




























































































































































































 

 

 

*************************************sde_dvs.cmd**************************************** 

(define SUBDOPGaN 0)  ; [um] uniform concentration of Layer 1e14 

(define SUBDOPAlGaN 0)  ; [um] uniform concentration of Layer 1e14 

(define WGaN -@Wfin_Half@); [um] Thickness of the substrate (Fin width) 

(define HalfSpacing -1); [um] Half of the spacing between two fins -2 

(define LG 0.4); [um] Gate length; 

(define LS 1); [um] Source/Drain length 

(define Lgs 0.25); [um] Gate to Source 

(define Lgd 1); [um] Gate to Drain 

(define GaNa LS); [um]  

(define GaNb (+ LS Lgs)); [um] 

(define GaNc (+ GaNb LG)); [um]  

(define GaNd (+ GaNc Lgd)); [um]  

(define W (+ GaNd LS)); [um] Length Substrate 

(define XS LS); [um] source position 

(define XD (- W LS)); [um] drain position 

(define Wtot (+ WGaN HalfSpacing));[um] Total width  

(define HAlGaN 0.011); [um] AlGaN layer height 

(define HGaN @Hfin@); [um] GaN height 

(define HGaNbody 1.763); [um] GaN bulk height 

(define HFIN (+ HGaN HAlGaN)); [um] fin height 

(define HtopGate 0.036); [um] Metal top-gate height 

(define Hsub 0.010); [um] Substrate height 

(define Hcap 0.002); [um] Cap height 



 

; CREATE THE STRUCTURE 

(define A1 (sdegeo:create-cuboid (position GaNa (* WGaN -1) (+ Hsub HGaNbody HFIN Hcap)) (position 

GaNb WGaN (+ Hsub HGaNbody HFIN Hcap 0.05)) "Si3N4" "pass1")) 

(define A2 (sdegeo:create-cuboid (position GaNc (* WGaN -1) (+ Hsub HGaNbody HFIN Hcap)) (position 

GaNd WGaN (+ Hsub HGaNbody HFIN Hcap 0.05)) "Si3N4" "pass2")) 

(define B (sdegeo:create-cuboid (position 0 (* WGaN -1) (+ Hsub HGaNbody HFIN)) (position W WGaN (+ 

Hsub HGaNbody HFIN Hcap)) "GaN" "Cap")) 

(define C (sdegeo:create-cuboid (position 0 (* WGaN -1) (+ Hsub HGaNbody HGaN)) (position W WGaN (+ 

Hsub HGaNbody HFIN)) "AlGaN" "Layer")) 

(define D (sdegeo:create-cuboid (position 0 (* WGaN -1) Hsub) (position W WGaN (+ Hsub HGaNbody 

HGaN)) "GaN" "Bulk")) 

 (define E (sdegeo:create-cuboid (position 0 (* WGaN -1) 0) (position W WGaN Hsub) "Oxide" "Base")) 

(define L (sdegeo:create-cuboid (position GaNb WGaN Hsub) (position GaNc Wtot (+ Hsub HGaNbody)) 

"GaN" "Lat1")) 

(define M (sdegeo:create-cuboid (position GaNb WGaN 0) (position GaNc Wtot Hsub) "Oxide" "Baselat1")) 

(define N (sdegeo:create-cuboid (position GaNb (* WGaN -1) Hsub) (position GaNc (* Wtot -1) (+ Hsub 

HGaNbody)) "GaN" "Lat2")) 

(define O (sdegeo:create-cuboid (position GaNb (* WGaN -1) 0) (position GaNc (* Wtot -1) Hsub) "Oxide" 

"Baselat2")) 

(define LS1 (sdegeo:create-cuboid (position 0 WGaN Hsub) (position GaNa Wtot (+ Hsub HGaNbody)) "GaN" 

"Lat1S1")) 

(define MS1 (sdegeo:create-cuboid (position 0 WGaN 0) (position GaNa Wtot Hsub) "Oxide" "Baselat1S1")) 

(define NS1 (sdegeo:create-cuboid (position 0 (* WGaN -1) Hsub) (position GaNa (* Wtot -1) (+ Hsub 

HGaNbody)) "GaN" "Lat2S1")) 

(define OS1 (sdegeo:create-cuboid (position 0 (* WGaN -1) 0) (position GaNa (* Wtot -1) Hsub) "Oxide" 

"Baselat2S1")) 

(define LS2 (sdegeo:create-cuboid (position GaNd WGaN Hsub) (position W Wtot (+ Hsub HGaNbody)) 

"GaN" "Lat1S2")) 

(define MS2 (sdegeo:create-cuboid (position GaNd WGaN 0) (position W Wtot Hsub) "Oxide" "Baselat1S2")) 

(define NS2 (sdegeo:create-cuboid (position GaNd (* WGaN -1) Hsub) (position W (* Wtot -1) (+ Hsub 

HGaNbody)) "GaN" "Lat2S2")) 

(define OS2 (sdegeo:create-cuboid (position GaNd (* WGaN -1) 0) (position W (* Wtot -1) Hsub) "Oxide" 

"Baselat2S2")) 

(define LL (sdegeo:create-cuboid (position GaNa WGaN Hsub) (position GaNb Wtot (+ Hsub HGaNbody)) 

"GaN" "Lat1_agg1")) 



(define MM (sdegeo:create-cuboid (position GaNa WGaN 0) (position GaNb Wtot Hsub) "Oxide" 

"Baselat1_agg1")) 

(define NN (sdegeo:create-cuboid (position GaNa (* WGaN -1) Hsub) (position GaNb (* Wtot -1) (+ Hsub 

HGaNbody)) "GaN" "Lat2_agg1")) 

(define OO (sdegeo:create-cuboid (position GaNa (* WGaN -1) 0) (position GaNb (* Wtot -1) Hsub) "Oxide" 

"Baselat2_agg1")) 

(define LLL (sdegeo:create-cuboid (position GaNc WGaN Hsub) (position GaNd Wtot (+ Hsub HGaNbody)) 

"GaN" "Lat1_agg2")) 

(define MMM (sdegeo:create-cuboid (position GaNc WGaN 0) (position GaNd Wtot Hsub) "Oxide" 

"Baselat1_agg2")) 

 

(define NNN (sdegeo:create-cuboid (position GaNc (* WGaN -1) Hsub) (position GaNd (* Wtot -1) (+ Hsub 

HGaNbody)) "GaN" "Lat2_agg2")) 

(define OOO (sdegeo:create-cuboid (position GaNc (* WGaN -1) 0) (position GaNd (* Wtot -1) Hsub) 

"Oxide" "Baselat2_agg2")) 

; ADD CONTACTS 

; Gate contact 

(sdegeo:define-contact-set "Gate"      4.0  (color:rgb 1.0 0.0 0.0 ) "##" ) 

(sdegeo:set-current-contact-set "Gate") 

(define Q2 (sdegeo:create-cuboid (position GaNb (* WGaN -1) (+ HFIN Hsub HGaNbody Hcap)) (position 

GaNc WGaN (+ Hcap HFIN Hsub HGaNbody 2)) "Metal" "Gate")) 

(sdegeo:set-contact-boundary-faces Q2) 

(sdegeo:delete-region Q2) 

(define M (sdegeo:create-cuboid (position GaNb WGaN (+ Hsub HGaNbody)) (position GaNc (- WGaN 

HtopGate) (+ Hsub HGaNbody HFIN Hcap)) "Metal" "Gate")) 

(sdegeo:set-contact-boundary-faces M) 

(sdegeo:delete-region M) 

(define N (sdegeo:create-cuboid (position GaNb WGaN (+ Hsub HGaNbody)) (position GaNc Wtot (+ Hsub 

HGaNbody HtopGate)) "Metal" "Gate")) 

(sdegeo:set-contact-boundary-faces N) 

(sdegeo:delete-region N) 

(define O (sdegeo:create-cuboid (position GaNb (* WGaN -1) (+ Hsub HGaNbody)) (position GaNc (* (- 

WGaN HtopGate) -1) (+ Hsub HGaNbody HFIN Hcap)) "Metal" "Gate")) 

(sdegeo:set-contact-boundary-faces O) 

(sdegeo:delete-region O) 



(define P (sdegeo:create-cuboid (position GaNb (* WGaN -1) (+ Hsub HGaNbody)) (position GaNc (* Wtot -

1) (+ Hsub HGaNbody HtopGate)) "Metal" "Gate")) 

(sdegeo:set-contact-boundary-faces P) 

(sdegeo:delete-region P) 

 

(sdegeo:define-contact-set "Source"      4.0  (color:rgb 1.0 0.0 0.0 ) "##" ) 

(sdegeo:set-current-contact-set "Source") 

(define Q (sdegeo:create-cuboid (position 0 (* Wtot -1) (+  Hsub HGaNbody )) (position GaNa Wtot (+ Hcap 

HFIN Hsub HGaNbody 2)) "Metal" "Gate")) 

(sdegeo:set-contact-boundary-faces Q) 

(sdegeo:delete-region Q) 

 

(sdegeo:define-contact-set "Drain"      4.0  (color:rgb 1.0 0.0 0.0 ) "##" ) 

(sdegeo:set-current-contact-set "Drain") 

(define Q1 (sdegeo:create-cuboid (position GaNd (* Wtot -1) (+ Hsub HGaNbody )) (position W Wtot (+ 

Hcap HFIN Hsub HGaNbody 2)) "Metal" "Gate")) 

(sdegeo:set-contact-boundary-faces Q1) 

(sdegeo:delete-region Q1) 

 

 

; ADD DOPING  

; Define regions (windows) where we want to put doping 

; Define the kind of doping  

(sdedr:define-constant-profile "ConstantProfileDefinition_1"  "ArsenicActiveConcentration" SUBDOPGaN) 

(sdedr:define-constant-profile "ConstantProfileDefinition_2"  "ArsenicActiveConcentration" SUBDOPAlGaN) 

(sdedr:define-constant-profile "xmole_AlGaN_const" "xMoleFraction" 0.32) 

 

; Place the doping in the correct window 

(sdedr:define-constant-profile-region "ConstantProfilePlacement_1" "ConstantProfileDefinition_2" "Layer") 

(sdedr:define-constant-profile-region "ConstantProfilePlacement_2" "xmole_AlGaN_const" "Layer") 

 

 

; Left gate contact edge 



(sdedr:define-refinement-window "pezzo" "Cuboid"  (position 0 (* WGaN -1) 1.3) (position W WGaN (+ 

Hsub HGaNbody))) 

(sdedr:define-refinement-window "centro" "Cuboid"  (position 0 (* WGaN -1) Hsub) (position  W WGaN 

1.3)) 

(sdedr:define-refinement-window "channel" "Cuboid"  (position GaNb (* WGaN -1) (+ Hsub HGaNbody 

0.01)) (position GaNc WGaN (+ Hsub HGaNbody HFIN))) 

 (sdedr:define-refinement-window "channelGS" "Cuboid"  (position GaNa (* WGaN -1) (+ Hsub HGaNbody 

0.01)) (position GaNb WGaN (+ Hsub HGaNbody HFIN))) 

(sdedr:define-refinement-window "channelGD" "Cuboid"  (position GaNc (* WGaN -1) (+ Hsub HGaNbody 

0.01)) (position GaNd WGaN (+ Hsub HGaNbody HFIN))) 

(sdedr:define-refinement-window "pezzolat1" "Cuboid"  (position 0 WGaN 1.85) (position W Wtot (+ Hsub 

HGaNbody))) 

(sdedr:define-refinement-window "pezzolat2" "Cuboid" (position 0 (* WGaN -1) 1.85) (position W (* Wtot -

1) (+ Hsub HGaNbody))) 

 

(sdedr:define-refinement-size "Ref.size.cap" 0.05 0.02 0.05 0.05 0.02 0.05) 

(sdedr:define-refinement-size "Ref.size.channel" 0.05 0.02 0.01 0.05 0.02 0.01) 

(sdedr:define-refinement-size "Ref.size.channelGATE" 0.05 0.005 0.005 0.05 0.005 0.005) 

(sdedr:define-refinement-size "Ref.size.fitto" 0.05 0.02 0.002 0.05 0.02 0.002) 

(sdedr:define-refinement-size "Ref.size.pezzo" 0.5 0.2 0.2 0.5 0.2 0.2) 

 

 

(sdedr:define-refinement-placement "Ref.bulk1" "Ref.size.pezzo" "pezzo") 

(sdedr:define-refinement-placement "Ref.bulk2" "Ref.size.channelGATE" "channel") 

(sdedr:define-refinement-placement "Ref.bulk3" "Ref.size.channel" "channelGS") 

(sdedr:define-refinement-placement "Ref.bulk4" "Ref.size.channel" "channelGD") 

(sdedr:define-refinement-placement "Ref.lat1" "Ref.size.pezzo" "pezzolat1") 

(sdedr:define-refinement-placement "Ref.lat2" "Ref.size.pezzo" "pezzolat2") 

(sdedr:define-refinement-region "Ref.cap" "Ref.size.fitto" "Cap") 

 

; GENERATE MESH (CHANGE THE NAME IN " " FOR DIFFERENT  STRUCTURES) 

(sde:build-mesh "snmesh" "" "n@node@_msh")  

 

*************************************sdevice_des.cmd************************************* 



File {* input files: 

 Grid    = "@tdr@" 

 Current = "@plot@" 

 Plot    = "@tdrdat@" 

 Parameter = "@parameter@" 

} 

 

# Please do not change this Section 

Electrode{ 

  { Name="Gate"   Voltage= 0.0 Schottky Workfunction = 5} 

   { Name="Drain"   Voltage= 0.0 EqOhmic} 

  { Name="Source"   Voltage= 0.0 EqOhmic} 

  } 

 

Physics { 

   Mobility(DopingDependence eHighFieldSaturation) 

   EffectiveIntrinsicDensity( NoBandGapNarrowing ) 

   Fermi 

   Recombination(SRH Auger Radiative eAvalanche(Eparallel)) 

   Piezoelectric_Polarization (strain activation = @act@) 

   Aniso(Poisson direction = zAxis) 

   Heterointerface 

   Temperature = @T@ 

} 

 

Physics( RegionInterface="pass1/Cap" ){ 

 Traps( 

  (Donor Level Conc= @Conc@ EnergyMid= 0.7 FromMidBandGap) 

 ) 

} 

 

Physics( RegionInterface="pass2/Cap" ){ 



 Traps( 

  (Donor Level Conc= @Conc@ EnergyMid= 0.7 FromMidBandGap) 

 ) 

} 

 

Physics( RegionInterface="Bulk/Base" ){ 

Piezoelectric_Polarization(activation = 0)} 

 

Physics( RegionInterface="Lat1/Baselat1" ){ 

Piezoelectric_Polarization(activation = 0)} 

 

Physics( RegionInterface="Lat2/Baselat2" ){ 

Piezoelectric_Polarization(activation = 0)} 

 

Physics( RegionInterface="Lat1S1/Baselat1S1" ){ 

Piezoelectric_Polarization(activation = 0)} 

 

Physics( RegionInterface="Lat2S1/Baselat2S1" ){ 

Piezoelectric_Polarization(activation = 0)} 

 

Physics( RegionInterface="Lat1S2/Baselat1S2" ){ 

Piezoelectric_Polarization(activation = 0)} 

 

Physics( RegionInterface="Lat2S2/Baselat2S2" ){ 

Piezoelectric_Polarization(activation = 0)} 

 

Physics( RegionInterface="Lat1_agg1/Baselat1_agg1" ){ 

Piezoelectric_Polarization(activation = 0)} 

 

Physics( RegionInterface="Lat2_agg1/Baselat2_agg1" ){ 

Piezoelectric_Polarization(activation = 0)} 

 



Physics( RegionInterface="Lat1_agg2/Baselat1_agg2" ){ 

Piezoelectric_Polarization(activation = 0)} 

 

Physics( RegionInterface="Lat2_agg2/Baselat2_agg2" ){ 

Piezoelectric_Polarization(activation = 0)} 

 

Physics( RegionInterface="Bulk/Lat1" ){ 

Piezoelectric_Polarization(activation = 0)} 

 

Physics( RegionInterface="Bulk/Lat2" ){  

Piezoelectric_Polarization(activation = 0)} 

 

 

Physics( RegionInterface="Bulk/Lat1_agg1" ){  

Piezoelectric_Polarization(activation = 0)} 

 

Physics( RegionInterface="Bulk/Lat2_agg1" ){ 

Piezoelectric_Polarization(activation = 0)} 

 

Physics( RegionInterface="Bulk/Lat1_agg2" ){ 

Piezoelectric_Polarization(activation = 0)} 

 

Physics( RegionInterface="Bulk/Lat2_agg2" ){ 

Piezoelectric_Polarization(activation = 0)} 

 

Physics( RegionInterface="Bulk/Lat1S1" ){ 

Piezoelectric_Polarization(activation = 0)} 

 

Physics( RegionInterface="Bulk/Lat1S2" ){ 

Piezoelectric_Polarization(activation = 0)} 

 

Physics( RegionInterface="Bulk/Lat2S1" ){ 



Piezoelectric_Polarization(activation = 0)} 

 

Physics( RegionInterface="Bulk/Lat2S2" ){ 

Piezoelectric_Polarization(activation = 0)} 

 

Physics( Region="Lat1_agg1" ){ 

Piezoelectric_Polarization(activation = 0)} 

 

Physics( Region="Lat2_agg1" ){ 

Piezoelectric_Polarization(activation = 0)} 

 

Physics( Region="Lat1_agg2" ){  

Piezoelectric_Polarization(activation = 0)} 

Physics( Region="Lat2_agg2" ){ 

Piezoelectric_Polarization(activation = 0)} 

 

Physics( RegionInterface="Lat1S1/Lat1_agg1" ){ 

Piezoelectric_Polarization(activation = 0)} 

 

Physics( RegionInterface="Lat1_agg1/Lat1" ){ 

Piezoelectric_Polarization(activation = 0)} 

 

Physics( RegionInterface="Lat1/Lat1_agg2" ){ 

Piezoelectric_Polarization(activation = 0)} 

 

Physics( RegionInterface="Lat1_agg2/Lat1S2" ){ 

Piezoelectric_Polarization(activation = 0)} 

 

Physics( RegionInterface="Lat2S1/Lat2_agg1" ){ 

Piezoelectric_Polarization(activation = 0)} 

 

Physics( RegionInterface="Lat2_agg1/Lat2" ){ 



Piezoelectric_Polarization(activation = 0)} 

 

Physics( RegionInterface="Lat2/Lat2_agg2" ){ 

Piezoelectric_Polarization(activation = 0)} 

 

Physics( RegionInterface="Lat2_agg2/Lat2S2" ){  

Piezoelectric_Polarization(activation = 0)} 

 

Plot{ 

*--Fields, charges, energies (Chapter 7) 

   ElectricField/Vector Potential SpaceCharge 

   eQuasiFermiEnergy hQuasiFermiEnergy 

   eEffectiveStateDensity hEffectiveStateDensity 

*--Densities and Currents, etc (Chapter 8) 

   eDensity hDensity DonorConcentration AcceptorConcentration 

   TotalCurrent/Vector eCurrent/Vector hCurrent/Vector 

   eMobility hMobility 

   eVelocity hVelocity 

   CurrentPotential  

 

*--Temperature (Chapter 9) 

   eTemperature  

   * hTemperature Temperature 

 

*--Heat generation 

   * TotalHeat eJouleHeat hJouleHeat RecombinationHeat 

 

*--Driving forces 

   eGradQuasiFermi/Vector hGradQuasiFermi/Vector 

   eEparallel hEparallel  

   eEnormal hEnormal 

 



*--Band structure/Composition 

   BandGap  

   Affinity 

   ConductionBand ValenceBand 

   xMoleFraction 

   ConductionBandEnergy ValenceBandEneergy 

 

*--Traps 

   eTrappedCharge  hTrappedCharge 

   eGapStatesRecombination hGapStatesRecombination 

 

*--Piezoelectric effect 

   PE_Polarization/vector 

PE_Charge 

   PiezoCharge 

} 

 

Math { 

 Iterations= 100 

 EquilibriumSolution(Iterations= 500) 

 ExtendedPrecision 

 Digits= 8 

 Method=Blocked 

   SubMethod=ILS 

NumberOfThreads=10 

 eDrForceRefDens= 1e8  

 hDrForceRefDens= 1e8 

} 

 

################################################ 

# COMPUTE EQUILIBRIUM SOLUTION 

################################################ 



 

Solve { 

 # initial solution 

 Coupled(Iterations= 500){Poisson} 

 Coupled(Iterations= 500){ Poisson Electron Hole  }  

 Plot(FilePrefix="equil@node@") 

 

Quasistationary ( 

  InitialStep= 0.000001 Minstep= 1e-12 MaxStep= 0.05 

  Goal{Name="Drain" Voltage=1} 

 ) { 

  Coupled {Poisson Electron Hole} 

  Plot(FilePrefix="n@node@_Vd1" Time=(1)} 

NewCurrentPrefix="IdVg_Vd1_pos" 

Quasistationary ( 

  InitialStep= 0.0001 Minstep= 1e-12 MaxStep= 0.05 

  Goal{Name="Gate" Voltage=2} 

 ) { 

  Coupled {Poisson Electron Hole} 

  Plot(FilePrefix="n@node@_Vd1Vg2" Time=(1)) 

} 

 

Load(FilePrefix="n@node@_Vd1") 

NewCurrentPrefix="IdVg_Vd1_neg" 

Quasistationary ( 

  InitialStep= 0.0001 Minstep= 1e-12 MaxStep= 0.05 

  Goal{Name="Gate" Voltage=-4} 

 ) { 

  Coupled {Poisson Electron Hole} 

  Plot(FilePrefix="n@node@_Vd1Vg-4" Time=(1))} 

} 

 



**************************************sdevice.par**************************************** 

Material = "GaN" { 

#include "GaN.par"} 

 

Material = "AlGaN" { 

#include "AlGaN.par"} 

 

Material = "AlN" { 

#include "AlN.par"} 

 

Material = "Si3N4" { 

#include "Si3N4.par"} 

Piezoelectric_Polarization{ 

Formula = 2} 


