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COMON: Compact Modeling Network 

n  Marie-Curie Industry  
Academia Partnership  
and Pathways project 
(IAPP FP7 ref. pro. 218255) 

n  Duration: 4 years 
started from Dec. 2008. 

n  Coordinator:  
Prof. Benjamin Iñiguez  
(URV Tarragona, Spain) 
benjamin.iniguez@urv.cat 

More information available on-line: http://www.compactmodelling.eu 



COMON Project – Goals 
n  To address the full development chain of Compact Modeling,  

to develop complete compact models of  
¨  Multi-Gate MOSFETs (Foundry: Infineon - D) 
¨  HV MOSFETs (Foundry: Austriamicrosystems - A)  
¨  III-V FETs (Foundry: RFMD - UK). 

n  Development of complete compact models for these types of advanced 
semiconductor devices. 

n  Development of suitable parameter extraction techniques  
for the new compact models. 

n  Implementation of the compact models and parameter extraction 
algorithms in automatic circuit design CAD tools. 

n  Demonstration of the implemented compact models by means of their 
utilization in the design of test circuits. 

n  Validation and benchmarking: compact model evaluation for analog, 
digital and RF circuit design: convergence, CPU time, statistic circuit 
simulation. 

n  Facilitate the mobility of young researchers (secondments, recruitments), 
exchange of knowledge, organization of training courses 



SEL  Stuttgart  1989 
::::::   
AMS  Premstaetten  12/05/95 
FH  Esslingen  16/02/96 
UNI  Bremen  22/11/96 
BOSCH  Reutlingen  19/09/97 
ELMOS  Dortmund  08/05/98 
ALCATEL  Stuttgart  26/02/99 
ZMD  Dresden  26/11/99 
LEG  Lausanne  26/05/00 
Infineon  Munich  05/03/01 
AMS  Premstaetten  19/11/01 
MIXDES  Wrocalw  20/06/02 
XFab  Erfurt  21/10/02 
STM  Crolles  05/05/03 
ESSCIRC  Estoril  15/09/03 
Uni Stuttgart  Stuttgart  07/05/04 
ESSCIRC  Leuven  20/09/04 
InESS  Strasbourg  08/04/05 
ESSCIRC  Grenoble  16/09/05 
Agilent  Stuttgard  24/04/06 
ESSCIRC  Montreux  22/09/06 
AMS  Premstaetten  20/04/07 
ESSCIRC  Munich  14/09/07 
MiPlaza  Eindhoven  04/04/08 
ESSCIRC  Edinburgh  19/09/08 
CMC/IEDM  San Francisco  13/09/08 
IHP  Frankfurt/Oder  2-3/04/09 
ESSCIRC  Athens  18/09/09 
CMC/IEDM  Baltimore  09/12/09 
Uni Roma  Rome  8-9/04/10 
ESSCIRC  Seville  17/09/10 
CMC/IEDM  San Francisco  08/12/10 
IWCM DAC  Yokohama  25/01/11 
UPMC/LIP6  Paris  7-8/04/11 
ESSDER  Helsinki  16/09/11 
CMC/IEDM  Washington DC  7/12/11 
JIIT  Noida  16-18/3/12 
Fraunhofer IIS  Dresden  26-27/4/12 
ESSDERC  Bourdeaux  21/9/12 
CMC/IEDM  San Francisco  Q4/2012 

AMS 

FE 

U.Bremen 

BOSCH 

ELMOS 
ALCATEL 

ZMD 

EPFL 

Infineon 

XFab TU Wroclaw 

Estoril 

STM 

Leuven 

Grenoble 

Strasbourg 
Montreux Munich 

Edinburgh 

IHP 

Athens Seville 

Rome 

Helsinki 

Paris 

www.mos-ak.org 

MOS-AK World Tour 



MOS-AK/GSA Mailing List 

http://groups.google.com/group/mos-ak 



Open Source CAD 
for Compact Modeling 

Wladyslaw Grabinski   
Daniel Tomaszewski 
Adrian Ionescu 
Editors 

MOS-AK Modeling Books 



Special MOS-AK/GSA & IWCM Issue 
IETE Technical Review is a bimonthly journal which publishes 
state-of-the-art review papers and in-depth tutorial papers on 
current and futuristic technologies in a lucid language. Occasional 
special issues are brought out treating current research areas in 
more depth and breadth 
<http://tr.ietejournals.org/> 

Special MOS-AK/GSA Rome Issue 
Microelectronics Journal is an international forum for the 
dissemination of the latest and most innovative research into, and 
applications of, microelectronics. Papers published in 
Microelectronics Journal have undergone a rigorous and efficient 
peer review process to ensure quality, originality, relevance and 
timeliness. The journal thus provides a worldwide, regular and 
comprehensive update on microelectronics  
<http://ees.elsevier.com/mej/>  

MOS-AK/GSA Journal Publications 



DG MOSFET / FinFET Modeling 



Symmetric undoped DG MOSFETs 

The modeled effects:  
n  Short channel effects (SCEs) 

p  Threshold voltage roll-off (charge 
sharing)  

p  Drain-Induced Barrier Lowering 
(DIBL)  

p  Subthreshold slope degradation  
n  Mobility degradation  
n  Drain saturation voltage  
n  Velocity saturation  

p  Channel length modulation 
n  Quantum-mechanical effects (QMEs)  
n  Inter-electrode charge coupling 

Static (charge, current), Dynamic (small signal parameters, conductances 
transcapacitances) models with a very few number of parameters have been 
developed and validated 



n  A fully 2D/3D predictive technology-oriented semi-analytical model based 
on isomorphic functions and conformal mapping (UniK/URV); 

n  A “mixed” predictive design-oriented model of symmetric undoped 
DG MOSFETs (UdS/EPFL/URV); 
p  it evolves from a quasi-2D model for DG MOSFET into a quasi-3D 

technology-oriented model for Tri-Gate MOS structures; 
p  it is explicit and very few fitting parameters have been used; 

n  A purely design-oriented model of symmetric doped DG MOSFETs based 
on 1D electrostatic analysis (UCL/URV/CINVESTAV); 
p  semi-empirical equations with fitting parameters for short-channel 

effects (SCEs); 
p  it can work for FinFETs and Tri-Gate MOSFETs if they are narrow 

enough. 

DG MOSFET / FinFET Modeling 



IV, gm DC model validation 



Transcapacitance model validation 



HV-MOST Modeling 



HV-MOST Modeling 

n  HV-MOS: two parts 
¨  Connection point: ‘K’ 
¨  Doping changes type between 

channel and drain 
n  Low-voltage part 

¨  inner MOSFET  
n  inner drain is ‘K’ 
n  Lateral Non-Uniform Doping 

n  High-voltage part 
¨  Drift region 

n  Typically an R or a JFET 
n  A physics-based model 

Drain Gate Source Sub 

low-voltage part  
inner MOS 

high-voltage part  
drift region 

K 

p 

n 

HV-MOS macromodel 

 TCAD: 2D LDMOS 



HV-MOST Macromodel 

n  Low-voltage part / INNER MOS 
¨ any compact MOSFET model 

n  Lateral Non-Uniform Doping 

n High-voltage part / DRIFT region 
¨ A physics-based analytical compact model 

n  Charge and potential analysis 
¨ Poisson’s equation 
¨ Boltzmann’s equation  
¨ Drift-Diffusion model 



HV-MOS Model Implementation 

n Code written in Verilog-A 
¨ Version of the model: 1.101 

n  Under constant development and experimenting 
¨ Hierarchical structure of files 

n  1 main file  
¨  615 lines 

n  6 called-in files 
¨  definitions, parameters, variables,  

functions, debugging etc. 
¨  1000 lines in total 



HV-MOS TCAD: ID vs. VG 

Device: LDMOS: L = 500nm W = 1um Tox = 15nm 



HV-MOS TCAD: ID vs. VD 

Device: LDMOS: L = 500nm W = 1um Tox = 15nm  



DC Measurements: VDS=0.1V 

Device: LDMOS L = 400nm W = 40um Tox = 
15nm  



DC Measurements: VDS=35V 

Device: LDMOS: L = 400nm W = 40um Tox = 15nm 



HV DC Measurements 

Device: LDMOS: L = 400nm W = 40um Tox = 15nm  



HV-MOST Evaluation Conclusions 

n HV-MOST TCAD 
¨ Consistent physical behaviour of the model 
¨ Correct VK behaviour 
¨ Nice overall agreement with both cases 

n  Simplified 
n  Realistic  

n HV-MOST Measurements 
¨ High level agreement with electrical data 



III-V HEMT Modeling 



Advanced III-V HEMT Modeling 

n  Current (I-V) Model 
¨  Accurate modeling of I-V characteristics and derivatives 
¨  Inclusion of electrothermal & frequency dispersion effects 
¨  Applicable to GaAs and GaN HEMTs, and to Si LDMOS FETs 
¨  Effective parameter extraction and fitting routines 
¨  Modeling of IMD figures of merit using Volterra series analysis 

n  Charge (C-V) Model 
¨  Based on the proposed I-V model  
¨  Satisfying the charge conservation criterion 

n  Noise Modeling (Future Work) 
n  Non-linear HEMT Models 

¨  Design of modern microwave circuits and systems 
¨  Intermodulation Distortion (IMD) 



Model Advantages 
n  Continuous – closed form expression  
n  Accurate modeling of I-V characteristics and derivatives 
n  Simple parameter extraction & fitting procedure 

¨  2 parameters obtained directly from experimental extraction 
¨  Two pairs of parameters independently fitted 
¨  Self-heating & frequency dispersion effects 

n  Applicable to a variety of low- and high-power RF 
devices 
¨  GaAs; GaN HEMTs; LDMOS FETs; 



Selected IV Curves 

0.25µm gate-length GaAs pHEMT 
VGS : -1.2V to -0.4V; Step = 0.1V 

0.35µm gate length GaN HEMT 
VGS : -4V to 0V; Step = 1V 

LDMOS FET from 
VGS : 3 and 5V 

Pulsed (300K) 

Electrothermal DC 



IMD Modeling: Volterra Series Analysis 

Results are from the GaAs pHEMT 
Input power : -30dBm; Load Resistance : 50 Ohm 



Charge (CV) Model 

n  Model & extraction routines are being developed  and 
implemented 

n  Model formulated in a way similar to the proposed I-V 
model 

n  Use a charge model instead of a capacitance model 
n  Capacitance model: inclusion of a transcapacitance 

element 
n  Charge model: intrinsic inclusion of charge conservation 
n  Use S-parameter measurements from RFMD (UK) to 

validate the model 



Verilog-A 
Compact Model Coding 



What is a Compact Model? 

n  A model of semiconductor device currents 
and voltages 

n  Built from physically-motivated equations 
n  Intended for use in an analog circuit simulator 
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Ranges of AMS Modeling 

Primitives 

Equations 

Table Driven 

Predefined 

Conservative Non- 
Conservative 

Z-Domain Gate RTL Algorithmic 

Verilog-A 

Verilog System-C 

SystemVerilog 
Simulink 

Spice 

MAST 
VHDL-AMS 

Verilog-AMS 



Compact Model Standardization 
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Wafer Fabs 

Software Vendors 
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Wafer Fabs 

Software Vendors 

Model 

Verilog-A 

Compact Model Standardization 
Future 



Verilog-A Coding Guidelines 

n  What needs to be done so that Verilog-A can become the 
standard for CM coding? 
¨  Comparing the “general purpose” Verilog-A compilers with the 

integrated SPICE devices 
n  Detailed technical investigation of Verilog-A compilation aspects, not 

only for Compact Models 
¨  Benchmarking performed to understand current status and 

SMASH progress 
n  Results presented at MOS-AK in Frankfurt, Athens and Sevilla 
n  Guidelines put together for CM coding 

n  What is at stake? 
¨  Fully taking into account SPICE-like integration of Verilog-A 

Compact Models in the ecosystem 
¨  Providing a viable and open alternative to “controlled” initiatives  

(such as TMI) 



Verilog-A Coding Guidelines 

n  Writing compact models 
¨  Geoffrey J. Coram, “Howto (And Hownot To) Write A Compact 

Model In Verilog-A”, BMAS 2004 
www.bmas-conf.org/2004/papers/bmas04-coram.pdf 

¨  L. Lemaitre, C. Mc Andrew and W. Grabinski, “Standardization 
of Compact Device Modeling in High Level Description 
Language”, Nanotech 2003 Vol. 2 
http://www.nsti.org/publications/Nanotech/2003/pdf/X2402.pdf 

n  Optimizing compact models 
¨  G. Depeyrot, F. Poullet and B. Dumas, “Guidelines for Verilog-A 

Compact Model Coding”, Nanotech 2010 Vol. 2 
www.techconnectworld.com/Microtech2010/a.html?i=628 

¨  “Verilog-A Compact Model Coding Whitepaper” 
www.dolphin-integration.com 



Verilog-A Limitations: Simulation Speed 

n  Implementation dependent 
¨  Bypass/Linearization 
¨  Iteration specific code vs. specific code (initialization, noise) 
¨  Extra nodes 

n  added for correlated noise due to ADMS XML limitation 

¨  Flow/Potential branches 
¨  Derivation/Integration 
¨  Hidden states 

n  Language (or coding) standard dependent 
¨  Iteration specific code vs. specific code (output variables) 
¨  Conditional nodes (collapsible nodes) 



Verilog-A for Compact Modeling  

n  Verilog-A is a simple standardized language 
n  Promoted by CMC, MOS-AK/GSA, FP7 COMON 
n  Most concepts can be learned from studying a simple 

example 
n  BSIM3/4/6, EKV2.6/3.0, HiSIM2, PSP 103.1.1    

are already available in Verilog-A 
¨  Coding BSIM3 with self-heating: 

1-2 days in Verilog-A vs. 2-3 weeks in C 
¨  No simulator-specific details 
¨  Derivatives coded automatically 
¨  Compiler/Simulator does code optimization 
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Benefits Using Verilog-ASM 
n  For the model developers 

¨ Develop once and run everywhere  
¨ Focus on model equation, not on implementation 

n  For the software vendors 
¨ Simplified implementation of the standard models 
¨ Proprietary Verilog-A models are also supported 

n  For the silicon fabs 
¨ Standardized model parameter set 

n  For the end-users (designers) 
¨ Standardized libraries and design kits 



Input Deck with Verilog-AMS 

n EKV Verilog-A example: 
¨ http://ekv.epfl.ch/Verilog-A 

* EKV long channel MOSFET Model 
* using Verilog-A  
.verilog  "ekv.va"  
vd  1  0 3  
vg  2  0 5  
vb  4  0 0  
xekv  1 2 0 4 ekv L=20E-6 W=20E-6  
.dc vd 0 5 0.1  
.end  



EKV Verilog-AMS Model  

`include "std.va"  
`include "const.va"  
// ************************************  
// * EKV MOS model (long channel)  
// * http://ekv.epfl.ch/Verilog-A 
// ************************************  
module ekv(d,g,s,b);  
//  
// Node definitions  
inout           d,g,s,b ;   // external nodes  
electrical      d,g,s,b ;   // external nodes  
//  
//*** Local variables  
real x, VG, VS, VD, VGprime, VP;  
real beta, n, iff, ir, Ispec, Id;  
//  
//*** model parameter definitions  
parameter real L      =  10E-6  from[0.0:inf];  
parameter real W      =  10E-6  from[0.0:inf];  
//*** Threshold voltage  
//    substrate effect parameters (long-channel)  
parameter real VTO    =  0.5    from[0.0:inf];  
parameter real GAMMA  =  0.7    from[0.0:inf];  
parameter real PHI    =  0.5    from[0.2:inf];  
//***  Mobility parameters (long-channel)  
parameter real KP     =  20E-6   from[0.0:inf];  
parameter real THETA  =  50.0E-3 from[0.0:inf];  

analog begin // EKV v2.6 long-channel  
VG = V(g); VS = V(s); VD = V(d);  
// Effective gate voltage (33)  
VGprime = VG - VTO + PHI + GAMMA * sqrt(PHI);  
// Pinch-off voltage (34)  
VP = VGprime - PHI - GAMMA  
   * (sqrt(VGprime+(GAMMA/2.0)*(GAMMA/2.0))-(GAMMA/2.0));  
// Slope factor (39)  
n = 1.0 + GAMMA / (2.0*sqrt(PHI + VP + 4.0*$vt));  
// Mobility equation (58), (64)  
beta = KP * (W/L) * (1.0/(1.0 + THETA * VP));  
// forward (44) and reverse (56) currents  
x=(VP-VS)/$vt; iff = (ln(1.0+exp( x /
2.0)))*(ln(1.0+exp( x /2.0)));  
x=(VP-VD)/$vt; ir  = (ln(1.0+exp( x /
2.0)))*(ln(1.0+exp( x /2.0)));  
// Specific current (65)  
Ispec = 2 * n * beta * $vt * $vt;  
// Drain current (66)  
Id = Ispec * (iff - ir);  
//  
// Branch contributions to EKV v2.6 model (long-channel)  
//  
I(d,s) <+ Id;  
end // analog  
endmodule  



`include "std.va"  
`include "const.va"  
// ************************************  
// * EKV MOS model (long channel)  
// * http://ekv.epfl.ch/Verilog-A 
// ************************************  
module ekv(d,g,s,b);  
//  
// Node definitions  
inout           d,g,s,b ;   // external nodes  
electrical      d,g,s,b ;   // external nodes  
//  
//*** Local variables  
real x, VG, VS, VD, VGprime, VP;  
real beta, n, iff, ir, Ispec, Id;  
//  
//*** model parameter definitions  
parameter real L      =  10E-6  from[0.0:inf];  
parameter real W      =  10E-6  from[0.0:inf];  
//*** Threshold voltage  
//    substrate effect parameters (long-channel)  
parameter real VTO    =  0.5    from[0.0:inf];  
parameter real GAMMA  =  0.7    from[0.0:inf];  
parameter real PHI    =  0.5    from[0.2:inf];  
//***  Mobility parameters (long-channel)  
parameter real KP     =  20E-6   from[0.0:inf];  
parameter real THETA  =  50.0E-3 from[0.0:inf];  

analog begin // EKV v2.6 long-channel  
VG = V(g); VS = V(s); VD = V(d);  
// Effective gate voltage (33)  
VGprime = VG - VTO + PHI + GAMMA * sqrt(PHI);  
// Pinch-off voltage (34)  
VP = VGprime - PHI - GAMMA  
   * (sqrt(VGprime+(GAMMA/2.0)*(GAMMA/2.0))-(GAMMA/2.0));  
// Slope factor (39)  
n = 1.0 + GAMMA / (2.0*sqrt(PHI + VP + 4.0*$vt));  
// Mobility equation (58), (64)  
beta = KP * (W/L) * (1.0/(1.0 + THETA * VP));  
// forward (44) and reverse (56) currents  
x=(VP-VS)/$vt; iff = (ln(1.0+exp( x /
2.0)))*(ln(1.0+exp( x /2.0)));  
x=(VP-VD)/$vt; ir  = (ln(1.0+exp( x /
2.0)))*(ln(1.0+exp( x /2.0)));  
// Specific current (65)  
Ispec = 2 * n * beta * $vt * $vt;  
// Drain current (66)  
Id = Ispec * (iff - ir);  
//  
// Branch contributions to EKV v2.6 model (long-channel)  
//  
I(d,s) <+ Id;  
end // analog  
endmodule  

Ports reflect the potential and flow descriptions 
of electrical, mechanical, thermal, and other systems. 
 
A port has a direction: input, output, or inout, 

Ports 

EKV Verilog-AMS Model  



`include "std.va"  
`include "const.va"  
// ************************************  
// * EKV MOS model (long channel)  
// http://ekv.epfl.ch/Verilog-A 
// ************************************  
module ekv(d,g,s,b);  
//  
// Node definitions  
inout           d,g,s,b ;   // external nodes  
electrical      d,g,s,b ;   // external nodes  
//  
//*** Local variables  
real x, VG, VS, VD, VGprime, VP;  
real beta, n, iff, ir, Ispec, Id;  
//  
//*** model parameter definitions  
parameter real L      =  10E-6  from[0.0:inf];  
parameter real W      =  10E-6  from[0.0:inf];  
//*** Threshold voltage  
//    substrate effect parameters (long-channel)  
parameter real VTO    =  0.5    from[0.0:inf];  
parameter real GAMMA  =  0.7    from[0.0:inf];  
parameter real PHI    =  0.5    from[0.2:inf];  
//***  Mobility parameters (long-channel)  
parameter real KP     =  20E-6   from[0.0:inf];  
parameter real THETA  =  50.0E-3 from[0.0:inf];  

analog begin // EKV v2.6 long-channel  
VG = V(g); VS = V(s); VD = V(d);  
// Effective gate voltage (33)  
VGprime = VG - VTO + PHI + GAMMA * sqrt(PHI);  
// Pinch-off voltage (34)  
VP = VGprime - PHI - GAMMA  
   * (sqrt(VGprime+(GAMMA/2.0)*(GAMMA/2.0))-(GAMMA/2.0));  
// Slope factor (39)  
n = 1.0 + GAMMA / (2.0*sqrt(PHI + VP + 4.0*$vt));  
// Mobility equation (58), (64)  
beta = KP * (W/L) * (1.0/(1.0 + THETA * VP));  
// forward (44) and reverse (56) currents  
x=(VP-VS)/$vt; iff = (ln(1.0+exp( x /
2.0)))*(ln(1.0+exp( x /2.0)));  
x=(VP-VD)/$vt; ir  = (ln(1.0+exp( x /
2.0)))*(ln(1.0+exp( x /2.0)));  
// Specific current (65)  
Ispec = 2 * n * beta * $vt * $vt;  
// Drain current (66)  
Id = Ispec * (iff - ir);  
//  
// Branch contributions to EKV v2.6 model (long-channel)  
//  
I(d,s) <+ Id;  
end // analog  
endmodule  

 
 
integer 
real 
parameter 
discipline data types 
 
 

Data Types 

EKV Verilog-AMS Model  



`include "std.va"  
`include "const.va"  
// ************************************  
// * EKV MOS model (long channel)  
// * http://ekv.epfl.ch/Verilog-A 
// ************************************  
module ekv(d,g,s,b);  
//  
// Node definitions  
inout           d,g,s,b ;   // external nodes  
electrical      d,g,s,b ;   // external nodes  
//  
//*** Local variables  
real x, VG, VS, VD, VGprime, VP;  
real beta, n, iff, ir, Ispec, Id;  
//  
//*** model parameter definitions  
parameter real L  =  10E-6  from[0.0:inf];  
parameter real W  =  10E-6  from[0.0:inf];  
//*** Threshold voltage  
//    substrate effect parameters (long-channel)  
parameter real VTO    =  0.5    from[0.0:inf];  
parameter real GAMMA  =  0.7    from[0.0:inf];  
parameter real PHI    =  0.5    from[0.2:inf];  
//***  Mobility parameters (long-channel)  
parameter real KP     =  20E-6   from[0.0:inf];  
parameter real THETA  =  50.0E-3 from[0.0:inf];  

analog begin // EKV v2.6 long-channel  
VG = V(g); VS = V(s); VD = V(d);  
// Effective gate voltage (33)  
VGprime = VG - VTO + PHI + GAMMA * sqrt(PHI);  
// Pinch-off voltage (34)  
VP = VGprime - PHI - GAMMA  
   * (sqrt(VGprime+(GAMMA/2.0)*(GAMMA/2.0))-(GAMMA/2.0));  
// Slope factor (39)  
n = 1.0 + GAMMA / (2.0*sqrt(PHI + VP + 4.0*$vt));  
// Mobility equation (58), (64)  
beta = KP * (W/L) * (1.0/(1.0 + THETA * VP));  
// forward (44) and reverse (56) currents  
x=(VP-VS)/$vt; iff = (ln(1.0+exp( x /
2.0)))*(ln(1.0+exp( x /2.0)));  
x=(VP-VD)/$vt; ir  = (ln(1.0+exp( x /
2.0)))*(ln(1.0+exp( x /2.0)));  
// Specific current (65)  
Ispec = 2 * n * beta * $vt * $vt;  
// Drain current (66)  
Id = Ispec * (iff - ir);  
//  
// Branch contributions to EKV v2.6 model (long-channel)  
//  
I(d,s) <+ Id;  
end // analog  
endmodule  

 
instance real L   =  10E-6 "m" – "drawn length"; 
 
model    real VTO =  0.5; 
 

Verilog-A Extensions 

EKV Verilog-AMS Model  



`include "std.va"  
`include "const.va"  
// ************************************  
// * EKV MOS model (long channel)  
// * http://legwww.epfl.ch/ekv  
// ************************************  
module ekv(d,g,s,b);  
//  
// Node definitions  
inout           d,g,s,b ;   // external nodes  
electrical      d,g,s,b ;   // external nodes  
//  
//*** Local variables  
real x, VG, VS, VD, VGprime, VP;  
real beta, n, iff, ir, Ispec, Id;  
//  
//*** model parameter definitions  
parameter real L      =  10E-6  from[0.0:inf];  
parameter real W      =  10E-6  from[0.0:inf];  
//*** Threshold voltage  
//    substrate effect parameters (long-channel)  
parameter real VTO    =  0.5    from[0.0:inf];  
parameter real GAMMA  =  0.7    from[0.0:inf];  
parameter real PHI    =  0.5    from[0.2:inf];  
//***  Mobility parameters (long-channel)  
parameter real KP     =  20E-6   from[0.0:inf];  
parameter real THETA  =  50.0E-3 from[0.0:inf];  

analog begin // EKV v2.6 long-channel  
VG = V(g); VS = V(s); VD = V(d);  
// Effective gate voltage (33)  
VGprime = VG - VTO + PHI + GAMMA * sqrt(PHI);  
// Pinch-off voltage (34)  
VP = VGprime - PHI - GAMMA  
   * (sqrt(VGprime+(GAMMA/2.0)*(GAMMA/2.0))-(GAMMA/2.0));  
// Slope factor (39)  
n = 1.0 + GAMMA / (2.0*sqrt(PHI + VP + 4.0*$vt));  
// Mobility equation (58), (64)  
beta = KP * (W/L) * (1.0/(1.0 + THETA * VP));  
// forward (44) and reverse (56) currents  
x=(VP-VS)/$vt; iff = (ln(1.0+exp( x /
2.0)))*(ln(1.0+exp( x /2.0)));  
x=(VP-VD)/$vt; ir  = (ln(1.0+exp( x /
2.0)))*(ln(1.0+exp( x /2.0)));  
// Specific current (65)  
Ispec = 2 * n * beta * $vt * $vt;  
// Drain current (66)  
Id = Ispec * (iff - ir);  
//  
// Branch contributions to EKV v2.6 model (long-channel)  
//  
I(d,s) <+ Id;  
end // analog  
endmodule  

 
 
@(initial_step) 
 
@(initial_step(“tran”,”ac”,”dc”)) 
 
@(final_step(“tran”)) 
 

 

Analog Events 

EKV Verilog-AMS Model  



`include "std.va"  
`include "const.va"  
// ************************************  
// * EKV MOS model (long channel)  
// * http://ekv.epfl.ch/Verilog-A 
// ************************************  
module ekv(d,g,s,b);  
//  
// Node definitions  
inout           d,g,s,b ;   // external nodes  
electrical      d,g,s,b ;   // external nodes  
//  
//*** Local variables  
real x, VG, VS, VD, VGprime, VP;  
real beta, n, iff, ir, Ispec, Id;  
//  
//*** model parameter definitions  
parameter real L      =  10E-6  from[0.0:inf];  
parameter real W      =  10E-6  from[0.0:inf];  
//*** Threshold voltage  
//    substrate effect parameters (long-channel)  
parameter real VTO    =  0.5    from[0.0:inf];  
parameter real GAMMA  =  0.7    from[0.0:inf];  
parameter real PHI    =  0.5    from[0.2:inf];  
//***  Mobility parameters (long-channel)  
parameter real KP     =  20E-6   from[0.0:inf];  
parameter real THETA  =  50.0E-3 from[0.0:inf];  

analog begin // EKV v2.6 long-channel  
VG = V(g); VS = V(s); VD = V(d);  
// Effective gate voltage (33)  
VGprime = VG - VTO + PHI + GAMMA * sqrt(PHI);  
// Pinch-off voltage (34)  
VP = VGprime - PHI - GAMMA  
   * (sqrt(VGprime+(GAMMA/2.0)*(GAMMA/2.0))-(GAMMA/2.0));  
// Slope factor (39)  
n = 1.0 + GAMMA / (2.0*sqrt(PHI + VP + 4.0*$vt));  
// Mobility equation (58), (64)  
beta = KP * (W/L) * (1.0/(1.0 + THETA * VP));  
// forward (44) and reverse (56) currents  
x=(VP-VS)/$vt; iff = (ln(1.0+exp( x /
2.0)))*(ln(1.0+exp( x /2.0)));  
x=(VP-VD)/$vt; ir  = (ln(1.0+exp( x /
2.0)))*(ln(1.0+exp( x /2.0)));  
// Specific current (65)  
Ispec = 2 * n * beta * $vt * $vt;  
// Drain current (66)  
Id = Ispec * (iff - ir);  
//  
// Branch contributions to EKV v2.6 model (long-channel)  
//  
I(d,s) <+ Id;  
end // analog  
endmodule  

 
 
V(n1, n2) <+ expression; 
I(g, b)   <+ ddt(QB); 
 
Gm  = $ddx(Ids, V(g,s)); 
Cgb = $ddx(Qg, V(g,b)); 
 
I(n1, n2) <+ V(n1, n2) / R + white_noise(4*TK/R,“thermal”); 
I(n1, n2) <+ flicker_noise(KF * pow(abs(I(n1,n2)), AF), 1.0, “flicker”); 
 
 

Branch Contribution 

EKV Verilog-AMS Model  



Compact Model Implementation 

n  Verilog-A: basic model development platform 
¨ Permits model implementation of standard IV, QV, noise 
¨ Transportability among simulators 
¨ Extended Verilog-A version to enhance usability for CM 

n  Verilog-A base for model synthesis 
¨ Synthesis tools: ADMS  and Tiburon 
¨ Essential benefit is to ensure compatibility among circuit 

simulators: one code update for all simulators! 
n  Native C-coding 

¨ Ongoing implementation in ELDO for comparisons  
vs. synthesized code 



Tools for Compact Model Standardization 

n  ADMS for Verilog-A defined models 
¨ Laurent Lemaitre 
¨ http://sourceforge.net/projects/mot-adms  
¨ http://sourceforge.net/projects/mot-zspice/  

n  RTE environment and Verilog-A compiler  
¨ Marek Mierzwinski, Tiburon DA Solution 
¨ http://www.tiburon-da.com 



Verilog-A Modeling Status 

n  For the moment, SPICE simulators remain faster than their Verilog-A 
counterparts 
¨  Compact models in Verilog-A should continue to target SPICE 

simulators and respect the inherent constraints to facilitate their 
integration into different SPICE simulators. 

n  What we have today 
¨  Verilog-A effectively adopted by Compact Model developers 
¨  Very efficient integration of CM into SPICE simulators using 

dedicated (ADMS-XML) or optimized Verilog-A compilers 
¨  A comprehensible approach for behavioral modeling of analog 

designs (same concepts in Verilog-A as in SPICE) 
¨  Very flexible mixing of SPICE with Verilog-A (as per LRM Annex E) 

allowing progressive behavioral modeling 



Verilog-A Modeling Outlook 

n  Verilog-A is in competition with non-public “API” approaches 
¨  To address the problems of deep submicron processes such as 

dynamic degradation, power consumption, system-level 
complexity… 

¨  Semiconductor foundry models currently developed as wrappers 
around compact models instead of extensions (in Verilog-A) 

n  SPICE sub-circuit wrappers, TMI approach… 

n  Verilog-A has the potential to revolutionize the paradigm of analog 
design of integrated circuits and totally replace SPICE 
¨  Depends on the adoption of Verilog-A by all concerned actors: 

EDA vendors, compact model developers, semiconductor 
foundries as well as final users 

¨  HOWEVER, the compact model optimization mode is declared in 
the Verilog-A LRM but not defined 
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Coming MOS-AK/GSA Events 2012 
n  Dresden, Fraunhofer IIS  

¨ MOS-AK/GSA Workshop 
¨ 26-27 April 2013 

n  Warsaw 
¨ 18th MIXDES’12 
¨ 24-26 May 2012  

n  Bourdeaux 
¨ 42th ESSDERC / 38th ESSCIRC 
¨ 21 September 2012 

n  San Francisco 
¨  IEDM / CMC timeframe 
¨ Q4 2012 


