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CMC History and Purpose

s CMC was formed in 1996 as a collaboration
of foundries, fabless companies, IDMs, and
EDA vendors

Foundry or : ICol_rr|1mer(:|(c§l_l or_ ‘ Fabless or
IDM's Eab n_- ouse Circuit > IDM_IC
Simulator Designer

= Compact models provide the connections.

= Standard compact models enable
efficiencies In this process.

IDM — Integrated Device Manufacturer




CMC Charter

To promote the
International, nonexclusive
standardization of compact
model formulations and the

model interfaces




CMC Vision

= Standardized compact models for all
major technologies so that customer
communication and efficiency can be
enhanced.

s Standard interfaces so that models can be
tested faster and implemented easier.

= Better compact models for the latest
technologies, allowing leading edge design
development cycles to shorten.




CMC Strategy

Examine, promote and standardize compact
modeling efforts based upon business
needs.

Encourage developers to dwell on current
and near-term problems that will advance
compact modeling.

Provide Iindustry resources for monitoring
and mentoring compact model development

Provide a standardization process to the
compact model developers




CMC standard models

m 1996 BSIM3 m 2012+

= 2000 BSIM4 = BSIM-CMG Multi-Gate MOSFET Model
= BSIM6 MOSFET Model

« 2002 BSIMSOI = HiSIM-SOI DDSOI MOSFET Model

s 2004 MEXTRAM = ETSOI MOSFET Model

s 2004 HICUM = BSIM-IMG & HiSIM models are

candidates

m 2005 R2 CMC

m 2006 PSP

s 2007 HISIM_HV

s 2007 R3 _CMC

= 2008 MOSVAR

= 2009 Diode CMC

= 2011 HiSIM2




CMC Models DO NOT remain static

= Most enhancements are requested by
members but they can also come from
the developer

= CMC decides which enhancements they
want to pursue

s CMC members test enhancements before
they are released as a standard
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CMC Member Benefits

s Influence selection and enhancements of standards

= Regular interactions with modeling experts from
other companies and universities.

= Full access to CMC website: www.geia.org/CMC---Council

= Most information produced since 2007 is only available to
members.
» Quarterly meeting minutes and presentations
+~ Subcommittee activity reports

» Some standard model codes

= University-supported standard model codes are
available to members and non-members.

The developer grants users a perpetual, irrevocable, worldwide,
non-exclusive, royalty-free license with respect to the software.
Users are granted the right to modify, copy and redistribute the

software and documentation.
Rz 11



Outline

Physics of BSIM6
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BSIM6: Charge based MOSFET model

= BSIMG6 is the next BSIM Bulk MOSFET model
= Charge based core derived from Poisson’s solution
= Physical effects (SCE, CLM etc.) taken from BSIM4
= Parameter names matched to BSIM4 parameters
= Gummel Symmetry (symmetric @ V,5=0)
= AC Symmetry
= Capacitances/derivatives are symmetric @V,s=0
= Continuous Iin all regions of operations
= Physical Capacitance model
= Short channel CV—Velocity saturation & other effects

= No glitches — smooth current and capacitance
o) € havior
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Physics of BSIM6 Model

= Using linearization approach and normalization

Other models ignored
circled terms

2n 7
20. +In(q,)+1In + 2 —2q.+r,ypﬂ=y/p—2¢f—vch
4

= No approximation to solve the charge equation

= We solved the charge equation using first &
second order Newton-Raphson technique to
obtain analytical expression of g;
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Drain current expression

= Drain current . zﬂw(_Qi d;Ps v %&j
X X

= Second order mobility model

ol W(—Q.%+V dij

I D — i T
2 dx dx
FET
Vsat

dx
= Using charge linearization & normalization
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Normalized Q;-V; & derivatives
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BSIM6 Model Development

Channel Length Mobility Short
Modulation and Degradation Channel Quantum
DIBL Effects Effects
Velocity
Saturation
Temperature
Effects
GIDL Current :
Fringe

Capacitances

Impact lonization
current

Direct tunneling  g/p Resistance/ Overlap

gate current Parasitic Noise models  capacitances
Resistance

All effects incorporated in BSIMG6.
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Mobility Model

= Mobility model has been adopted from BSIM4

Uo

Heiz =
1+ (UA+UC -V, )-EE’ + Ub .
2 qbs

where
s+ ETAMOB  for NMOS
?1_’} — Vs o 72 1 1 N -
L. ETAMOB for PMOS View = /VE +0.01 =01
. N ,
R (bs T 7] * qis Vise = — |:15 + T(Vds — Visz)
Eoppe=107%" 2
1 ( Eratio * Tox )




Output conductance

= DIBL Effect (from BSIM4)

1+ PVAG. 22— for PVAG >0

PV AG factor = . , (3.104)
7T sf::meﬁ for PVAG < 0

SR = 05 PDIB_;[’ . + PDIBL2 (3.105)

cosh (DROUT - %4} — 1
Gia + QkT/q I;dsat 1
7, _ (11— PV AG factor -
VabisL =g Y Vi T g+ 2kTg ) ACT T TP DIBLCE V.,
(3.106)
S -\

MprgL = (1 L Yas Idse”) (3.107)

Vaprsr
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CV Model
= Physical CV Model (including poly-depletion effect)

Ugpgm = Vg — Ufp — Up

v +2.q
Xs = \/0.25+ =
F}Q

Xd = \/025 + UVgpgm + 2- Qdef f

2
~
'g

_ VUgpgm +2¢s
T2 Short Channel CV
T, = Yopam + 2~ Gdefs Model has been added
14+2-x4
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lps VS Vy

I,V Gummel Symmetry Vo=V & Vs=Vy)

10

0.06 0.16 0

1%
LX]|p
dix2
=)
E=]
|

-0.08 LI Y I O I 0.08 0.3 LN I Y I B 25
-04 -03 02 01 0o 0.1 0.2 03 04 -04 -0.3 02 0.1 0.0 0.1 0z 03 04

1

dix4
I = &n 5
e b b b b baaag
dix6

SX|p

in

100 -3000 L I L L L L L B 6.0E4
-04 -03 02 0.1 00 0.1 0.2 03 0.4 -04 -0.3 02 0.1 0.0 0.1 .

02 03 0.4

v« All derivatives are continuous at V=0  *
(N+1 derivatives exist, where N=DELTA) 21




)
=
-
O
<
(A A
.

Harmonic Balance Simulation

BSIM6 gives correct slope for all harmonics
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Outline

s BSIMG6 results

23



Global Extraction Procedure

= Single set of parameters for entire range of length

= Accurate evaluation of next technology nodes

= Global extraction procedure has been developed
= 200+ parameters can’t be extracted using optimizer
= Step by step approach needed

— — — —

Parameter o Mobility & series — Vt roll-off & SS N Velocity DIBL

_,.,_

initialization resistance degradation saturation
: : : Temperature Output conductance
NQS, noise Gate / junction : :
4 | -
£ Done! |ﬁ R-G. etc K4 leakage current = and self-heating (=t GIDI__/smoothlng
effect function parameters

Gaamass GGaaas @G @Emum @G



BSIM6 Model Validation:
I,V at Vc=0.05V for different V.
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BSIM6 Model Validation: Width Scaling
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Conclusion

= Rapid development

= BSIM6.0.0 Beta7 released on 28t Feb. 2012

= From scratch to production level in 15 months!
= Charge based physical compact model

= Physical effects & Parameter names matched to BSIM4
- No new training required for engineers

= Smooth charge/current/capacitance & derivatives
= Model is symmetric and continuous around Vps=0
= Fulfills Gummel symmetry and AC symmetry
= Shows accurate slope for harmonic balance simulation

= BSIM4’s extraction methodology can be easily used
for BSIM6 - fast deployment & lower cost

( s Under standardization review at CMC
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BSIM-EPFL Collaboration

BSIM and EPFL groups have agreed to
collaborate on the long-term development
and support of BSIM6 as an open-source
MOSFET SPICE models for worldwide use.
This Iis an exciting opportunity to leverage
the long history and large user base of the
BSIM model with the long experience and
active role of EPFL for furthering charge-
based compact model.

29



