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! Number of DC model parameters vs. the year of the introduction of the model
! Significant growth of the parameter number that includes geometry (W/L) scaling

Most recent versions of the EKV, PCIM and SP models are included
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Developments of the Compact Models
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1994: v2.0, first fully continuous model (12 parameters):
• continuous: weak/strong inversion, conduction/saturation
• symmetric forward/reverse operation: bulk reference
• drain current, capacitances, thermal noise, 1/f noise, NQS model
• mobility, velocity saturation, CLM, short-, narrow-channel effects

1995: v2.3 (16 parameters):
• improved short-channel effects, added substrate current

1996: new QS charge-conservative model (MOS-AK meeting, Nov. 96,Bremen)

1997: v2.6, applicable to deep submicron (0.25um) (18 parameters):
• coherent charge-based modeling of: static, QS, NQS effects and thermal noise
• reverse short-channel effect (RSCE)
• includes matching (statistical circuit simulation)

1999: v2.6, analytical NQS and polydepletion models

2000: EKV3 introduction (MOS-AK meeting, May 2000, Lausanne)

EKV Model Versions
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EKV v2.6 MOSFET Model

EKV v2.6 in summary:

" a physics based MOSFET model in the public domain.
" Design driven modeling concept dedicated 

to analog circuit simulation of submicron CMOS circuits.
" has < 20 intrinsic model parameters.
" used in industrial and academic design groups

EKV v2.6 available in major commercial circuit simulators:
AMI-spice, Antrim-AMS, Aplac, Eldo-Accusim, Intosoft,
Hsim, LTspice, MacSpice, Microsim-CapV, PSpice, NanoSpice,
NG-spice, Saber, SmartSpice, Smash, Spice-Opus, Spectre,
Star-HSpice, Synopsis, Spice3,  WinSpice.

on-going implementations: 
ADS & ICCAP, T-Spice,
MINIMOS (TU Vienna), TRANZ-TRAN (TU Budapest)
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EKV v2.6 Modeled Effects 

! Physics-based modeling of weak, moderate and strong inversion.

! Effects of substrate doping level, substrate effect.

! Vertical field dependent mobility.

! Common short-channel effects:

" velocity saturation

" channel length modulation (CLM)

" two-dimensional bulk charge-sharing for short-and narrow-channel effects

" reverse short-channel effect (RSCE)

" substrate current effects on drain conductance

! Short-distance matching for statistical circuit simulation.
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EKV v2.6 Model Structure
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EKV v2.6 Model Structure

A simple and useful relation can then be obtained between the inversion 
charge density and the surface potential in a differential form:

SOXI dnCdQ ψ⋅='' /

Consequently, the EKV model can also be considered
as a surface potential based model

! Schematic representation of the normalized inversion charge density
as a function of the channel voltage.

! Pinch-off voltage VP used in calculation of currents and charges
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EKV v2.6 Model Structure (cont.) 

Physical model basis leads to accurate description of transconductance-to-current 
ratio at all current levels allows coherent derivation of all model quantities including 
static, dynamic and noise modeling aspects.
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Purpose Name Description Units Example
 Process COX gate oxide capacitance per unit area F/m2 3.45E-3
 parameters XJ junction depth m 0.15E-6

DW channel width correction M -0.05E-6
DL channel length correction M -0.1E-6

 Doping & Mobility VTO long-channel threshold voltage V 0.55
 related parameters GAMMA body effect parameter V1/2 0.7

PHI bulk Fermi potential (*2) V 0.8
KP transconductance parameter A/V2 160E-6
E0 vertical characteristic field for mobility reduction V/m 80E6
UCRIT longitudinal critical field V/m 4.0E6

 Short- & narrow-channel LAMBDA depletion length coefficient (channel length modulation) -   0.3
 effect parameters WETA narrow-channel effect coefficient - 0.1

LETA short-channel effect coefficient - 0.3
Q0 reverse short-channel effect peak charge density A s/m2 500E-6
LK reverse short-channel effect characteristic length  m 0.34E-6

 Substrate current IBA first impact ionization coefficient 1 / m 260E6
 related parameters IBB second impact ionization coefficient  V / m 350E6

IBN saturation voltage factor for impact ionization - 1.0

EKV v2.6 Parameter set

18 Intrinsic Model Parameters: 
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Name Description Units Example
TCV threshold voltage temperature coefficient V/K 1.0E-3
BEX mobility temperature exponent - -1.5
UCEX longitudinal critical field temperature exponent - 0.8
IBBT temperature coefficient for IBB 1/K 9.0E-4

Name Description Units Example
KF flicker noise coefficient - 0
AF flicker noise exponent - 1

Name Description Units Example
AVTO area related threshold voltage mismatch parameter Vm - DEV=15E-9
AKP area related gain mismatch parameter m - DEV=25E-9
AGAMMA area related body effect mismatch parameter Vm)1/2 - DEV=10E-9

EKV v2.6 Parameter Set (cont.)

Completed with 3 matching parameters:

4 temperature parameters:

2 noise parameters:
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EKV v2.6 DC Parameter Extraction Methodology 

! Parameter extraction methodology established for EKV v2.6

! Sequential task performed from an array of transistors in the W/L plane.
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Specific Current Extraction

! Specific current ISPEC corresponds to intersection of strong 
and weak inversion asymptotes

! Not affected by:
CLM, high field mobility reduction, S/D extrinsic resistances
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Pinch-off Voltage Characteristic 
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! Pinch-off voltage measurement at constant current (IS/2)
! Gate voltage VG is swept and VP=VS is measured at the source for a transistor

biased in moderate inversion and saturation
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Short- and Narrow-Channel Effects on Vp-Vg

! Effects of short- and narrow-channels are analysed using
the charge-sharing approach.

! Corresponding parameters: LETA and WETA.

VTO 

LETA 

WETA 
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Reverse Short Channel Effect (RSCE)

! Defect enhanced diffusion during fabrication leads to RSCE.

! RSCE is modeled as a change in the threshold voltage depending on Leff

! Only two model parameters Q0 and LK.

0.5um CMOS example 0.25um CMOS example
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Mobility Model 

! Good behaviour for mobility reduction for both channel types.

! Substrate effect is correctly accounted for. 

! No back-bias dependence required.

Influence of KP and E0 on the transfer characteristics, respectively 
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Velocity Saturation

! A high lateral electric field in the channel causes the carrier velocity to saturate
and limits the drain current.

! Parameter UCRIT accounts for this effect.

Influence of UCRT on the output characteristics
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Channel-Length Modulation (CLM) 

! The relative channel length reduction depends on the pinch-off point
in the MOSFET channel near drain end.

! Depletion length coefficient (LAMBDA) models CLM effect.

Influence of LAMBDA on the output characteristics
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Impact Ionization Current 

! The substrate current is treated as a component of the total extrinsic current:

I D = IDS + IDB

! Substrate current affects the total extrinsic conductances, in particular
drain conductance (gDS).

Influence of IBA and IBB on the substrate current, respectively
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Transconductance to Current Ratio

! Excellent match from weak through moderate to strong inversion regions.
! Measurement and simulation comparisons show that gms/ID ratio

is technology independent.

0.5um CMOS example 0.25um CMOS example
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CV Modeling Example

! Consistent model for all charges and capacitances (G,D,S,B).
! Capacitances are valid in all operating regions, continuous,

and symmetrical at VDS=0

CV characteristics (Cgg, Cgd, Cgs, Ggb) of a large MOSFET
as function the the gate to bulk bias (VD=VS=0)
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Extraction Example: 0.18um CMOS

Output current: Id vs. Vd characteristics

Output conductance: gds vs. Vd characteristics
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Advances in EKV3 compact modeling include:

! polydepletion effect
! quantum-mechanics QM effects
! extended charge-based mobility model
! enhanced velocity saturation/CLM model (charge-based)
! improved short-channel effects: DIBL, weak inversion slope
! extended reverse short channel effect (RSCE) model 
! second order short/narrow channel effects
! gate current model
! gate induced drain leakage (GIDL)
! NQS effects
! short-channel thermal noise

EKV3: Extended Deep Submicron Model
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Summary

! The EKV v2.6 model and related parameter extraction methodology
have been developed at Electronics Lab of EPFL

! Design driven MOSFET modeling concept is dedicated to analog 
circuit simulation of the advanced CMOS circuits.

! The model is well suited for direct and optimization based extraction
as well as for statistical modeling tasks

! On-line model documentation at: http://legwww.epfl.ch/ekv

! Complete DC and CV EKV v2.6 model code is available
as generic c-code, and also in spice3 and Verilog-A formats

! The EKV3 developments are carried out by international modeling
team: EPFL Switzerland, NTUA Greece, ENSPS France 
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Appendix

NAME UNITS DEFAULT EXAMPLE ’LOWER’ ’UPPER’ ESTIMATION
COX F/m2 0.7E-3 3.45E-3 - - εSi / TOX
XJ m 0.1E-6 0.15E-6 0.01E-6 1E-6 XJ
DL m 0 -0.15*Lmin -0.5*Lmin 0.5*Lmin XL – 2 LD
DW m 0 -0.1*Wmin -0.5*Wmin 0.5*Wmin XL – 2WD
VTO V 0.5 0.7 0 2 VTO
GAMMA V1/2 1.0 0.7 0 2 (2qεsi NSUB)1/2 COX
PHI V 0.7 0.5 0.3 2 2Vt ln(NSUB/ni)
KP A/V2 50E-6 150E-6 10E-6 - U0 COX
E0 V/m 1.0E12 200E6 0.1/(0.4 TOX) - 0.2/(THETA TOX)
UCRIT V/m 2.0E6 2.3E6 1.0E6 25E6 VMAX/UO
LAMBDA - 0.5 0.8 0 3 -
LETA - 0.1 0.3 0 2 -
WETA - 0.25 0.2 0 2 -
Q0 As/m2 0.0 230E-6 0 - -
LK m 0.29E-6 0.4E-6 0.05E-6 2E-6 -
IBA 1/m 0.0 2.0E8 0.0 5.0E8 ALPHA VCR / LC
IBB V/m 3.0E8 2.0E8 1.8E8 4.0E8 VCR/LC
IBN - 1.0 0.6 0.4 1.0 -

NOTE: Parameters in this table suppose m (meter) has been chosen as length unit. Lmin and Wmin are the minimum drawn 
length and width of the transistors.  Example values are indicated for enhancement N-channel devices.

The EKV intrinsic model parameters can roughly be estimated from Spice level 2/3 parameters as indicated in the table below, if 
no parameter extraction facility is available. Attention has to be paid to units of the parameters. This estimation method can be 
helpful and generally gives reasonable results. Nevertheless be aware that the underlying modeling in Spice level 2/3 and in the 
EKV model is not the same, even if the names and the function of several parameters are similar. Therefore it is preferred if 
parameter extraction is made directly from measurements.

εox = 0.0345E-9  F/m, q = 1.609E-19  C, k = 1.381E-23   J/K             COXXJL Sic /ε=

εsi = 0.104E-9   F/m ni = 1.45E16   m-3 Vt = kT/q = 0.0259 V (at room temperature)
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