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Modeling of GaN HEMTs With Open Source Qucs-S Circuit Simulation
and Compact Device Modelling Technology: Presentation Content

@ Qucs-0.0.19-S-RC6 Simulation and Compact Device Modelling Tools
@ Introduction to the Qucs GPL Verilog-A Module Synthesizer

@ Qucs modelling of the " Efficient Power Corporation (EPC)” GaN
EPC2001 Power Transistor

@ Qucs Verilog-A Modeling of the "MIT Virtual Source GaN-RF HEMT
Compact Device Model 1.0.0": Problems Simulating with ADMS;
Workarounds and Typical Simulation Data

@ Qucs-0.0.19-S-RC6 XSPICE Code Modeling package

@ Qucs-0.0.19-S-RC6/Ngspice/Xyce Circuit Analysis and Compact Device
Parameter Extraction from Manufacturers Data or Measurements
Controlled by Octave Script Files

@ Summary
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Qucs-0.0.19-S-RC6 Simulation and Compact Device Modelling Tools

Quos controlled process

Manual process

Vbovg

Qucs-S controlled process

Common process/data
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Introduction to the Qucs GPL Verilog-A Module Synthesizer: Part |

Qucs-0.0.19-S-RC6 includes the Qucs GPL Verilog-A synthesis tool for
compact device modelling.

@ The Qucs-0.0.19-S-RC6 Verilog-A synthesizer is a fully working version of
this new open source ECAD tool.

@ It is for test purposes: bugs are likely but it is now more stable than the
initial release.

@ Verilog-A device models and circuit macromodels can be synthesized from
the following Qucs/SPICE built in components:

@ e __"_€ o—c- Equation $ Inoise
Egnt
y=1 > — SUB —
EDD
'+
N N Y @ Subclrcult Parameters
VCCS CCCS VCVS CCVS
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Introduction to the Qucs GPL Verilog-A Module Synthesizer: Part Il

Structure:

Visualisation

Model

ngspice
SPICE
netlist
code

QUERADMS “Turn Kay”™
Vorlog A 1o Cor
syrthesizor

Verilog-A
module
code

Part of Ques-0.0.19/S release. Ques
schematic
capture

External GPL SPICE circuit simulators.

QUes/ADMS “Tum Koy
Vertog A o C:
synivasi

Verilog-A
module
code

Ques synthesised SPICE netlist
and Verilog-A module code.

ADMS-2.3.4 Analogue Device Model
Synthesiser. i i

=
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tion to the Qucs GPL Verilog-A Module Synthesizer: Part Il

Data flow through the Qucs GPL compact device modelling tool set.

QUCS FILTER SYNTHESIS = VERILOG-A MODEL SYNTHESIS QUCS/ADMS VERILOG-A DEVELOP TEST CIRCUIT, SIMULATE

"TURN KEY" AND EVALUATE OUTPUT DATA
Realization ; LC ladder (pi-type) “Include "discipines.vams* COMPILER
gpe B;SS:‘ “include "constants.vams” | Create circuit schematic and simulate
lass: andpass module BPF2(P1, P2);

Order inout P1, P2
Ftart 1GHz electrical P1, netoL1, nt, P2, netoL2, netoL3;
Fslop: 2 (Hz analog begin
Impedance: 50 Ohm @il mose)

begin

o bet

I(_netoL1) <+ dat(V(_netoL1)); Equation
I netoL1) <+ (V(P1)); Eqnt
I(P1) <+ V(_netoL1)/(11.79n+1e-20); 4BS21-0B(S[2,1])
I(P1) < dal( (V(P1)) * 1.074p ); dBS11=0B(S[1,1
\EJ\;N‘)LZ <Eddt((\l insmLZ)‘p ! (S paints-201
I(_netoL2) <+ V(n1,P2); T -
(n1,P2) <+ V(_netOL2)/(7.723n+1e-20); Edit text symbol
I(P1,n1) <+ ddi( V(P1,n1)* 1.64p )
I(_netoL3) <+ dat(V(_netoL3)); o o
I(_netoL3) <+ (V(P2)); = &
1(P2) <+ V(_netoL3)/(1.806n-+1e-20); ] K
1(P2) <+ dal( (V(P2)) * 7.014p ); o i
end
endmodule
C-1.074pF C7014pF 0055 168 110 3e10  1e8 168 1610 3e10
frequency frequency

Build Verilog-A module from subcircuit

‘ Plotted and tabulated simulation data
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Introduction to the Qucs GPL Verilog-A Module Synthesizer: Part IV

Synthesis of a SPICE like compact semiconductor diode model: EDD static Iy

and dynamic capacitance model
code.

Click on File tab

> synthesized Verilog-A module

“include “disciplines vams~
Include " 3

| Build Verilog-A module from subcircuit
Peathode

[Panode

Panodet |~
A-Rs

B ‘\m

srcr

il s

Equaton | e

eant

e rompi27315) Caraf)
(KB*(Tempy g = R=RMAX
5NN

Peathode

o3[ poathode

N
1M (1-exp( (1-Mn(1-F))
Pl (1+M)'in(1-F)

D1
1= Arearls*(Imexp(V1/(N*VY)-1)
Q1= (V1 <= Con2) ? TEV2+Area’(CIOVY/(1-M)*(1-exp( (1-MYIn{ 1-V1NV))): T'V2+AreaCl0*(F1«(1/F2)"(F3*(V1-Fo'Vi)+(WA2'V]))(V1*V1-Fe FerVj*V]))
12=0
Q2-0 " - ;
Diode subcircuit EDDdiode2.sch

module EDDdiode2(Panode, Peathode);

inout Panode, Peathode;

electrical Pcathode, n2, t, Panode, nd, n3;

parameter real Area=1 parameter real Is=1e-14;
parameter real As=0.1;  parameter real N=1;
paramoter roal Tomp=26.85; parametor roal
parameter real Fe-0.5 parameter real
parameter real Cj0=1e-12;  parameter real Tt=Te-12;
real RMAX, Vt, Cont, Con, F1, F2, F3;

analog begin
@nital model)
begin

RAMAX=Te15;  Vi=(P_K(Temp+273.15))P_Q;
Cont=5"N'Vt; Con2-FeV];
FA=(VY(1-M)"(1-exp((1-M)"In(1-Fo)));
F3=1-Fe'(14M);

F2=exp((1+M)'In1-Fc));

I(Peathode,n2) < V(Peathode,n2){ RMAX );
I(n1,Panode) < V(n1 Panade/( Rs );
I(nt Panode) < white_noise( 40" Pyc"( 26.85 + 273.15) / (Rs ), "thermal" );
1(01,02) ¢+ V(n1,02) * 163 I(03,0d) <+ I(n3,04) “1e-3; Iin3nd) <+ V(n1n2) 166 ° 1
1(n2,Peathode) <+ Areacls (imexp(V(n2, Poathode)/(N*Vi)-1)
1(n2,Peathode) <+ ddt( (V(n2,Peathode)<=Con2) 2 TI°V(nd,n3)+ Area*(Ci0"VJ/(1-M))*
(1-exp(1-M)'In(1-V(n2,Peathode) V)
TEV(nd 03} AreaCl0*(F1+(1/F2)"(F3*
V(n2,Poathode)-FcVi)«(MI2°Vj)"
V(n2,Peathode)V(n2, Peathode)-Fe*FeV]' V) );

endmodue
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Introduction to the Qucs GPL Verilog-A Module Synthesizer: Part V

Synthesis of a SPICE like semiconductor diode model: simulated static and
dynamic characteristics.

m &= Ind
Tna %Pi W vl EV —

EDDdiode24 ¢ Num=1
250 Ohm sp1

51014 oypias I
Rs=0.1 Vi Type=const

oct

V10 Sim=DC1 =
p Param=Vbias
M=05 Eqnt Starte0 Equation
Cjo=te-12  DC1 Plotid=PlotVs(Prid., nd.V) oy » Eant swi
Tt=te-12 op= q Sim=sP1
Points=101 y=stoy(S) Type=lin
Cd=PlotVs(imag(y[1,1])/Omega,Vbias) ™
Omega=2"pi*frequency C Param-Vblas
35 1 Start=0
01 Stop=0.8
3 001 Points=200
1e-3 Te- 0.1
25 fe-4 0.01
1e5 tos 103
o
2 16 1e-4
z o fe7 105
2.5 L o8 1e-10 le6
1e9 < = :e';
1e-10 © =
1 | te-11 le-9
fe-1 1e-10
05 fet2 1e-11
1e-13. 1e-12 1e-12
o 1e-14. 1e-13
I te-ts te-14
fe- -
o5 1 fe- o5 t o2 o4 o0& o8 '© 02 04 o6 08
N Vbias (V)
Vd (A) vd (A) V) Vbias (V)
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Introduction to the Qucs GPL Verilog-A Module Synthesizer: Part VI

Verilog-A synthesis of a SPICE like semiconductor diode model: temperature

effects

ecuation
@ Parocat -
£00dods! Jpanoe AAX-To12
TieTromi279.15 - 5
T2 Tanpi27a 15
G-
ATz
- ol )
F2-anpl (1M
Fo(tab)
A
Fepax O TI-EGATITUETY)
T e AT
Prathode LT g T (T T T
et G T2-G0(1 M0
T2 AT o 0TI 7211
Pt
wi Gont)? veas_T2ImexptVINVI) 1) 5. T2
Gon2) 7 V21 Are(G_T2VT2(0M) 188 (1M 1AV T2) ¢ T2 Araa T2 (P21 F3H VA T2) WL T2 VAVA-Fe PV T2T2)

Qucs EDD diode model with temperature effects

@-3-@

o sl vamE

include “constans vams” Synthesized Verilog-A code

mote EDDdade3(Peatiace,Panads)

i Panode, Panode;

secirca Poatade, 2, 1, Pancd, d, 3,

paramete rea Area-1; _parameet ea 5161 parameler el Rs-0.1 parameler eal Ne1

parameter rea Tertp-20.85; parameler eal V-10; parametr el F-0.5 parameet real 05
Ye-12,_ parameler ea Ti-1e-; paramete ea Tron. gt

pe
perametr eal XTI-3.0;
teal RMAX, T1, T2, Con, Cor2, W, F1, F2,F3, A B. Eqr 1, E9:2, Vir2, G012, Is:2;

analog begin
@(rital_mode)
o1 73.15; T2-Tomps2 Conz-ForVi VI-P_K'T2/P_;
ARy o a1 Fol Erwpie w I, PR AT 020, 110
5 A°TITH(BTY); Egr2-Eq A'T2T2(BAT:
A (T eort £

o6 (T2T1) (Vr2 VIV
oz e T T I Eprn

T2

R pRT——
I(Pcathoce2) <y whie noia( 0Py 26,85  273.15)  RMAX), Themal)

(2685 + 273.15) (Rs | ‘hemal'

168, ) <1 1(0300) 103 (B) <1 V{nn2) * 106

1(02,Peathods) <1 (V{r2 Pealhad)>-Cont)?Avearler2"(imexp(n2 Pealhode) (N"VI}-1)-4sr2.

1(02,Peathods) <. 4l (V(r2,Peathade) <=Cor2)TEV(403)sArea’(CJOT2"VIr2(1-M) (1-05p((1-M)
In{1-V[o2 PeabodsVir2)):
IV 73} Area" 02 14{1/F2) (F3"(V{o2 Peathod)- FerVir2)s (W(2Vir2)”
(V(r2 Peathocs)Vin?, Peathode)-Fe FeViy2Vig2) )

1009) ¢ (VT3 AAX )

1(03) <+ whis_peise{ 40" Py( 2636 + 273.16) { RMAX ), “hermal' )

end

endmodule

9/40




Introduction to the Qucs GPL V sizer: Part VII

Verilog-A synthesis of a SPICE like semiconductor diode model: simulated
l4 — V4 temperature effects.

= ] 0

= ==
PriDD PriDD
Vi = = ==
- prieop (Y7 5
oo o (78 e ]
de simulation | O IDE‘ rn EDDdiode3! 02
Aveast sletdA g ltedA 3 =
fs=to-14 N-1 SGres Is=Te-14 N=t 58 1es
Rs=0.1 ey Rs=0.1 co-tp & &
N=1 . N=1 M=0.
Tomp<Tamp e V1.0V Tomp=Tomp_sw V=10V
Vi=1.0 - Vj=1.0 Fe=0.5
swi Feno5 R0 t1om s vto s
Sim=DC1 Tt swi reos
Type-lin Tomp-Tomp_sw Sim=DCt o
Param=Temp_sw  Tta1. Xti=3.0 Type=in K s
Start=-20 Trom-2685  Eg=1.11 Param=Tomp_sw 11 3
Stop-80 Eget1 Tnom-26.85 Starl--20 . ¥
Points=51 XTI=3.0 Area=1.0 0 0 20 L] 60 Stop=80 Eg=1.11 ;’r‘::if:-“ Te-845 ) F) 7 &
Temp_sw (Celsius) Points=51 XT=3.0 = Tomp_sw (Celsius)

-3 Qucs EDD model and built-in diode model Verilog-A model and built-in diodenyofiejo



Introduction to the Qucs GPL Verilog-A Module Synthesizer: Part VIII

Verilog-A synthesis of semiconductor device shot and flicker noise: EDD

models and Verilog-A module code.

Shot_NoiseR11

Noise model symbols

FLICKER

Fiicker_NoiseR1 1
Ki=te-16

Flo=1

A=

P
o J D1

4 R2 11-0

e L Retea 20
o 13sqrt(2'q((V2*163) +10-20))'V1
-

cjf_ nshot

P3

(2 I

obl Lt

“include “disciplines.vams"
include "constants.vams™

module Shot_ NoiseR1(P1, P2, P3, P4);

inout P, P2, P3, P4

electrical nShat, P2, P1, P, Pd;

analog begin

@(initial_model)

begin

end

I(nShot) < (V(nShot))( 1);

I(nShot) < white_noise({ ‘shot" );

1(P2,P1) < V(P2ZP1)( 163 );

1(P3,P4) ¢+ sqrt(2 Pa’((V(P1,P2)"163)16-20))'V{nShot);
end

endmodule

Compact modelling

Synthesized Verilog-A module code

TEMPLATE
[3
RS 11-0

pr [Retes Q=0

o 12-0

5 Q2=

o4 13=sqt(exp(ArIn((V2"163)+1e-30)) V1

o Q30

"5

|p3 [nFiicker

o=

P7

py | L]

P8

include "disciplines vams”
“include "constants.vams

module Fiicker_NoiseR1(P1, P2, P3, Pé);
inout P1, P2, P3, P4;

eloctrical P2, P1, nFlicker, P3, P4;
parameter real Ki=1e-12;

parameter real Ffe=1

parameter real Af-1

analog begin

@(initial_ model)

1(P2,P1) ¢+ V(P2,P1)/( 163 )
I(nFlicker) < ficker_noise(K!, Fte, "ficker");

I(nFlicker) <+ (V(nFlicker))( 1)

(P3,P4) <+ sart(exp(A'In((V(P1,P2)" 163) +16-30)))"VinFlicker);
ond

endmodule

11/40



Introduction to the Qucs GPL Verilog-A Module Synthesizer: Part IX

Verilog-A synthesis of semiconductor device shot and flicker noise: small signal

AC domain simulation data.
&= =

o SHoL =L 1e7
\:\swP"dc nShotFlicker

VA y
L 1| Srot NaseRt1 1os
109
FLICKER Flicker_NoiseR1 1
Ki=1e-16 1610
Ffe=1
VA Af=t
4 = Te-11
te-12
ac simulation | 5 g
At & 2
[
Type=log swi é ot 2
start=0.01 Sim=AC1
Stop=100k Type=lin
Points=141 Param=Isw To-15
Noise=yes Start=0
Stop=1
Points=11 1e-16:
! 1e17
o5 1e-18.
&
o 1619
fo.
01 02 03 04 05 06 07 08 09 3e 001 01 1 10 100 1e3 ted 1tes
o 86T 0T T 1 100 1 1ha 1es aeuaney

acfrequency
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Introduction to the Qucs GPL Verilog-A Module Synthesizer: Part X

Verilog-A synthesis of multi-EDD models: EKV2p6 nMOS
las = f(Va, Vi, Vs, Vi) model for a transistor operating in long channel mode.

“inciude "dscpines vams"
“include "consianis.vams"

o1 moduie EKV_VA(PB, PG, PD, PS);

11=((V2+K2) > 0) 7 V2+KB-GAMMA(sqr{V2+K3+K2)-KT)) : -PHI inout PB, PG, PD, PS;

electical PD, PS, i, nif, nBETA, mn, nVP, PG, PB;
paramelor real

parametor real W=20u;  parametor real VTO=0.5;

02
111,04 GAMMAV(2sqrl{V3+K4))
af

P 07; par PHILO5; P KP-20e-6:
oK1 THETAVY)  [Equation parametor real THETA=506-5; _ parameto real Tomp=26.85;
03 az-0 veal TempK, KS, VT, K1, K2, K3, Kb, K6, K7, K&
130 Eqnt analog begin
[ TompK-=Temp+273.15 @(initial_model)
™ -0 KS-KP*WIL bogn
=1 VT=KB"TempKig TompK=Tomp+273.15;  K5=KP'WIL; VT='P_K'Tompk/P_Q;

KI-GAVMMA'Z;  K2=VTO:PHI: GAMMA'sqri(PH);
K3-KI°KT; HIs @ VT);

KB=U(2'VT); K7-2'VT'VT,  Ke-K2-PH

end

I(PD.PS) <+ K7*V{an) V(nBETAY (V(nlf V(nr);
I(OVP) <+ -(((V(PG, - (qri(V(PG, P HI);
I0VP) < VInVPY( 1 );

I(BETA) < (- V(1BETA( 1));

1(00) <4 -(1.04GAMMA/2"sartV(VP} o Ka));
(NBETA) <+ -(K5/(1THETA"(V(nVPY):

1) <o (Vi 1)):

el rh e
QMQM

03
1=In(1 +limexp((V3-V5)"K6)In(1imesp( (V3-V5)'K6)
ar=0

Tomp=26.85

12=In(1 +imexp((V3-V4)"K8))"In( imexp (V3-V4)'Ke))
Q-0

-0 P

a3=0 nif Inir
el
|

D4
[P 11=KrVsV"(Va2)
at-0

et 0 [T K)o (VD1 )
1) < (VIO 1)
es] | () <+ {n(1 oyt e
ona
Tomp-zogs  Lendmodue
Qucs EDD EKV2p6 Ids=f(Vd, Vg, Vs, Vb) model Synthesized EKV2p6 Ids=f(Vd, Vg, Vs, Vb) Verilog-A code

439 13 /40



Part Xl

Verilog-A synthesis of multi-EDD models: EKV2p6 nMOS
las = f(Va, Vg, Vs, Vi) swept DC simulation data.

M1
L=10u
W=20u
VT0=05
GAMMA=0.7
PHI=0.5
KP=20e-6
THETA=50e-3
Temp=26.85
Parameter || | Parameter
sweep sweep
Equation sw3 Sw4
Sim=DC1 Sim=SW3
Eqn3
Ids=Pr1.l Type=lin Type=lin
: Param=Vds Param=Vgs
Start=0 Start=0
Stop=5 Stop=3
Points=32 Points=6
Ids EDD versus Vds
/P Vgs

Equation
Eqn2
Ids_VA=Pr2.|

EKV_VA1
L=10u
W=20u
VT0=05
GAMMA=0.7
PHI=0.5
KP=20e-6

lds_VA versus Vds
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Qucs modelling of the " Efficient Power Corporation (EPC)" GaN EPC2001
Power Transistor: Part | EDD Subcircuit Compact Device Model

Qucs-S EDD subcircuit model of a EPC2001 enhancement GaN power transistor -See Application Note: An005 Circuit
Simulation using EPC Device Models, Efficient Power Conversion Corporation,Copyright 2011, www.epc-co.com.

pafp __[Pd
GaN_EPC1 D2
25 ]
7998 1
alTe=5.4860286-3 L] e nd
- =Ry
K2=2.259866 — anion
Eqnt
ks 1 Rdst EQ1-AT*(1-alTe"(Temp-25))
JeNN o P N I | N Ry e Rae-ret oty
Pg1 Rgl “ - Rgd=1e11/aWg
R-Rg Rds=tet1/aWg
Rd=0.75"para
fgst 25'ara
o 6"1077/aWg
=Rgs EQ2-1.0+ax0Tc*(Temp-25)*(Temp-25)
Pd — £Q3-05"aWg
" na| [ ks
D3
D1
Ps

1=(V1 > 0) ? EQ1*In(1.0+exp( ( V3-k2)k3))"V1/(1.04max( (x0_0+x0_1*V3/EQ2), 0.5)'V1) : -EQ1*In(1.04exp( ( V2-k2)K3))*(-V1)/(1.0+max( (x0_0+x0_1*V2/EQ2), 0.5)(V1))
Qi=asdi*V1 + (asd2*asd4"In(1+exp( (Vi-asd3) / asd4 )) + asd5*asd7"In(1 + exp( (V1-asd6)/asd7 )) )

H=(V1 > 10) 7 (EQ3/1077°( dgs1*(exp(10.0/dgs3)-1)scigs2*(exp(10/dgsd)-1))) : (EQ3/1077*( dgs1"(exp(V1/dgs3)-1)+dgs2'(exp(V1/dgsd)-1)))
3168e-10 Q1=agdi*V1 + (0.5%ags2"ags4In(1-+exp( (V1-ags3) / agsd )) + agd2*agadd*in(1 + exp( (V1-agd3)agdd )) )

ags3-1.997 3

ags4=2.83776-1  11_(y1 5 10) 7 (EQA/1077°( dgs1"(exp(10.0/dgs3)-1)+dgs2*(exp(10/dgs4)-1))) : (EQI/1077*( dgs1*(exp(V1/dgs3)-1)sdgs2"(exp(V1/dgs4)-1)))
gs! 7516-10 q1-ags1*V1 + (0.5'ags2"agsd*In(1+exp( (V1-ags3) / ags4 )) + ags5*ags7*In(1 + exp( (V2-ags6)/ags7 )) )

163

Ported from the EPC mathematical model common to LTSPICE, PSPICE, TSPICE and Spectra netlist models. |
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Qucs Modeling of the " Efficient Power Corporation (EPC)" GaN EPC2001
Power Transistor: Part |l DC Test Bench and Typical Simulation Curves

Output Curves for EPC2001 model
GaN_EPCI dc simulatiol

Tomp=25 oC1 100

A1=41.7998 90

alTc=5.4860280-3 < go

¥2-2.259866 €

K3=1.26-1 v 3 g Z,g

aWg=1077 U=Ves _T_ 2 s

rpara=4.463059¢-3 g 40

X0_00.75 = ’

X0_1=1.10 2 zg

ax0Tc=0.750-4 T

dgst=4.de-7

dgs2-2.60-13 05 1 15 2 25 3
dgs3-08 sw2 Vds - Drain to Source Voltage (V)
dgs4=0.23 Sim=DC1

ags1-8.69520-10 Typo=lin

agdi=1.4182e-11 Param-Vds

asd1=3.3621e-10 Start=0 100

asd3«1.2803e1 Points=201 < 80

254=2.269 ] z
asd5=2.518e-10 Parameter | 5 60 E
asd6=-4.0599¢1 4 4
sd7=2.0638e1 P S w0 S
agd2-2.14750-10 o 3 [ ve-orain Votage - 3v

‘gizs:g‘ Sim=Sw2 20

agdd=

2082-5.31680-10 e e , N NN
8gs3-1.997 Start=2.0 2 ! e v !
ags4=2.8377¢-1 Stoped.0 Vgs -Gate to Source Voltage (V)

ags5=-1.4751e-10 Pokriacs

ags6=-7.5163

ags7=7.121
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Qucs Modeling of the " Efficient Power Corporation (EPC)" GaN EPC2001

Power Transisto

EDD subcircuit

EPCZOm 1

dgs1 4407

ag2-2.1475¢-10
d3--3.803

ags2-5.3168e-10
ags3=1.997
ags4-2.8377e-1

ags7=7.121

nPd

nps|

|

Build Verilog-A model from subcircuit

Id - Drain Current (A)

15
Vds - Drain to Source Voltage (V)

nclude "disclpines.vams™

Include "constans. vams" EPC2001 Synthesized Verilog-A module code

Inout nPs, nPd, nPg; slectrical ng, s, nd, s, NPd, nPg;
Dnmmelev real Tomp-25; Dammelevvemm—u 7998;  parameter real aTo-5. 48602863,
parar 1201 par 1077;
s A RSSO0 prumetr 078 bt ot .10
parameter real ax0Tc-0.750-4;  parametor real dge1-4.40.7;  parameter real 4gs2-2.66-1%
parameter real dgs3-0.5; 1934-023;  paramotor

Parametr 101 8091-141820-11; paramta o aca1-3.36210-10;

parameter real -1.280301,

parameter real asa5-2.5186-10; p:vzmslsusz\zmﬁ-Auﬁsss\ parameorroat as07-2 083801

lor real aga3--3.803;  paramelr real agd4-5.9551
paamatr st agea-1 657, pramaer e g2 83776
parameter real ags6=7.5163;  parameter real ags

1e11/aWg; Rd=0.75"rpara
Ris=0.25'rpara; Rg=0.6+1077/aWg; EQ2=1.0+ax0Te"(Temp:25)"(Temp-25); EG-0.5"aWg;
ena
1(0g.5) <+ Vingns)(Rgs ): 1(1G.1s) <+ whit.nolse( 4.0" P.K"( 26.85 + 273.16)  ( Rgs ). “thermal” )
1(0g.0e) <+ VIngny( Rga ); 1(g.10) <+ whie noise( 4.0" PK'( 26,85 + 273.15)  (Rga), “thermal” )
1(7819) ¢+ Vins,nd)( R ); 1(15,00) < whitenolse( 4.0" P.K"( 26,86 + 273.16) Rds ) “thermal” )
1(ndns) < (V(ndn)>0) 7 EQIInC g

L s A A AR o A oA
1(7.05) <+ 001 a591°V(n, )+ (as02°a504"Y
1(0g.00) <4 (V(ng,0)>10) 7 (EQ3/1077 (a1 (@xp(10.0gs3)- muq:z'(ew(\u'mn) i

1(0g.00) < G aga1°V(0g.n)s (0.5°ags2°agea" agaa

HOPS.08) < V(oPs,ns)/( Rs )
(PS.ns) < whitenolsa( 40" P 26.85 4 273.15) /(R ), thermal’ ), 1(nd,1Pa) ¢+ Vind nPa)/(Ra ),
1(1.Pd) < whie nolse( 4.0°PK*( 26,85 + 273.18) (Rd ), nermal"); I(nPg.ng) < V(nPg,ng)( Rg )

nPgng) <+ whie noise( 4.0°P.K'( 26,85 + 273.15)  (Rg ), "hermal");
ngs) <= (V(ng.ns)>10) 7 (Eaa 1077°(dgs1*(exp(10. Orogsﬁl )2 erp(106354:1)

(dgst*(exp
() <o G ags1 Vg )0 57052 24" ags7In(1+exp((V(nd.
end

enamoduie

Part 11l Synthesis of Verilog-A code for a EPC2001 Qucs
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Qucs Modeling of the " Efficient Power Corporation (EPC)" GaN EPC2001

Power Transistor: Part [V AC Gate Matching Network Test Bench and
Typical Simulation Results

At BasT H s =
R=50 Ohm L=2.35 nH I
. =] i vi L ool
Ll == i U=4v =
v ov V [2.25388uA 2 v 2 EPC20011
Pr_I_nin - N
Z V3 - . ac simulation |
nin —_————
L u-01 2V v Equation o1
+ V2 = = Eqnt Type=log
I u=2v C=71.0pF 2_nin=ninv/Pr_L_nin. Start=1e8
1 = Rin=real(z_nin) Stop=1e9
- Pin=phase(z_nin) Points=1000
b
- 100 7
7 Zin (vgs) b
3 13
o @
e . 50 &
§ 4 Pha Rin 9
3 =
& o 3
2 Ef
H g
y
k| 50
. 8
< 2
« g
1009
1e8 169 @

Frequency (Hz)
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Qucs Modelling of the " Efficient Power Corporation (EPC)" GaN EPC2001

Power Transistor: Part V Switching Response Test Bench and Typical
Simulation Results

e =] =
- = s
u - g
PCB Track G IR s £ Ld
v2 Pg R=0.8 H
U1=0 v 1 = =
u2=3V ) 13 %o A
. e R g PCBTrack Vi 2o \pooe
Ti=toon 7 L=21H R_o.1 VIR
T2-2000 £s 508 107 507 27 2507 307 3507 407
Tr=10ns I3 Time (s)
T=10ns EPC20011 Letn
PCB Track s
R2 3
dc simulati " R=0.001 %m
transie s
2
ot N = Ld I?
simu §
= )
Parameter TR 5 O
2
sweep Type=iin
— Start=0 1e7 1567 267 2507 367 3507 47
Swi Stop=400n Time (5)
Sim=TR1 IntegrationMethod=Gear =
Type=iin Order=4 <
Param-Ld MinStep=1e-20 §
Start=2n Maxlter=1500 3
Stop=10n abstol=100 pA =
Points=4 Vitol=100 UV -1
initialDC=no o
b 568 17 1507 267 2567 3e7 3567 de-7
Time (s)
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Qucs Verilog-A Modeling of the "MIT Virtual Source GaN-RF HEMT

Compact Device Model 1.0.0": Problems Simulating with ADMS;
Workarounds and Typical Simulation Data - Part | Introduction

@ The Analogue Device Model Synthesizer (ADMS) version 2.3.5 is used by
Qucs, Ngspice, Xyce and Gnucap GPL circuit simulators for Verilog-A
compact semiconductor device modeling.

@ ADMS is based on a subset of Verilog-A HDL selected for compact device
modeling.

@ Although the Verilog-A HDL is standardised there is no guarantee that
individual simulator implementations allow the same dialect of Verilog-A
for modeling purposes, for example Qucs Verilog-A models can include
component noise while Ngspice does not implement thermal, shot or
flicker noise.

@ Normally emerging technology Verilog-A compact models have to be
modified, often by hand, to compile without error: specific areas which
can cause problems are

o Internal node collapsing,

o Voltage limiting,

e Setting initial conditions,

o Model equations that include complex combinations of analogue functions,
o Thermal effects due to power dissipation.
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Qucs Verilog-A Modeling of the "MIT Virtual Source GaN-RF HEMT

Compact Device Model 1.0.0": Problems Simulating with ADMS;
Workarounds and Typical Simulation Data - Part || Model Paramete
Statement Error Work-Arounds

o ADMS parameter statements DO NOT ALLOW reference to previously
defined model parameters.

X ADMS synthesis/compile error O K

parameter real vxord = 13067 from [0:int) Source Injection veloclty [omis] parameter real vxord = 13067  from [0:int)
parameter real VIOrd = 2.0, Threshold voltage of drain access transistor(V] parameter real VIOrd = 2.0
parameterreal Cgrd  =5.00-7  from (0:nf) in access areal capacitance [F/cmz] parameter real Cgrd  =5.00-7  from (0:nf)
parameter real from [0:in) parameter real deftaird = 1.3 from [0:in);
parameter roal rom [0:in); parameter real delta2rd =0.30  from [0in)
parameter roal from [0:in); parameter real Vdibsat =2.0  from [Oinf)
parameter roal from [0:in); parametorreal Srd =035  from [0in):
parameter roal from [0:in): parameterreal zeta =00 from [0:in)
parameter roal from [0:inf); parameter real betard =13 from [0inf)
parameter roal =005 from [0in); parameter real vthetard = 0.05  from [0in)
parameterreal ndrd = 0'0.80  from [0:in); parameter real ndrd =080 from [Oinf)
~viord  from [0:n) Source Injection vel parameterreal VIOrs = -2.0;
rora. ‘Threshold voltage of dr: parameter real Vxors = 1.30e7.
parameterreal Cgrs  =5.06-7 from (0ini)
parameter real deftars =13 from [O:nf)
parameter real defta2rs =0.30 from (0:n):
parameterreal Srs =035 from [0:in);
parameter real vihetars =0.05 from (0:n):
slope change In subthreshold parameter real ndrs =080 from [0:nt)
betars = betard  from [0:in) Linear to saturation transition parameter parameter real betars =13 from [0
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Qucs Verilog-A Modeling of the "MIT Virtual Source GaN-RF HEMT

Compact Device Model 1.0.0": Problems Simulating with ADMS;
Workarounds and Typical Simulation Data - Part Il Removing
V(n) < +statements

o ADMS DOES NOT ALLOW voltage contributions of the form
V(n) < +1(n) * R, where R is a resistance in Q,

@ OR statements of the form V/(n) < +0.0,
@ Resistors, for example 0.001€, are used to short nodes (node collapsing),
with /(n) < +V/(N)/0.001.

X ADMS synthesis/compile error O K

if (Rsh > 1e-3 & Ls > 0) "(Tzh::e'S iifw)
I(sisrc) <+ Idsrs; | (si,src) <+ Idsrs;
else
else
V(sre,si) <+ 0; I(si,src) <+ V(si, src)/1e-3;
e o N //Source side contact resistance
//Source side contact resistance _— ey 0y
. X if (Re > 0) begin
if (Re > 0) begin »
Iisre,s) <+ V(src,s)/ (Re/Wg); e’:S':lv:: be;i:‘ V(sre,s)/ (Re/Wg );
end else begin
V(src,s) <+ 0; ISIC‘S) <+ V(src,s)/1e-3;
end ent
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Qucs Verilog-A Modeling of the "MIT Virtual Source GaN-RF HEMT

compact model 1.0.0": Problems Simulating with ADMS; Workarounds and
Typical Simulation Data - Part IV DC Characteristics

Pr Ids £ V2 2 23
MVSGRF11 = U-vds B 5
Rsh=20 £ E
+ V1 or 1 Rth=10 = <ty w1
IU:Vgs -9 5 8 k)
= nPT| 0
Equation i 2 i 2
Parameter Parameter P Vds (V) Vds (V)
qn:
sweep sweep gds_norm=diff(Ids_norm, Vds) 10 107
pow v Ids_norm=Pr_Ids./25e-3 - ol 1
Sim=SW2 Sim=DC1 E o001 E o
. ) < o34 0.01
Param=Vgs Param=Vds ﬁ :::g’ B8 les
Start=-6 Start=0 bet 16 2 :e:
e
Stop=0 Stop=3 abstol=1 pA 1e7 i 5 1061
Points=9 Points=201 Vntol=10 UV
Vds (V)
Maxlter=1500 s (V) Vds (V)
@-3-%
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Qucs Verilog-A Modeling of the "MIT Virtual Source GaN-RF HEMT

compact model 1.0.0": Problems Simulating with ADMS; Workarounds and
Typical Simulation Data - Part V Simulating Thermal self-Heating Effects
Induced by Internal Power Dissipation

@ The ADMS dialect of Verilog-A does not implement the pwr(dt)
statement,

@ Device self-heating is often modelled with a parallel RC network where the
volt drop across the RC combination represents the change in device
temperature due to internal power dissipation,

e Tth = Rth- Pd + Temp(Pd = 0), where Tth is the device temperature at
power dissipation Pd (W).

/I Self-heating
I(PT) <+ ddt( Cth* V(PT) );
I(PT) <+ -( I(di,si) * V(di,si) + I(d.drc) * V(d.drc) + I(src,s) * V(src,s) + V(dre,di) * I(dre,di) + V(src,si) * I(src,si) );
I(PT) <+ V(PT)/Rth;
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Qucs Verilog-A Modeling of the "MIT Virtual Source GaN-RF HEMT

compact model 1.0.0": Problems Simulating with ADMS; Workarounds and
Typical Simulation Data - Part VI Variation of Thermal Resistance Rth and

its Effect on DC Characteristics

MVSGRF11 MVSGRF14 v8
Rth=10 U=Vds Rin-80 U=vds
V1 £ V7 =

" U=0 p
= = wpTe] =
sweep
.
Equation sw2
Eqn2 Sim=DC1
Ids_norm=Pr_lds.l/25¢-3 _ Type=lin
Ids_norm2=Pr_ds1./25-3 E :aramozvds
Ids_norm3=Pr_ds2./25e-3 < S:an:a
Ids_normd=Pr_ds3./25e-3 2 P|9p= o
Temp1=PlotVs(nPT1.V+27, Pr_Ids.I'Vds) ~ oints=
Temp2=PlotVs(nPT2.V+27, Pr_lds1.I"Vds) dc simulation ‘
Temp3=PlotVs(nPT3.V+27, Pr_lds2.I"Vds) Se—
Tempa=PlotVs(nPT4.V+27, Pr_lds3.1"Vds) Dct
abstol=1 pA
vtol=10 UV
o5 1 15 3 25 obs o o Maxlter=1500

Vds (V)

@-3-9

Power = Ids*Vds (W)
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Qucs-0.0.19-S-RC6 Modeling Tool Additions and New Features Currently

Under Development: Moving Forward to the Next Generation of Qucs-S
Circuit Simulation and compact Device Modeling Capabilities

@ Qucs-0.0.19-S-RC6 includes for the first time a "turn-key” XSPICE Code

Modelling package for use with the Ngspice and SPICE OPUS circuit
simulators,

© Qucs-0.0.19-S-RC6 is being extended to include a new Qucs/Octave
integrated tool set for compact device model and circuit macromodel
parameter extraction with data fitting and optimization using measured, or
manufacturer’s published device data, and simulated circuit data - this
new feature is experimental, but should become more stable during the
summer 2016 development period.
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Qucs-0.0.19-S-RC6 XSPICE Code Modeling package: Part | XSPICE Code
Model Subcircuits

Parameter
sweep

* Ques 0.0.19 Zenerdp7.sch
SUBCKT Zenerdp7 nPA nPK
ANInt1 nPK Vrefdp?

R1 Nint1 nPA1

swi
Sim=DC1
Type=lin -10 MODEL Vretdp7 zener(V. breakdown=4.7

ngspice/v(nvdc)
&

Param=V1 o 8 5 4 2 + ibreakdown=20m
v-sweep + r.breakdown=1
+ irev=1e6
Points=201 o — + isat=1e-12)
ENDS
0.0t VPriz nVdc .net0 DC 0 AC 0
R1nVz _net0 220
VinVde 00
XZ1 nVz 0 Zenerdp?
10 8 -6 4 -2 control

v-sweep ‘o8 6 42 set filetype=ascil

ODEL Vv-sweep echo™ > spicedques.cir.noise
echo™ > spicedqucs.cir.pz

dcv10-10-0.0497512
write Test zener4p7_dc.txt VPriz#tbranch v(nVdc) v(nVz)
destroy all
reset
exit
endc
END

ngspice/v(nvz)
P

$

ngspicei(vpriz)

-0.02:

zener!

Line_1 =.MODEL Vrefdp7 zener(V_breakdown=4.7 i_breakdown=20m
Line_2=+ r_breakdown=1

Line_3=+ i_rev=1e-6

Line_4=+ i_sat=1e-12) @—@—e >
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Qucs-0.0.19-S-RC6 XSPICE Code Modeling Package: Part Il XSPICE

CodeModel Support Subsystem

@ The "XSPICE generic device”
component is the foundation for

o Precompiled XSPICE device
(*.cm) library support, and

e Dynamic XSPICE Code Models
compilation system which allows
Code Model sources to be
attached to a schematic and
compiled automatically at
simulation time.

| POy

@ Precompiled Code Model *.cm library
attachment data flow diagram

Schematic

Preconpiled
CodeModel library
XSPICE Generic
device

spice_netlist()
.MODEL

spice netlist()

I

SPICE Netlist

.spinit file

Qucs GUI

visualization
Ngspice simulator
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Qucs-0.0.19-S-RC6 XSPICE Code Modeling package: Part Il "XSPICE
Generic Device” Component

@-3-

@ The "XSPICE generic device” component is a building block for the
construction of user-defined A-devices. It is defined by a comma separated
port list, with allowed XSPICE port designators, then attached to a SPICE
.MODEL statement

vo vi
&{XSPICE |-

A
PortList=v,v
Model=Amp1

MODEL

SpiceModel1
Line_1 =.MODEL Amp1 ggain(gain=10 out_offset=0.01)

XSPICE CodeModel

XSP_CMod1
File=/home/vvk/projects/xspice_icm/cfunc.mod €
File=/home/wk/projects/xspice_icm/ifspec.ifs

] Source code: cfunc.mod file
I

void cm_ggain(ARGS)

{

Mif Complex_t ac_gain;
1if (ANALYSIS != MIF_AC) {
OUTPUT (out) = PARAM(out_offset)+PARAM(gain)*
(INPUT(in)+PARAM(in_offset));
PARTIAL(out,in) = PARAM(gain);
} else {
ac_gain.real = PARAM(gain);
ac_gain.imag= 0.0;
AC_GAIN(out,in) = ac_gain;
}
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Qucs-0.0.19-S-RC6 XSPICE Code Modeling Package: Part IV XSPICE
"Turn-Key" Model Generation; Compiler System Dataflow Diagram

Schematic

CodeModels
cfunc.mod _| E CodeModel library
i deMod xtract CodeModels

ifspec.ifs XSPICE C 1 *mod and * 1fs source tree
- $WORKDIR/qucs_cmlib/ Make rules
XSPICE Generic Makefile € f1le *.mk

device XSP_CMod1 '
spice_netlist() l: cfunc.mod

ifspec.ifs
XSP_CMod2

|: cfunc.mod
MODEL ifspec.ifs
: dlmain.c

modpath.lst
udnpath.lst

Component

Compilation

spice netlist()

qucs_xspice.cm

SPICE Netlist
Qucs GUI

Data visualization

Ngspice simulator
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Qucs-0.0.19-S-RC6 XSPICE Code Modeling Package: Part V XSPICE
Diode Model - (a) The Qucs-S subcircuit Symbol and Model Circuit

[-PARAM XSPICE CodeModel

R<RS SpicePart XSP OModt
RS(rs)farea) o -oMod!

nicm1 o E/C mod
> % File=/home/mike/XSPICE/Diode/ifspec.ifs
cM_D1 XSPICE CodeModel
is=1e-15 Al A2 XSP_CMod2
n=1 PortList-gd PoriListehd Fil i mod
tnom=27 Model=XDIODE_mod1 & Model-XDIODE_mod2 Fi . i
area=1
rs= .MODEL Cathode| ( Cathode1
Xti=3.0 |:opEL
eg=1.11 XDIODE_Mod1
o=te-12 Line_1 =.MODEL XDIODE_Mod1 diode (is={is} n = {n} area = {area} xti = {xti}
Vj=07 Line_2=+ tnom = {tnom} temp = {temp} eg = {eg} )
;:fg: MODEL
tt=1e-10 XDIODE_Mod2
temp=27 Line_1 =.MODEL XDIODE_Mod?2 dnicap (is={is} n = {n} cjo={cj0}

Line_2=+ tnom = {tnom} m={m} fc={fc}
Line_3=+ tt={tt} vi={v}} )

XSPICE diode model based on:

1. P. Antognetti and G. Massobrio (Editors), "Semiconductor device modeling
with SPICE, 1988, McGraw-Hill Book Componey, New York, pp1-32.

2. S. Jahn amd M.E. Brinson, "Interactive device modelling using Qucs
equation-defined devices., 2008, International Journal of Numerical
Modelling: Electrical Networks, Devices and Fields, 21:335-249,

DOI: 10.1002/jnm.676.
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Qucs-0.0.19-S-RC6 XSPICE Code Modeling Package: Part V XSPICE

Diode Model - (b) The XSPICE Diode/func.mod Code

@39

diode cmmodel. 4 March 2016  Mike Brinson

This file contains the mode code for an experimental semiconductor diode model.
Thisis used as a test bench for constructing compact device models
using the Qucs-0.0.19-S automatic XSPICE GodeModel compiler system.

This s free software; you can redistribute it and‘or modif
it under the terms of the GNU General Pubiic License as published by
the Free Software Foundation; either version 2, or (at your option)
any later version.

#define DERIVE 0
#include cmath.h>
void cm_diode(ARGS)

double Vttemp, Vd, P1, P3, P4, PTNOM, PTEMP;
double PIS, PAREA, PXTI, PEG, PN:

double Tr, Is_temp, Id;

double “derive:

double exp80 = 5.5406334¢34;

double GMIN = fe-12;

PTNOM = PARAM(tnom)+273.15;
PTEMP = TEMPERATURE+273.15;
Vi.temp = 8.65387195¢-5"PTEMP.
PEG = PARAM (eg)
ARAM(is).

= PARAM(n)
EA = PARAM (area)

= PARAM(xt);

P1 = 1/(PN"VL temp);

Tr = PTEMP/PTNOM;

Is. temp = PAREAPIS"exp( (PXTI/PN)log(Tr))*exp( (-PEG/VL temp)*(1.0-Tr))
P3 = 5°PN.

P4 = Is_temp"exp80;

—

HONIT) {
cm. analog.alloc(DERIVE, sizeof{double))

derive = (double *)cm._analog. get.ptr( DERIVE, 0);
“derive = 0.0

}
else |

derve = (double *)cm_analog. get_ptr(DERIVE, 0);
}

I(ANALYSIS 1= AC) {
Vd = INPUT(diode):
it (Vd> P3*Vttemp ) {
if (P1°Vd <= 80)

1d = Is. temp* (exp(P1°Vd)-1.0) + GMIN * Vd;
"

Semiconductor diode
OUTPUT (diode) 3
*derive = P1'ls_temp*exp(P1'Vd)+GMIN;

non-linear lgq/Vq4
PARTIAL(diode, diode) = “derive; s 4
) characteristics,
else . . N ~
o= s empressa 1o rvasoounye, | Including Verilog-A
limexp function and

OUTPUT(diode) = Id;
temperature effects.

*derive = P1°Pd+GMIN;
PARTIAL(diode, diode) = "derive;

if ( Vd <= -5"PN"VL temp){

1d = -Is_temps GMIN"Vd:
OUTPUT(diode) = Id

*derive = GMIN:

PARTIAL(dode, diode) = “derive;
)
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Qucs-0.0.19-S-RC6 XSPICE Code Modeling package: Part VI XSPICE

diode model

dnlcap/func.mod Code

P dncapemmodel 4 March2016  Mike Brinson
This fie contains e model cade for an experimertal
‘semiconducior diode capactance: bo Cdep and Caif are modeled.
Thisis

19 systom.
This s froe software; you can redistrbute # andor modly
i under the terms of the GNU Genaral Public License as published by
the Free Software Foundation; aither version 2,of (at your opton)
any later version

vod cmyricap(ARGS)
(

tac. gain
statc double PCJ, PVJ, PM, PFC, PTT, PIS, PN
double P1, Vd, partal, W_temp;

double PTEMP, W1, W, Wi, Rd;

double "evc:

statc double cap, F2, F3, cdep, derive, 19, P3, P4
double Rp = 1.0e12:

double exp80 = 5.5408334e34;

doutle GMIN = Te.

M
e achCVC sizeal(double)
*) em.anaiog.get. pHICVC, O);

ARAM)
PARAM(tc)
TT = PARAM(S;

P pmmas»

PN -PARA!

F2 = oxp( (1+ waqHPFCu

PFCY(1:4
5PN,

[

}
oo |
o = (double ") cm anaiog. get SHICVC.0);

)
1 ANALYSIS 1= AC) {
1 (Vd> PIVLIemp) {
1PV <=80) {
1d = PIS*(@xp(P1"Vd)1.0) + GMIN * Vd;
dorive = PI'PIS axp(P 1"V}« GMIN;
)

ase {
1d= P4"(1+(P1°V-80)) - GMIN'V:
derive = PT'P4-GMIN:

)

)
aise.
1d = -PISGMIN'VG,
ve = GMIN

)
H(Vd < PFCTPVY) (
dop = PCIO@PMI0g(1.0 - (VAPVI) );
)
aise
dep = (PCIOF2)'(F3+ (PMVAPVJ))

)
e = PTTIdNLemp + cdep:

PARTIAL dricep, dnica) = Fo:

H (ANALYSIS = TRANSIENT) {

(c) The XSPICE Non-Linear Diode Capacitance

Semiconductor diode

non-linear capacitance
characteristics,
including depletion

and diffusion components

cmynalogniegrate(INPUT(dnicap) / (cap + 1e-17),cvc, &partial)

OUTPUT(dicap)
PARTIALrcap, ) - prts

)
Bonwrss = Ayt
Rl

1o RABVREQ "RADFREQ"R"Rdcap"cap:

mumzo ‘cap"RA"RAW1

o BN, e < ac. qain
)
}

Wi
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Qucs-0.0.19-S-RC6 XSPICE Code Modeling Package: Part VII XSPICE

Diode Model - (d) The Diode Small Signal AC performance; Y parameter,
Rd and Cd Extraction

@-3-9 |

oM_D1
tets
o
Netmeg vom-2
amant
NamegEat
Simutaton=ac v:,c;:)
e e—— e
Rty 1+16:20) eyt
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Qucs-0.0.19-S-RC6 XSPICE Code Modeling Package: Part V XSPICE

Diode Model - (e) The Diode Id/Vd Temperature Variation

l@-3-9

Parameter
sweep

dc simulation
DC1

0.01

S 1e3

£

D 1e-4

L2

&

S1e-51

1e-6 | | | I

20 0 20 40 60

temp-sweep

SWi1
Sim=DC1
Type=lin
Param=temp
Start=-20
Stop=80
Points=101

v
V= DC 0.6 AC 0.1

301dSX

CM_D1
is=1e-14
n=1
tnom=27
area=1
rs=0.01
xti=3.0
eg=1.11
temp=27
cj0=1e-12
vj=0.7
m=0.5
fc=0.5
tt=1e-10
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Qucs-0.0.19-S-RC6/Ngspice/Xyce Circuit Analysis and Compact Device

Parameter Extraction from Maufacturer's Data or Measurements Co

by Octave Script Files: Part | Structure Diagram
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Qucs-0.0.19-S-RC6/Ngspice/Xyce Circuit Analysis and Compact Device

Parameter Extraction from Maufacturer's Data or Measurements Controlled
by Octave Script Files: Part Il Octave Package

@ The main purposes of Octave integration are:

o Parameter substitution in Qucs and SPICE netlists,

o Simulation process control from Octave,

e Simulator output dataset (SPICE3f5-raw and Qucs XML) loading into
Octave matrix structures,

o Compact model parameter extraction from simulation and manufacturer’s,
or measured, data using curve fitting and optimization with the ASCO
package.

@ Example Octave package functions:

e subs_spice_ netlist(FILE, PARAM, VALUE),

o subs_qucs_ netlist(FILE, PARAM, VALUE),

o subs_ spice_ model_ netlist( FILE, MODEL, PARAM, VALUE),

e DATA = read_spiceraw(FILE).

Where FILE — represents SPICE or Qucs netlist files
PARAM - represents a SPICE or Qucs variable or .MODEL parameter name

VALUE - represents a parameter value to replace its original quantity
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Qucs-0.0.19-S-RC6/Ngspice/Xyce Circuit Analysis and Compact Device

Parameter Extraction from Maufacturer's Data or Measurements Controlled
by Octave Script Files: Part Il Simple Ngspice example

~Gucs 0.0.19 R
PARAM Cp=1000p
PPARAM Rs=1k RC.cir
e v w5 Gy
e e oo e U e T
et - ook 5t o i ¢ oocooae s
Progeam = ngpioe’ % simulator names, V1in0 DGO SING 1 )
ot et Rt rora: control
a0 acho™> :
subs.spic.netinliso,“Gp", 5000.12) % Subsil SO00PF for apactor Cp echo ™ > spicedques.cirpz. Figure 1 -+ x
. nenser e He edt Help
i
datasots - gotspico daiasets(nolisiio) (L © 2+ z 4 InsertText b Aves Grid Autoscale
DATA tran 4.995e-07 0.005 0
{ZDATATRL ) - DATATRL) cu - OATATALS) wite RC.ranavinviou) | §
Equation SubployR.1. 1§ destroy all S
(B st Gy, el Wingeary - [
Eql [ DATAAG- readpcoramatasesh: 5 Foad andpotAC simatonca I
CP1000p | 1~ ONTAAGY, v < DATAAGCZ: oy = SATAACL) o
fuatraiel P iayd 16t Cp=1000p 3
11:1) =H1:1)4 165; let Rs=1k ; o
Somotoay i reueny Gy yonecvow o RC.M e : |
‘write RC._ac.txt v(in) wout) -
destroy all
reset
exit s ) 1
ond 1
END N
= i =
5 s £o Eo Rs = 2k, Cp = 5000p
£ 2 g g
g = =
5100 183 168 155 Tes 700 163 168 145 Tes. 0 1ed 2ad 34 84 Ses T 2 3w e
treauency freauency ime tme

38 /40

[P



Qucs-0.0.19-S-RC6/Ngspice/Xyce Circuit Analysis and Compact Device

Parameter Extraction from Maufacturer's Data or Measurements Controlled
by Octave Script Files: Part IV Simple Qucs example

invt

RCQ.sch

out

TR
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Modeling of GaN HEMTs With Open Source Qucs-S Circuit Simulation
and Compact Device Modelling Technology: Summary

@ This presentation has attempted to show that open source compact
modelling technology offers engineers and scientists viable tools for
investigating the properties of emerging technology devices at a cost which
is acceptable to all,

@ Verilog-A models for GaN RF and power devices have been introduced and
the problems involved in evaluating their performance demonstrated with a
series of circuit simulation test benches,

@ A short outline to the current state of Qucs-S development provided those
attending the IEE EDS mini-Colloquium with a brief look at possible
future directions in GPL circuit simulation and compact device modelling.

@ Linux and Windows versions of Qucs-0.0.19-S-RC6 can be downloaded
from: https://github.com/ra3xdh/qucs/releases/tag/0.0.19S-rc6

@ Documentation is available here:
https://qucs-help.readthedocs.org/en /spicedqucs/

@ Octave packages from https://github.com/ra3xdh/octave_ circuittools/
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