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-Motivation
-CMOS modelling activities at AMS.
-EKV 2.6 evaluation
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— Implementation

- Benchmarks for different simulators.
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austriamicrosystems AG: = e
Three SBUs: e
Communication _—
Industry
Automotive
FSF
Foundry:
200mm, 100mm Wafer Fab
Process:
?0.35um CMOS, SiGe BICMOS,
HV CMOS, EEPROM, OTP, Opto
Products: ASICS, ASSP, Standard Linear.

003 austriamicrosystemsAG

Compact Modelling:
analog/RF and HV
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CMOS Compact Modelling at .lng*

-Standard analog/ms MOS models (NMOS ,PMOS) [1] i
— BSIM3v3, “physical”, “predictable”, scalable, no binning ‘! e
-RF MOS models (nmostf, pmosrf) —
~ BSIM3v3 sub-circuit e ' L | o
| oo
-HV MOS model [2,5] o 3
- BSIM3v3 sub-circuit | o | >
-RF MOS varactor model [3]
- BSIM3v3.2 sub-circuit ‘;
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Statistical modelling | | |
WO WS

* MOS transistor (BSIM3V3):

tm, wp, ws, wo, wz

] .H

* Based on full process control data statistics.

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

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

/— WiL = 05/0.3
/— WiL = L 5/0.8)

'_/_ WL = 510.3
T wiL=an

* Pelgrom’s Low for geometry dependency

e WL =L

» Variance Model for the voltage dependency]| .
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DeVice |\/|Od€|S Simulator
Measurement -
Parameter Extraction Integ ration

Statistical Modelling

Spectre, Eldo, ..

1

DESIGN
HIT-Kit, Customer
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Simulator Model Generation ﬂ_-.“‘

Parameter Database
30 processes

Generation Program \

Vs \

Typical Worst Case Monte Carlo Stat Corners

20 000 model files
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Model

Statistical
simulation

Simulator MOS Bipolar

BSIM3v3 VBIC Monte Carlo
Matching
Aqilent ADS v2001 v2001
5.9
Eldo 59 (level 21) 5.9
5.9
EldoS > (level 21)
Hspice 2001.5 o
. level49 3
Pspice vo.1 é
SmartSpice 2.0.8.C 2.0.8.C ;
Saber 4.3 %
435 435 £
S (level 8) (level 2) ;g
Spectre 4.4.6 446 4.4.6 :
SpectreS 4.4.6 4.4.6 4.4.6
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=\ViouyaLion
=COS Mouelling acuVIES altAlVISH
~-EKV 2.6 evaluation

— Implementation

8 BEnchmaKsSguIgdiiierenssimul s
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Why AMS is interested in EKV? | | (1|

-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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-Implementation in the Matlab environment

- Faster parameter extraction.

- Better understanding of the model.

-Parameter extraction for sophisticated processes.

systemsAG

-Comparison with state-of-the art.

-Simulator benchmarks.
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5KV 261 MATLAB Implementation |||

- 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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MATLAB vs. C-Code (Referenzcode):
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Ergebnisse flr 0.35u PMOS
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Parameterextraktionsstrategie filf EKV 2.63 .ll‘

Ergebnisse flr 0.35u PMOS
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T T L] T T L] T L] -t -
2.21 ial -______..-—""" ]
I 16} = i
1.8 } 1
14} g g
16} 1+
121 ot 2
<4 =
w 1.2f sl e T i
8 & ———
| 2r At 2
oeF M et === el g e e
0.6 ] Al ’-H W- i
94T 1l "“—'—Iﬂiﬂd:"‘""+' 1 1t rEE N 3+ g =
et 2 [ f . i H i e T i
02 - . T ] :-l_: I
b ok B Lt = 1 L 1 1 1 1 1
= - e B o = R 05 1 15 z 2.6 a aE
' ~ _vps/sv : : VDSV

strictly confidential copyright ©2003 austriamicrosystems AG




austriamicrosystems

EKV2.6 and BSIM3v3Cgx Caps. | | | ||
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__Analoge Circuit: OPAMP . | | |

Results:
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G ' EKV 2.63 | BSIM3v3.2 | Measurement
s i Open Loop Gain 105 dB 103 dB 102 dB
\ Gain Bandwidth | 0.28 MHz 0.29 MHz 0.294 MHz
1 == Phase Margin 69 deg 70 deg 68 deg
™ t Hq\ Gain Margin -21.2 dB -25.6 dB -
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Bias and Pawer Down

Millerkemp. Clasz & Quiput Stage
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- EKV 2.63

Faster Parameter Extraction (less parameters)
Physical parameters

Correlation of the parameters is low

EKV 2.63 parameter fit not always acceptable.

0 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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S\Viouvation
=COS Mouelling acuVIES altAlVISH
-EKV 2.6 evaluation

-l llginanizior]

- Benchmarks for different simulators.
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E.g. BSIM3v3 Simulator Benchmark
Eldo - HSPICE

Our Criteria

— error<0.5%
- No systematic error

AMS Benchmarks MOS:
- idvd, idvg, gm, gds, gmb

- 1/fnoise, Cxy, Cgg transient

ring-oscillator-delay, temp
modelling

nfidential copyright ©2003 austriamicrosystems AG

strictly col

a feap afwead in mixed signal




austriamicrosystems
Il-lllﬁ-

ELDO s, Spectre {(—)

Parameters downloaded from the EKV web side. oast

. &
Systematic error between c-code and Eldo-Spectre- 2 “%Q
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Error>25%
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EKV 2.6.11l Comparison
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-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
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