm CMOS, SiGe BiCMOS,
HV CMOS, EEPROM, OTP, Opto

Products: ASICS, ASSP, Standard Linear.

Compact Modelling:
analog/RF and HV
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CMOS Compact Modelling at austriamicrosystems

-RF MOS models (nmosrf, pmosrf)

– BSIM3v3 sub-circuit

-Standard analog/ms MOS models (NMOS ,PMOS)  [1]

– BSIM3v3, “physical”, “predictable”, scalable, no binning

-HV MOS model [2,5]

– BSIM3v3 sub-circuit

-RF MOS varactor model [3]

– BSIM3v3.2 sub-circuit
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 Statistical modelling
Worst Case Models 

and Simulation Setup
• MOS transistor (BSIM3V3):
  tm, wp, ws, wo, wz

wp

wo ws

wz

Statistical Corner Models 
and Simulation Setup [4]

• Based on full process control data statistics.

• Corner wafer selection by multivariate
  ranking algorithm ( location depth method ).

Transformation of MAP parameters to 
   simulation parameters.

MC and Mismatch Models

• Pelgrom’s Low for geometry dependency

• Variance Model for the voltage dependency.
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Simulator
Integration

Spectre, Eldo, ..

 Testchips,
SLM

DESIGN
HIT-Kit, Customer

Process Characterisation

    Simulator Integration Flow

Device Models
Measurement

Parameter Extraction
Statistical Modelling

Statistical
Process Data

MAP-Parameters

Process
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 Simulator Model Generation Flow

Parameter Database
modn,modp,rpoly1,cpoly...

Generation Program 

Simulator 1
e.g. Spectre

Typical Worst Case  Monte Carlo Stat. Corners

Simulator2 Simulator 3

30 processes

20 000 model files
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Circuit Simulators and Models
Model

MOS Bipolar Statistical
simulationSimulator

BSIM3v3 VBIC Monte Carlo
Matching

Agilent ADS v2001 v2001

Eldo 5.9 5.9
(level 21) 5.9

EldoS 5.9 5.9
(level 21)

Hspice 2001.5
level49

Pspice v9.1

SmartSpice 2.0.8.C 2.0.8.C

Saber 4.3

Smash 4.3.5
(level 8)

4.3.5
(level 2)

Spectre 4.4.6 4.4.6 4.4.6

SpectreS 4.4.6 4.4.6 4.4.6
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Why AMS is interested in EKV?

-Need of a physical scalable analog/ms model for future process generations.

-Extendable for HV and RF applications.

-EKV can fulfil the AMS statistical modelling concept.

– WC Corner, MC, Matching, Statistical Corner modelling.

– The need of transforming PCM parameter to SPICE parameter.
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Evaluation Target EKV2.6.III

-Implementation in the Matlab environment

– Faster parameter extraction.

– Better understanding of the model.

-Parameter extraction for sophisticated processes.

-Comparison with state-of-the art.

-Simulator benchmarks.
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EKV 2.6.III – MATLAB Implementation

MATLAB vs. C-Code (Referenzcode):- Sucessfule Matlab implementation.

-  Rendom error between Matlab and C-Code

-Full implementation of EKV2.6 in the AMS Matlab
parameter extraction environment.

-Development of a parameter extraction strategie.

-Extraction of full parameter sets for 0.8um and
0.35um CMOS processes.
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Parameterextraktionsstrategie für EKV 2.63

Ergebnisse für 0.35µ PMOS



15

st
ric

tly
 co

nf
id

en
tia

l c
op

yr
ig

ht
 ©

20
03

 a
us

tri
am

icr
os

ys
te

m
s A

G

Parameterextraktionsstrategie für EKV 2.63

Ergebnisse für 0.35µ PMOS
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EKV2.6 and BSIM3v3 Cgx Caps.
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Analoge Circuit: OPAMP

Results:
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Comparison EKV 2.6 und BSIM3v3

– EKV 2.63

- Faster Parameter Extraction (less parameters)

- Physical parameters

- Correlation of the parameters is low

- EKV 2.63 parameter fit not always acceptable.

o Especially for extreme geometries.

– BSIM3v3.2

- Higher amount of parameters ?  time consuming Parameter Extraction

- Not all parameters are physical

- Most parameters are correlated.

- Excellent fitting results.
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Simulator Benchmark

E.g. BSIM3v3 Simulator Benchmark
Eldo - HSPICE

Our Criteria
– error < 0.5%
– no systematic error

AMS Benchmarks MOS:

– idvd, idvg, gm, gds, gmb

– 1/f noise, Cxy, Cgg transient

– ring-oscillator-delay, temp
modelling
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EKV 2.6 Simulator Benchmark

Parameters downloaded from the EKV web side.

Systematic error between c-code and Eldo-Spectre-
HSPICE.

Error > 2.5 %

Spectre
 v. C

-Code

Eldo
 v. 

C-Code

Eldo  v. S
pec

tre

Matlab  v. C
-Code
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EKV 2.6.III Comparison

C-Code
Matlab Spectre

C-Code=Matlab ?  ? 2.5% 

Spectre ? 2.5% ? 

? 3% ? 0.3%

HSPICE ? 3% ? 2.5%

Eldo

Eldo

? 3% 

? 0.3%

?

(=)

HSPICE

 ?  3%

-

(=)

?
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Summary

-EKV 2.6 project:  “Diploma Thesis” to get in touch with EKV

-EKV 2.6 do not fulfil the requirements concerning simulator implementations.

-Fitting results not acceptable in general.

-Applicable as second advanced analog model.

-AMS is looking for EKV 3.0


