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Qucs-S a maturing GPL software package: Introduction to presentation

e Background and release dates for Ques-S/RC7

@ Qucs-S documentation and circuit simulation capabilities

o Qus-S Help documentation: User manual and reference material,
@ Qucs-S SPICE style components and model libraries,
o Qucs-S extended circuit simulation features.

e Qucs-S Equation-Defined Device (EDD) and Verilog-A compact
device modelling case studies

o The Efficient Power Corporation (EPC) GaN EPC2001 power transistor
model,
o The MIT virtual source GaN-RF HEMT 1.0.0 model.

o Qucs-S modelling tool extensions and new features

o XSPICE "Code Model" support,
o Qucs-S model parameter extraction controlled by Qctave script files.

o Qucs-S future developments - the way forward in 2016-2017
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Qucs-S a maturing GPL software package: Background and release details

Development Time Line
Original branch New branch
Qucs-0.0.18 (October 2014) —sspicedqucs-rcl  + SPICE

spicedques-rcé

Qucs-0.0.19 (September 2016) Qucs-S (September 2016)

Qucs-0.0.19 is the next release in the
Qus series of software packages.
This release is primarily GUI and
quasator improvements plus
general bug fixes.

5':;'!’5";‘ A et torojects/ New test suite for Qucs-S introduced.
qu::m;‘;‘;‘;:i :’h?:a“e # projects| A set netlist and simulation tests available.
0.0.19- snapsnotsrqucs-o 0.19-rc1-win64.exe/ Sources are here:
download

Extended Qucs circuit simulator package, including =
1. Improved Qucs GUI, . New "Qucs-S Help" Documentation:
2. Access to qucsator, Ngspice, Xyce and SPICE OPUS
3. Increased number of circuit simulation types, including This is a "live" document which is
pole-zero analysis, distortion analysis, Harmonic Balance, updated by Qucs-S Developes as the
steady state shooting method and Monte-Carlo statistical package Is improved.
analysis,
4. Full range of SPICE 3f5, Ngspice, Xyce and SPICE OPUS Users can find it at -
device models, hel html
5. SPICE style component libraries,

6. Equation-defined device modelling,
7. Verilog-A model synthesis and "Turn Key" C++ code compiler,
8. XSPICE Code model "Turn Key" compiler,

9 XSPICE analogue component library,

10. Nutmeg and Xyce script device modelling,
11. Ques and Octave post-simulation data processing,

12. Qucs-S device parameter extraction with linked Octave

packages.

Qucs-S can be found at:

v 0.19S-rc7
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Qucs-S a maturing GPL software package: Latest release impact

qucs-spice

A A A A A, oy
NN Q0
Eldar Khayrullin

et for snaps and Ubuntu opp:

0 == e
:

Screenshots

Description

Qucs is an integrated circuit simulator which means you are able to setup
acircuit with a graphical user interface (GUI) and simulate the large-signal,
small-signal and noise behaviour of the circuit. After that simulation has
finished you can view the simulation results on a presentation page or window.
Supports spice simulators.

Changelog

Afterinstall run in terminal:
sNap fun ques-spice.qucs

@ 3-¢

iy e
Qveabsun [JRng

ars

Permissions

« Home
* Unity?

Info

support: https://github.com
Website: httpy//quc

arkg/qucs-spice-snap/issues

cefo

Version: 0.0.195RC7-snap2
Updated: Sep 5,2016
Published: Sep 4,2016
License: GNU GPLv2

File Size:89.2 MB
Architectures:i386,amd64
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Qucs-S a maturing GPL software package: Functional block diagram
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Qucs-S a maturing GPL software package: Qucs-S Help documentation

at worl

E OPU.

439
Qucs-S Help documentation

User Manual and Reference Material

Authors Mike Brinson (mbrin72043@yahoo.co.uk) and Vadim Kusnetsov (ra3xdh@gmail.com)

Copyright 2015, 2016

Permission is granted to copy, distribute and/or modify this document under the terms of the
GNU Free Documentation License, Version 1.1 or any later version published by the Free
Software Foundation. A copy of the license is included in the section entitled “GNU Free
Documentation License”.

Contents:

« Chapter 1. Introduction
« Chapter 2. Basic Ngspice, Xyce and SPICE OPUS simulation

« Chapter 3. subcircuits, macromodels and device libraries

« Chapter 4. Device and component modelling with algebraic equations

« Chapter 5. More advanced circuit simulation techniques.

« Chapter 6. Ngspice, Xyce and SPICE OPUS post-simulation data processing with Qucs-S and
Octave

« Chapter 7. Qucs and SPICE simulation models that work with ngspice, Xyce and SPICE OPUS
« Chapter 8. Ngspice custom simulation technology

« Chapter 9. XSPICE standard components and library

« Chapter 10. XSPICE user written device models and library

« Chapter 11. Introduction to mixed analogue/digital simulation

« Chapter 12. Verilog-A compact semiconductor device modelling

« Chapter 13. RF simulation with Ngspice, Xyce and SPICE OPUS

« Chapter 14. Qu

S/Octave circuit simulation and device parameter
o Chanter 15 Referencec

action interface
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Qucs-S a maturing GPL software package: Ngspice, Xyce and SPICEOPUS
built in components
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Qucs-S a maturing GPL software package: Available semiconductor device
models

Type Description Level Ngspice Xyce SPICEOPUS
D Legacy 1 X X X
2 X
3 x
BJT  Legacy 1 x X X
VBIC 10,1112 X
FBH HBI_X 23 X
MEXTRAM 504,505 X
JFET 1 X X x
2 X X X
MESFET 1 (Statz) X X X
2 (Ytterdel) X
MOSFET Legacy 1 X x X
2 X X
3 X X X
aBsM1) X X
5(BSIM2) X X
6 X x X
BSIM3v2 47 X
8 X
9 x
BSIM3v3 53 X
49 X
BSIM4 60 X
14 X X
54 X
BSIM3SON 55 X
BSIMOIv2 X X
585557 X
10 X X
STAGSOI3 57 X
UFSOI 58 X
soiB 60 X
UFET 7 x
EKVv2p6 44 X X
HISIM2 61,68 X
HISIM_HV 62,63 X
VDMOS 18 X
| BSIM 6p1 7 X
155 PSP 103p1 103 X 8/33




Qucs-S a maturing GPL software package: Simulation control icons

OPTIONS IC
dc simulation Fourier XYCE script [.NODESET |.GLOBAL PARAM SpiceOptions1 \; 1
simulation Nodeset1 SpGlobPar1 piceOptions pieet?
DC1 XYCESCR1 v(node1)=1 y=1 GMIN=1e-12 v(node1)=1
FOU_R1 SpiceCode=
Sim=TR1 .AC LIN 2000 100 10MEG -
numfreq=10 .PRINT AC format=raw file=ac.txt V(1) Parameter Noise
P FO=1kHz sweep simulation
. Vars=V(1)
;YPE-:;" — Nutmeg Equation PARAM swi1 NOISE1
s:art: D N ! Eqn1 SpicePar1 Sim= Type=lin
op=1ms simulation Simulation=ac =1 =1 Type=lin Start=1 Hz
- . y=1 y= y Param=R1 Stop=10 kHz
ac simulation DISTO1 Start=5 Ohm Points=100
ACt ;)'!:e Stop=50 Ohm Output=v(node1)
;ype:IJnGH Sto INCLUDE Points=20 Source=V1
tart= z Py \—A MODEL
Stop=10 GHz Points=100 [¥2) Spicelnclude1 inc Spi .
v . ; Fil y.
Points=19 Nutmeg script o 0 0 Line_1 =.MODEL DIODE1 D(BF=50 Is=1e-13 Vbf = 50)
p
TF_type=vol
cusTOM1 " modes:
SpiceCode= PZ_mode=pz

HB1
n=4

AC LIN 2000 100 10MEG

let K=V(1)/V(2)
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Qucs-S a maturing GPL software package: XSPICE analogue component

XA_CSQWO1 XA CSWO1  XA_CTWO1  XA_aswitch LOGI XA climit!  XA_cmetert XA_Imetert XA_id_dt_DE1
- - XS XSPI XSPI
xspIcE xseica xspIcE xS rce
U n
! >~ - ; ==
o o o @ ) : - @ °o @ .Il. o
CNTL CNTL CNTL T
b ) )
XA_id_dt_SE1 XA_divide_DE1  XA_gain_DE1  XA_gain_SE1  XA_hystt XA_ilimit1 XA_int_DE1 XA_int_SE1
- - - XsPioE xer ) Pvdor s xspicE
A
@ +| + o
. X B , o " o > o > o .
€ E > [vde-
XA_summer_x1
XA_summer_x2
XA_limiter DE1  XA_limiter SE1  XA_mult_x1 XA_mult_x2 XA_slew1 - - XSPICE XA._zenerl
XSPICE picE XSPICE e
*
o @
- S , o >
o
Xanalogue Library
p AT
+ - -
+ = S Domain | PWLconvolled | o oISV b ecompiled CM-brary XSPICE CodeModel
5 Transfer Function voltage source XSP_CMIib1 XSP_CMod1
{ : CORE1 File=Thomeluserlibrary.cm File=cfunc.mod
ICOUPLE1 A= SDTF1 XAPWL1 File=ifspec.ifs
A= A=A_XSDFTmod A=A_PWLmod
XSPICE Devices
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Qucs-S a maturing GPL software package: Qucs-S extended circuit
simulation Part 1. SPICE .OP to visual DC by pressing key "F8"
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Qucs-S a maturing GPL software package: Qucs-S extended circuit
simulation Part 2. Noise spectral response

dc simulation Noise Parameter
simulation sweep
NOISE1 swi1
Type=log Sim=NOISE1
Start=1 Type=lin
Stop=1e9
ype=log Points=181
Start=1 Output=v(nout)
(tuimeg Stop=1e9 Source=V2 Points=20
NutmegEq1 Points=181
Simulation=ac
gain=mag(V(nout)/V(nin))
phase=cph(V(nout)/V(nin))*180/pi

v2 = =
V=dc 0 ac 100m sin(0 100m 4k 0 0)

odel Q2N2222 npn (
ISE=3.696E-14 IKR=0.
Q_Line 4=+ FG20.5 MJC=0.5 VJC= 05 CIE-A BOE11 MUE0.5 VUESA TFod 00EA0

-2 485 13 VAF=73.! 9 BF-400 IK =

£
2
10 0 2  Slets
5 .-
o 8 I
b g 4
S5 2008 5515
3 s 2
a > S
g g 3
2 S 3 o
1 400 3
10 100 1e3 1ed 165 1e6 1e7 1e8 169 2 i 10 100 1e3  f1ed 1e5 1e6  1e7  1e8  1e9
frequency & frequency
frequency
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Qucs-S a maturing GPL software package: Qucs-S extended circuit
simulation Part 3. Multi-tone Harmonic balance analysis
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Qucs-S a maturing GPL software package: Qucs-S extended circuit
simulation Part 4. Direct support for SPICE libraries

File Edit Positioning Insert Project Tools Simulation View Help
SHAMO e DAV Y QARG KIVENQRIZF/ B +-C06

Main Dock ® & untitied x

Manage Libraries x _
File=/ome/mike/.qucs/user_lib/ad822lib
Device=AD822

Libraries SymPattern=opampst

Systom Librarios
+ AnalogueCM
+ Bridges
+ Cores
Diodes
+ Ideal

X1
— Filo=ad822 ci
—— Dovica=ADE22

SymPattemaauto

Libraries Components Content Project

Regulators
Transformers

+ Transistors
Varistors
Xanalogue

+ Z-Diodes
User Libraries
ad822

AD822

X2
Filo=ad822.cir
Devico=AD822
SymPattern=opampst

Qucs-S now includes
direct support for
SPICE libraries




Qucs-S a maturing GPL software package: Compact device modelling tools

Part 1. Equation-Defined behvioural modelling and Verilog-A model code
synthesis

Visualisation

Model ification

ngspice
SPICE
netlist
code

“ Ry
Voiogh

Verilog-A
module

code

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

External GPL SPICE circuit simulators.

Ques synthesised SPICE netlist
and Verilog-A module code,
ADMS-2.3.4 Analogue Device Model

Synthesiser

Verilog-A
module
code

=
i
I:I...<

in
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Qucs-S a maturing GPL software package: Compact device modelling Part

2. Qucs-S EDD model of the Efficient Power Corporation (EPC) GaN
EPC2001 power transistor

Simulation using EPC Device Models, Efficient Power Conversion Corporation,Copyright 2011, www.epc-co.com.

nPd
GaN_EPC1 D2 pd1 Ra1
Temp=25
e mh ReRa

Qucs-S EDD subcircuit model of a EPC2001 enhancement GaN power transistor -See Application Note: An005 Circuit ‘

alTc=5.4860280-3
=2250866 ] ';g;; a nd
K3=120-1 — Equaton
aWg=1077
n
e L Rds1 EQ1=A1"(1-alTc*(Temp-25))
{ Ing [T o R=Rds Rgs=1e11laWg
Pgl Ryl PR I By Rgd=1et1/aWg
ReR Rds=1e11laWg
uq-z-n 13 9 Rd=0.75"rpara
——} Rs=0.25'rpara
ug-t:»,zs Rgs1 Rg=0.6"1077/aWg
ags1=8.69520-10 ReRgs ns EQ2=1.0+ax0Tc*(Tomp-25)*(Temp-25)
g 29d1=1418 ! EQ3=0.5'aWg
asdi=3.3621e40 — = Rs1
Po asd226.308¢-10 nd| ps ol R=Rs
asd3=1.2803e1
asd4=2.269 D3 Pst

D
PSa5d6=-4.0509¢1  1=(V1 >0) ? EQ1°In(1.0+exp( ( V3-k2)/k3))"V1/(1.0+max( (x0_0+x0_1"V3/EQ2), 0.5)°V1) : -EQ1°In(1.0+exp( ( V2-k2)/k3))"(-V1)/(1.0+max( (x0_0+x0_1*V2IEQ2), 0.5)"(V1))
asd7=2.0638e1  Q1=asd1*V1 + (asd2*asd4"In(1+exp( (V1-asd3) / asd4 ) + asd5*asdT*In(1 + exp( (V1-asd6)/asd7 )) )
agd2=214750-10 1220
agd3=3.803 13=0

agd4=5.9551
ags2=5.3168¢10 D2
ags3=1.997 11=(V1 > 10) ? (EQ3/1077*( dgs1*(exp(10.0/dgs3)-1)+dgs2*(exp(10/dgs4)-1))) : (EQ3M07T*( dqli'(oxp(vﬂdgﬂ) 1)+dgs2*(exp(V1/dgs4)-1))

ags4=2.8377¢-1  Qi=agd1*V1+ (0.5'ags2"agsd*In(1+exp( (V1-ags3) | ags4 )) +agd2*agdd-in(1 + exp( (V1-agd3)/agdd ))

ags7=7.121 vt > 10) 7 (EQ31077*( dgs1*(oxp( : (EQ31077°( dgs1*(exp(V1/dgs3)-1)+dgs2*(exp(V1/dgs4)-1)))
1=ags1°V1 + (0.5'ags2*agsd In(1 +oxp( (V1-ags3) | aﬂ“)) + m;s’agﬂ'lnn + oxp( (V2-ags6)ags7)))

Ported from the EPC mathematical model common to LTSPICE, PSPICE, TSPICE and Spectra netlist models.
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Qucs-S a maturing GPL software package: Compact device modelling Part

3. Qucs-S EDD model of the Efficient Power Corporation (EPC) GaN
EPC2001 power transistor; DC test bench and typical output simulation

curves

EPC20011
Temp=25
A1=41.7998

k2=2.259866
k3=1.2e-1
aWg=1077

rpara=4.463059e-3

x0_0=0.75
x0_1=1.10
ax0Tc=0.75e-4
dgs1=4.4e-7
dgs2=2.6e-13
dgs3=0.8
dgs4=0.23
ags1=8.6952e-10
agd1=1.4182e-11
asd1=3.3621e-10
asd2=6.308e-10
asd3=1.2803e1
asd4=2.269
asd5=2.518e-10
asd6=-4.0599e1

.9551
ags2=5.3168e-10
ags3=1.997
ags4=2.8377e-1
ags5=-1.4751e-10

439 2gs6=-7.5163

dc simulation |

alTc=5.486028e-3 pcq

Parameter Parameter
sweep sweep
sw1

SW2 o
Sim=DC1 _?;’:e'_slyr“’z
'Ff’ype=ll_n Param=Vgs
aram=Vds

- Start=2.0
Start=0

- Stop=4.0
Stop=3 Points=5
Points=201 oints=

Id - Drain Current (A)

110

U=Vds

Output Curves for EPC2001 model

100
920
80
70
60
50
40
30
20
10

05 1 15 2 25
Vds - Drain to Source Voltage (V)
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Qucs-S a maturing GPL software package: Compact device modelling Part

4. Synthesis of Verilog-A code for the Efficient Power Corporation (EPC)
GaN EPC2001 power transistor

EPC20011 g

“Inciude “discilines vams"

Pd “Inciude "constants.vams" EPC2001 Synthesized Verilog-A module code

Inout nPs, NP, nPg; electrical ng, ns, nd, nPs, NPd, nPg;

parameter real Temp=25; parameter real A1=417996;  parameler eal aTc=5.4860206-3;
parameter real k2-2.259866;  parameler real K3=1.26-1;  parameter real aWg=1077;

ps parametor roal rpara=4.4630596.3; parametor roal x0g=0.75;  parametor roal x0,1.10;
paramotor roal ax0Te=0.750-4;  parametor r0al dgs1~4.40-7;  paramator roal dgs2-2.60-13;
parametor real dgs3=0.8; paramter real ags4=023;  parameter roal ags1=8,69520-10;

parameler real agd1=1.4182e-11;  parameler real asd1=3,36216-10;
parameter real asd2+6.308e-10;  parameter real asdd=1.2803e1; parameler real asd4=2.269;
parametor roal asd5=2.5180-10;  parametor roal asdG=-4,05991; parametor roal asd7=2.063801,
paramtor roal aga2-2.14750-10; parameter roal agd3=-3,803;  paramotor roal agd4«5.9551

dgst=d.de-
dgsz 2 ee 13

. ~ a parametor eal ags2-5.31686-10;  paramelorroal ags3=1 997, parameter real ags4=2.53776-1
Bulld Verllog:A model from subircuit arameter ol ags5-.47516-10; parameler ol agsB-7.5163; _ parametr ralags7-7121

dgsA 023 real EQ1, Rgs, Rgd. Rds, Rd, Rs, Rg, EQ2, EQ3,

ags1=8.6952e-10 analog begin

@nital.modl) bogin
agdi=1.4182e-11 % EQ1=AT"(1-aITe"(Tomp-25)); Rgs=1011/aWg; Rgd=1011/aWg; Rds=1011/aWg; Rd=0.75"rpara;

Rs=0.25"1para; Rg=0.6"1077/aWg; EQ2=1.0+ax0Te" (Temp-25)"(Temp-25); EQ3=0.5"aW;

end

10gins) <+ Vingnsy( Rgs ); ~ ngins) <+ whita.nolsal 4.0" P.K'( 26.85 + 273.15)/ ( Rgs ), “thermal"

1ngind) <& Vingna)/( Rgd);  1(ng,nc) <+ whita.nolsal 40" P.K"( 26,85 + 273.15)/ (Rgd ), “thermal" ;

0800) <+ V(0SCY( RS ). I(11) <+ WHM.0S0( £0° PLC( 2685 + 273.1) Rcs ), Tharmal )

Indns) <+ (V(ndns)>0) ? EQ1I1 (na.nsy(1 *Vind.ns))
“EQUIN(1.0+8xp((V(1g.1)-K2)K3))"(V (ST Oomaxuxaooxo"vmg PAEQR).0.5)"(V(r, nsm

(k) <. dot( asdt1°V(ncns) +(asd2"asd4"In( 1 +exp((V(nd

1(gind) <+ (V(ng:nd)> 10) ? (EQA/1077°(dgs1*(oxp(10.0/dgs3)-1)sdgsz"( (txpunrcgu) |>n

‘ (g

1(0g:n0) < G agd1*V(ng,nc)+(0.5ags2"ags4In( » )
1(1Ps,8) <. V(P ns)/( R )

1(1Ps,ns) <. whito.nolse( 4.0 P.K'( 26,86 + 273.15) /  Re ), “thermal"); 1(nd;aPa) < V(ndnPa)/( Rd )

HndnPd) < white.nolso{ 4.07 P.K"( 26.85 + 273.16) / (Rd ), “thermar");1(nPg.ng) <+ V(nPg.ng)( Ry );
1(1Pg.ng) < White.nolse( 40" P.K"(26.85 + 273.15) / ( Rg ), “thermar )
10g.18) <+ (V(0.15)>10) 7 (EG/1077(dgs1"(exp(10,0/0gs3)-1) igs2*(exp(10/9gs4)-1)))
(EQa/1077°(dg
\[ngns)(»dﬂ(( ags1V(ngns)e(0.5"ags2"ags (10xp((V(nc, )

endmodule
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Qucs-S a maturing GPL software package: Compact device modelling Part
5. AC gate matching network, test bench and typical simulation results

=
v 1.40139A
R1 Bias T L1 ¥y Pr id J«g/ dc simulation |
R=50 Ohm L=235nH |, T
9 DCt
" = ", -
oV ov | v [e2saseun 2l flev 2 EPC20011 u=4v - -
) vs r_Lnin . ac simulation |
nin -
— 2V Ps "
= uU=0.1 ov Equation ACH
+ V2 C1 - Eqni Type=log
- U=2V T c-T10pF 2_nin=nin.v/Pr_I_nin.i Start=1e8
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Qucs-S a maturing GPL software package: Compact device modelling Part
6. Switching response test bench and typical simulation results

TR1

B e B @ <
na] | 0 il P
PCB Track Pl m R 32 \d
v2 Pg 08 >
vV — ] = 3 A
U2-3v B3 Rs 1 PCB Track Vi 01
T2=2000 = -~ B 67 867 247 287 37 357 de7
Tr=10ns I Time (s)
Tt=10ns EPC20011 Letn
PCB Track S
A2 =
R=0.001 Em
2 Ld 'T
1 5
= 5
2

Type=iin
Start=0 167 1567 267 2567 37 3567 47
swi Stop=400n
Sim=TR1 IntegrationMethod=Gear z
Type=in Order=4 <
Param=Ld MinStep=1e-20 §
Start=2n Maxiter=1500 3
Stop=10n abstol=100 pA £
Points=4 Vntol=100 uV -3
inltialDC=no 5
h 568 67 1567 267 2567 367 3567 487
Time (5)
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Qucs-S a maturing GPL software package: Verilog-A modeling of the MIT

virtual source GaN-RF HEMT 1.0.0: Problems simulating with ADMS;
workarounds and typical simulationdData - Part 1. Introduction

@ The Analogue Device Model Synthesizer (ADMS) version 2.3.5 is used by
Qucs/Qucs-S, Ngspice, Xyce and Gnucap GPL circuit simulators.

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

@ Although the Verilog-A HDL is standardised there is no guarantee that
individual simulator implementations allow the same dialect of Verilog-A
for modelling purposes, for example Qucs/Qucs-S 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

Internal node collapsing,
o Voltage limiting,

o Setting initial conditions,
]

]

Model equations that include complex combinations of analogue functions,
Thermal effects due to power dissipation.



Qucs-S a maturing GPL software package: Verilog-A Modeling of the MIT

Virtual Source GaN-RF HEMT 1.0.0: Problems simulating with ADMS;
workarounds and typical simulation data - Part 2. Model parameter

statement error workarounds

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

X ADMS synthesis/compile error O K

-1.3067  from [0:in);
- 20,
=5.0e7 trom (Oint)
=13 trom (0,
=030 trom [0inty
=20 trom (o)
=035 from [0:n);

- 20,
- 1.3007;
=5.007 from (0:nf)
=13 trom (o)
rs =030 from [0:in);
=035 from [0:nf);
ars =0.05  trom (0:n);
s =080 from [Oin)
=13 trom (o)

parameter real betars
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Qucs-S a maturing GPL software package: Verilog-A Modeling of the MIT

Virtual Source GaN-RF HEMT 1.0.0: Problems simulating with ADMS;
workarounds and typical simulation data - Part 3. 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 £,

@ OR statements of the form V/(n) < +0.0,

@ Resistors, for example 0.001, are used to short nodes (node collapsing),
with I(n) < +V/(N)/0.001.

X ADMS synthesis/compile error O K

if (Rsh > 1e-3 && Ls > 0)
I(si,src) <+ Idsrs;
else
I(si,src) <+ V(si, src)/1e-3;
/ISource side contact resistance
if (Rc > 0) begin
I(sre,s) <+ V(src,s)/(Re/Wg);
end else begin
I(sre,;s) <+ V(src,s)/1e-3;
end

if (Rsh > 1e-3 && Ls > 0)
I(si,src) <+ Idsrs;
else
V(sre,si) <+ 0;
//Source side contact
if (Rc > 0) begin
I(src,s) <+ V(src,s)/ (Rc/Wg);
end else begin
V(src,s) <+ 0;
end
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Qucs-S a maturing GPL software package: Verilog-A Modeling of the MIT

Virtual Source GaN-RF HEMT 1.0.0: Problems simulating with ADMS;
workarounds and typical simulation data - Part 4. DC characteristics

Parameter Parameter
sweep sweep
swi sw2
Sim=Sw2 Sim=DC1
Type=lin Type=lin
Param=Vgs Param=Vds
Start=-6 Start=0
Stop=0 Stop=3
Points=9 Points=201
2-3-9|

Equation

Eqn2
gds_norm=diff(Ids_norm, Vds)
Ids_norm=Pr_lds.|/25e-3

ac st

DC1

abstol=1 pA
vntol=10 uv
Maxiter=1500

24 21
= £
£ £
<1 24
8 g
o o
2 0 1 2
Vds (V) Vds (V)
10
T 10+
= 0.1 _ 1!
£ 0.01 £ 01
E
<13 Eoot
gled es
~le5 Bled
:e's' ) ) 1e-5
° f : ! i 5 3
Vds (V) Vs ()
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Qucs-S a maturing GPL software package: Verilog-A Modeling of the MIT

Virtual Source GaN-RF HEMT 1.0.0: Problems simulating with ADMS;
workarounds and typical simulation data - Part 5. Simulating thermal
self-heating effects induced by internal power dissipation

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

o 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 = RthPd + Temp(Pd = 0), where Tth is the device temperature at
power dissipation Pd(W).

"
1=I(PT)

11 Self-heating
I(PT) <+ ddt( Cth " V(PT) );

PT S I(PT) < -( I(disi) * V(di,si) + I(d,drc) * V(d,drc) + I(src,s) * V(sre.s) + V(dre,di) * I(dredi) + V(sre,si) * I(src,si) );
I(PT) <+ V(PT)/Rth;
i —

C1
C=CTH
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Qucs-S a maturing GPL software package: Verilog-A Modeling of the MIT
Virtual Source GaN-RF HEMT 1.0.0: Problems simulating with ADMS;
workarounds and typical simulation data - Part 6. Variation of thermal
resistance Rth and its effect on DC characteristics

Parameter
sweep
|
Equation / sw2
Eqn2 15 5 Sim=DC1
Ids_norm=Pr_lds.l/25e-3 _ @ 150 Type=lin
Ids_norm2=Pr_lds1.1/25e-3 é g Param=Vds
Ids_norm3=Pr_lds2.U25e-3 < Rth 3 :lamg
Ids_normd=Pr_lds3.U250-3 2 5100 top=
Temp1=PlotVs(nPT1.V+27, Pr_lds.I'Vds) 3 Points=201
Temp2=PlotVs(nPT2.V+27, Pr_lds1.I'Vds) H ’
Temp3=PlotVs(nPT3.V+27, Pr_lds2.I'Vds) a
Temp4=PlotVs(nPT4.V+27, Pr_lds3.I'Vds) 50 v
abstol=1pA
vntol=10 uV
Maxiter=1500
0.05 01

2-3-9

Power = Ids*Vds (W)
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Qucs-S a maturing GPL software package: Modelling tool additions and
new features

o Qucs-S includes for the first time a turn-key XSPICE "code
level modelling” package for use with the Ngspice and SPICE
OPUS circuit simulators,

o Qucs-S has also been extended to include a new Qucs/Octave
integrated tool set for compact device model and circuit
macromodel parameter extraction. The technique employed is
based on data fitting and optimization using measured, or
manufacturers published device data, compared against
simulated circuit data.
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Qucs-S a maturing GPL software package: XSPICE " Code Model” support
subsystem

@ The XSPICE generic device component is the foundation for

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

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

Schematic

Preconpiled
CodeModel Llibrary
XSPICE Generic
device

spice netlist()

.MODEL.

Component

spice netlist()

.spinit file

SPICE Netlist

Ques GUI

Data
visualization

Ngspice simulator
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Qucs-S a maturing GPL software package: 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, plus XSPICE port designators. These are attached to a SPICE
.MODEL statement

vo vi
G-{XSPICE  |~g)

Al
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/vkiprojects/xspice_icmyifspec.ifs

] Source code: cfunc.mod file

void cm_ggain(ARGS)
{

Mif_Complex_t ac_gain;
if (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-S a maturing GPL software package: XSPICE Turn-Key Model
Generation; compiler system dataflow diagram

cfunc.mod
ifspec.ifs

Schematic

Extract CodeModels

‘J XSPICE CodeModel

XSPICE Generic
device

*.mod and *.ifs

spice netlist()

.MODEL

Component

spice netlist()

Qucs GUI

Data visualization

CodeModels
library
source tree

$WORKDIR/qucs_cmlib/
Makefile =&

XSP_CMod1

t:: cfunc.mod
ifspec.ifs

XSP_CMod2

|: cfunc.mod
ifspec.ifs

dlmain.c

modpath.lst
udnpath.lst

Compilation

qucs_xspice.cm

SPICE Netlist

Ngspice simulator

.spinit file

Make rules
file *.mk
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Qucs-S a maturing GPL software package: Ngspice/Xyce/SPICEOPUS

device parameter extraction from maufacturers data, or measurements,
controlled by Octave Script Files; structure diagram

SPICE
models

Ques
models

VES optimizer

@-3-9

|

Published device data
OR
Device measurements

DATA = loadQucsDataSet("...");

NUMERICAL ANALYSIS
VISUALIZATION

DISPLAY
EXTRACTED

PARAMETER

VALUES

Octave script XXXX.m
Generate netlist:
Ques-S-RC6 | XXXX.sch sch.to_netlist("...");

Gul XXXX.cir XXXX.txt
XSPICE  Verilog-A Parameter substitution: SPICE netlist Quecs netlist
models models subs..param("..." PARAM

subs..modelcard("..."); PARAM Equation
" - Circuit components: Eqni
Modify Simulator execution: V\‘AODEL P 9
params system(".."); MODEL b BJTQT ...
Fit? Dataset processing: control
No DATA = read {--}spiceraw("..."); endc
STOP ASCO <1 end

Ngspice/Xyce
simulation

Qucsator
simulation

SPICE 3f5 raw
ASCllI-binary
dataset

Qucs XML
dataset
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Qucs-S a maturing GPL software package: Future developments - the way
forward in 2016-2017

e Qucs-S is a relatively stable circuit simulator and compact
modelling tool, incorporating the best features of Qucs,
Ngspice. Xyce and SPICE OPUS. The next development phase
will concentrate on the following:

o Testing the package and improving the "feature coverage” by the Qucs-S
test suit,

o Adding the missing sections to the " Qucs-S Help” documentation,

e Introduction of XSPICE and Xyce digital models as the first step towards
making Qucs-S a true mixed-mode electronic system and circuit simulation
and modelling package,

o Improvements to XSPICE CodeModel development system, including new
XXX.mod and XXX.ifs templates generated from model schematics,

o Continue development of the Qucs-S built-in libraries.

o It is expected that the next development phase will last around
one year with a series of release candidates published at regular
intervals.
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Qucs-S a maturing GPL software package: Endnote - A brief look into the

future

Qucs-S True mixed-mode simulation
and modelling

‘ In the next

Ngspice and SPICE OPUS
XSPICE digital IC models = develobment

ANALOGUE and DIGITAL
device and IC models Xyce behavioural

l

Transistor level
digital models

l

Qucsator
Ngspice
SPICE OPUS
Xyce

digital IC models

x1
Device=BUF
vee=!

x23
Device=MUX2TO1
vee=s

x22
Device=MUX4TO1
vee=s
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