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MixedMixed--SignalSignal Model StructureModel Structure
ReferenceReference to to predefinedpredefined//previouslypreviously defineddefined submodelssubmodels
DeclarationDeclaration ofof thethe modelmodel interfaceinterface

GenericGeneric parametersparameters
Interface Interface connectionconnection portsports

DeclarationDeclaration ofof thethe modelmodel contentscontents
DeclarationDeclaration ofof objectsobjects usedused internallyinternally
Description Description ofof thethe modelmodel contentscontents

ContinuousContinuous ((AnalogAnalog) ) BehaviorBehavior
DiscreteDiscrete (Digital) (Digital) BehaviorBehavior
Structural Description (Structural Description (instantiationinstantiation))
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A A modelmodel templatetemplate

entity name is
model Interface

end entity name;

architecture equ of name is
model Contents

end architecture name;

module name
model Interface
model Contents

endmodule

VHDL-AMS Verilog-AMS
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TheThe twotwo interfacesinterfaces
library disciplines;library disciplines;

use use disciplines.electromagnetic_system.alldisciplines.electromagnetic_system.all;;
use use disciplines.thermal_system.alldisciplines.thermal_system.all;;
library library ieeeieee;;
use use ieee.math_real.allieee.math_real.all;;

entity entity EKV_n_THEKV_n_TH isis
genericgeneric

((
WeffWeff : real := 1.5e: real := 1.5e--6;  6;  ---- channel widthchannel width
LeffLeff : real := 0.15e: real := 0.15e--6; 6; ---- channel lengthchannel length
PHI : real := 0.97; PHI : real := 0.97; ---- bulk Fermi potentialbulk Fermi potential
GAMMA : real := 0.71; GAMMA : real := 0.71; ---- substrate factorsubstrate factor
KP : real := 453.0eKP : real := 453.0e--6; 6; ---- transconductancetransconductance factorfactor
THETA : real := 50.0eTHETA : real := 50.0e--3; 3; ---- Mobility reductionMobility reduction
VTO : real := 0.4; VTO : real := 0.4; ----long channel threshold volt.long channel threshold volt.
TCV : real := 1.5eTCV : real := 1.5e--3; 3; ---- temperature temperature coeffcoeff. (VTO). (VTO)
BEX : real := BEX : real := --1.5 1.5 ---- temperature temperature coeffcoeff..
););

end;end;

`̀includeinclude "disciplines.h""disciplines.h"

//*** model parameter definitions//*** model parameter definitions
parameter real parameter real boltzboltz = 1.3806226E= 1.3806226E--23; 23; 

parameter real charge = 1.6021918Eparameter real charge = 1.6021918E--19; 19; 
parameter real parameter real reftempreftemp = 300.0; = 300.0; 
//**   geometrical parameters//**   geometrical parameters
parameter real parameter real weffweff = 100.0E= 100.0E--6;6;
parameter real parameter real leffleff = 100.0E= 100.0E--6; 6; 
//*** Threshold voltage and substrate effect//*** Threshold voltage and substrate effect
//**  parameters (long//**  parameters (long--n_channeln_channel))
parameter real parameter real vtovto = 0.6; = 0.6; 
parameter real gamma = 0.7; parameter real gamma = 0.7; 
parameter real phi = 0.5;parameter real phi = 0.5;
//*** Mobility parameters (long//*** Mobility parameters (long--channel)channel)
parameter real parameter real kpkp = 20.0E= 20.0E--6; 6; 
parameter real theta = 50.0Eparameter real theta = 50.0E--3;3;
//*** Temperature coefficients//*** Temperature coefficients
parameter real parameter real tcvtcv = 1.5E= 1.5E--3; 3; 
parameter real parameter real bexbex = = --1.5; 1.5; 

port (terminal port (terminal d,g,s,bd,g,s,b: electrical;: electrical;
terminal terminal j:thermalj:thermal););

module module EKV_n_TH(d,g,s,b,tjEKV_n_TH(d,g,s,b,tj););
// Node definitions (external nodes)// Node definitions (external nodes)
inoutinout d,g,s,b,jd,g,s,b,j ;;
electrical electrical d,g,s,bd,g,s,b ;;
thermal thermal tjtj ;;
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Description Description ofof thethe modelmodel contentscontents

The description is achieved by use of The description is achieved by use of KirchhoffKirchhoff lawslaws
KirchhoffKirchhoff laws imply energy conservation rules on laws imply energy conservation rules on 
nodesnodes
A A nodenode is associated to a is associated to a disciplinediscipline (electrical, (electrical, 
thermal, …)thermal, …)
A A disciplinediscipline is characterized by two variables : is characterized by two variables : 

potential/acrosspotential/across
flowflow//throughthrough

MeansMeans to to accessaccess thesethese variables are variables are necessarynecessary
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Access to conservative variables in Access to conservative variables in thethe
EKV transistor EKV transistor modelmodel

port (terminal port (terminal d,g,s,bd,g,s,b: electrical;: electrical;
terminal terminal j:thermalj:thermal););

end;end;
architecture architecture equequ of of ekvnekvn isis

quantity vg quantity vg acrossacross g to b;g to b;
quantity quantity vdvd acrossacross d to b;d to b;
quantity quantity vsvs acrossacross s to b;s to b;
quantity id quantity id throughthrough d;d;
quantity quantity isourceisource throughthrough s;s;
quantity quantity gpowergpower throughthrough thermal_groundthermal_ground to j;to j;
quantity temp quantity temp acrossacross j to j to thermal_groundthermal_ground;;

……
id==(id==(ispecispec*(*(iffiff--irir));));
isourceisource == == --id;id;
gpowergpower == == abs(idabs(id * (* (vdvd--vsvs));));

Free and bound quantities.Free and bound quantities.
Declare once,Declare once,
Implicit reference when usedImplicit reference when used

Access Access functionfunction in in thethe ODAEODAE
ElectricalElectrical : : I()I() flowflow, , V()V() potentialpotential

Thermal : Thermal : PwrPwr()() flowflow, , TempTemp()() potentialpotential
Access Access functionsfunctions scatteredscattered throughoutthroughout thethe code code ofof
analoganalog behaviorbehavior
Importance Importance ofof thethe contribution contribution operatoroperator <+ <+ 

analog begin // EKV v2.6 longanalog begin // EKV v2.6 long--channelchannel
vg = vg = V(V(g,bg,b)); ; 
vsvs = = V(V(s,bs,b)); ; 
vdvd = = V(V(d,bd,b));;

konqkonq ==boltzboltz/charge; /charge; 
vtvt = = konqkonq * * Temp(Temp(jj)) + 1.0E+ 1.0E--20;20;

……
I(I(dd)) <+ id;<+ id;
Pwr(Pwr(jj)) <+ <+ abs(idabs(id * (* (vdvd--vsvs));));

end // analog end // analog 
endmoduleendmodule

VHDL-AMS Verilog-AMS
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ContinuousContinuous BehaviorBehavior StatementStatement

analog block
begin
var1 = f(exp1,exp2);
res <+ var1;

end;

analog block
begin
if (exp)

var1 = f(exp1,exp2);
else

var1 = f(exp1,exp3);
res <+ var1;

end;

analog block
…

end;

begin
…
exp1 == exp2 ;
…

end;

if exp then use
exp1 == exp2 ;

else
exp1 == exp3 ;

end if;

procedural
begin
…
end;

Verilog-AMSVHDL-AMS

Simple simultaneous
Statement

Vs
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Id(Id(VdVd) ) CharacteristicCharacteristic plotplot
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Id(Id(VdVd) ) CharacteristicCharacteristic plotplot

1.0x10
-3

 

0.8

0.6

0.4

0.2

0.0

I D
 [A

]

1.41.21.00.80.60.40.20.0

VD [V]

 VG = 0.5, 0.75, ... 1.5V 

Without thermal effects

W/L = 1.5µµµµm/0.15µµµµm

VHDL-AMS



EKV v2.6 Users' Meeting EKV v2.6 Users' Meeting -- 20042004 1313

ThermalThermal--electronicelectronic effectseffects in action:in action:
downgradingdowngrading ofof IIDD -- VVDD characteristiccharacteristic
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ThermalThermal--electronicelectronic effectseffects in action:in action:
downgradingdowngrading ofof QQII/G/GMM -- VVGG characteristicscharacteristics
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Thermal Thermal couplingcoupling betweenbetween thethe nMOSTnMOST
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Simulation Simulation resultsresults
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OthersOthers studiesstudies on on thethe EKV MOST EKV MOST 
Model v2.6Model v2.6
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TakingTaking DeepDeep submicronsubmicron effectseffects intointo
accountaccount ((extrinsicextrinsic aspects)aspects)
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SeriesSeries parasiticparasitic resistancesresistances effectseffects : : 
IIDD--VVGG andand RsRseffeff//RdRdeffeff -- VVGG characteristicscharacteristics
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OngoingOngoing researchesresearches

StudiesStudies on on ModelingModeling on on MultiMulti--disciplinesdisciplines systemssystems
((electricalelectrical, , mechanicalmechanical, thermal, , thermal, opticaloptical, , chemicalchemical)*)*

* F. Pécheux, C. Lallement, A. Vachoux, “VHDL-AMS and Verilog-AMS as alternative 
HDL's for the Efficient Modeling of Multi-disciplines Schemes,” 
'IEEE Transactions on Computer-Aided Design of Integrated Circuits and Systems‘,
February 20005

* F. Pécheux, B. Allard, C. Lallement, A. Vachoux, H. Morel “Modeling and simulation 
using bond graphs and VHDL-AMS” accepted to the ICBGM’2005 conference, january
2005, New Orleans - USA
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ConclusionConclusion

+ + ImplicitImplicit construction construction 
ofof thethe Kirchhoff Kirchhoff graphgraph
+ Simple + Simple SimultaneousSimultaneous
statementstatement
-- Non mutable PortsNon mutable Ports
-- ProceduralProcedural notnot
supportedsupported yetyet by by toolstools
PowerfulPowerful simultaneoussimultaneous
statementsstatements

Explicit construction via Explicit construction via 
contribution contribution operatoroperator <+<+
-- Access Access functionsfunctions scatteredscattered
throughoutthroughout thethe ODAEODAE
+ + ImplicitImplicit declarationdeclaration ofof
nets nets andand portsports
+ + AutomaticAutomatic insertion insertion ofof
connectconnect modulesmodules
+ Major + Major enhancementsenhancements in in 
VerilogVerilog--DD 2001 but 2001 but notnot yetyet
supportedsupported by by toolstools

TheThe samesame systemsystem cancan bebe implementedimplemented
bothboth in VHDLin VHDL--AMS and AMS and VerilogVerilog--AMSAMSVHDL-AMS Verilog-AMS
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