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« Compact device modelling with Qucs EDD models, SPICE B models,
MAPP DAE models, and Qucs ADMS/Verilog-A “turn-key” tools

» Linking ngspice Xyce to Qucs
* New circuit design aids
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From Qucs-0.0.18 to Qucs-0.0.19: the way forward

Part 1- Qucs-0.0.18
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and —»
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GPL software used by Qucs-0.0.18
*  ADMS - Automatic model synthesiser, http://sourceforge.net/projects/mot-adms
**  PS2SP - PSPICE to SPICE preprocessor, http://members.acon.at/fschmid7/
*** ASCO - SPICE circuit optimiser, http://asco.sourceforge.net/

**** OCTAVE — Numerical analysis package, https://www.gnu.org/software/octave/ 2
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From Qucs-0.0.18 to Qucs-0.0.19: the way forward

Part 2 - Qucs-0.0.18 download statistics

Qucs-0.0.18 Download statistics between 1 August 2014 to 15 Jan 2015

Downloads 74,922 Top Country United States 15% Top OS Windows 78%
Country Android BSD Linux Macintosh Solaris Unknown Windows Total

1. United States 272 13 520 1,392 0 1,572 7,741 11,510
2. India 172 1 445 89 0 322 4,189 5,218
3. Germany 23 4 349 443 0 1,784 2,520 5,123
4.  France 21 7 178 223 0 26 2,929 3,384
5.  Spain 19 0 204 347 0 204 2,398 3,172
6. Russia 34 3 182 130 0 115 2,624 3,088
7. ltaly 34 0 287 281 0 14 2,405 3,021
8. Japan 12 8 73 184 0 19 2,439 2,735
9.  United Kingdom 28 0 112 258 4 122 1,973 2,497
10. Brazil 21 1 155 91 0 33 1,634 1,935
11. Mexico 9 0 92 333 0 6 1,402 1,842
12. Canada 7 2 65 240 0 15 1,380 1,709
13. Argentina 3 o 77 38 0 9 1,502 1,629
14. Poland 9 6 73 40 0 5 1,361 1,494
15. Colombia 6 0 55 116 0 7 1,020 1,204
16. Indonesia 11 0 49 32 0 9 971 1,072
17. Australia 9 4 44 138 0 6 843 1,044
18. Portugal 8 0 30 77 0 3 910 1,028
19. Netherlands 6 3 55 105 0 111 737 1,017
20. South Africa 18 0 23 31 0 22 905 999
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From Qucs-0.0.18 to Qucs-0.0.19: the way forward

Part 3 - Introducing the Qucs-0.0.19 structure
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processing o
linked to optimisation
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Q U Csato d post-simulation MAPP
data processing DC, AC, TRAN
Output data ABP
p{gtbslélsnd post-simulation
data processing
* Berkeley Model and Algorithm Prototyping / /
Platform (MAPP)
http://draco.eecs.berkeley.edu:8765/jr/MAPP/wikis/home Numerical + MAPP device modelling
post-simulation and simulation

data processing 4
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Octave support for Qucs circuit simulation

Part 1 — post simulation data processing

Octave
Post-simulation
data processing
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Octave support for Qucs circuit simulation

Part 2 — Qucs-Octave linked transient simulation

# Qucs 0.0.18 C:/Documents and Settings/s0237326/My Documents/Temp/boostconverter.sch % boost_converter_example.m

# boostconverter.net %

L:L1 netO dio L="47uH" I="0" %

VdciV2 _net0 gnd U="12V" cd(fileparts(which(‘asynchronous_boost_converter_example.m')));
Egn:Egnl Tmax="Bperiod*20" Tstep="Bperiod/1000" Export="yes" Tstart = 0; n = 100; tend = 5e-4;

.ETR:ETRL1 IntegrationMethod="Trapezoidal" Order="2" InitialStep="1 ns" MinStep="Tstep < % fixed-step synchonous solver test

Maxlter="150" reltol="0.001" abstol="1 pA" vntol="1 uV" Temp="26.85" LTEreltol="1e-3"
LTEabstol="1e-6" LTEfactor="1" Solver="CroutLU" relaxTSR="no" initialDC="yes" MaxStep="Tstep"
Eqn:Eqn2 Bfreg="40k" Bperiod="1/Bfreq" Bduty="50" Ton="Bperiod*Bduty/100" Toff="Bperiod-Ton"

clear gtr_asyncl
% create a new asynchronous solver object from a netlist
gtr_asyncl = asynctrcircuit('boostconverter.net’);

Export="yes" — 7 . .
Relais:S1 ctrl dio gnd gnd Vt="0.5 V" Vh="0.1 V" Ron="1" Roff="1e12" Temp="26.85" % initialist the simulation
Vrect:V1 ctrl gnd U="1V" TH="Ton" TL="Toff" Tr="1 ns" Tf="1 ns" Td="0 ns" gtr_asyncl.init(tstart, (tend - tstart) / (10 * n));
Diode:D1 out dio Is="1e-12 A" N="1" Cj0="10 fF" M="0.5" Vj="0.7 V" Fc="0.5" Cp="0.0 fF" Isr="0.0" Nr="2.0" % get the number of nodes

Rs="0.0 Ohm" Tt="0.0 ps" Ikf="0" Kf="0.0" Af="1.0" Ffe="1.0" Bv="0" Ibv="1 mA" Temp="26.85" Xti="3.0" N = gtr_asyncl.getn;
ngzli]éidTé)Y:lgo%UEZOOO Ttt1="0.0" Ttt2="0.0" Tm1="0.0" Tm2="0.0" Tnom="26.85" Area="1.0 % get the number of voltage sources
R:R1 gnd out R="5" Temp="26.85" Tc1="0.0" Tc2="0.0" Tnom="26.85" QUCS netlist: boostconverter.net M= qtr_asyncl.getm;

% choose some time points

T1 = linspace(tstart, tend, n)';

% initialise storage for the solution

Eoost Conwverter Y1l= ZerOS(nUmel(Tl), M+N),

% get the initial solution

Y1(1, 1:(N+M)) = gtr_asyncl.getsolution();

% step through time solving the circuit

for ind = 2:numel(T1)
% accept the step into the solution history
gtr_asyncl.acceptstep(T1(ind));
% get the node voltages and currents at the current time
Y1(ind, 1:(N+M)) = gtr_async1l.getsolution();

end

% plot the node voltages and branch currents

figure;

e AX = plotyy(T1 * 1000, Y1(:,1:N), T1 * 1000, Y1(:,((N+1):(N+M))));

title (‘'Boost Converter', 'FontSize', 14)

L xlabel('Time (ms)', 'FontSize', 14)
set(get(AX(1),'Ylabel'),'String','Node Voltages', 'FontSize', 14)
R i . e ﬂoﬁ:‘\ HDQ AN Dﬂ':\ ﬂo Qﬂ AN Df:\ ﬂa Q ﬂa =0 set(get(AX(2),"Ylabel'),'String','Branch Currents’, 'FontSize', 14)
Time (ms]

20

Node Volages

Branch Currents

externally driven - ECVS1
transient simulation u=ov

: a=3=@ ETR1 6



Compact device modelling with Qucs EDD models, SPICE B models,

MAPP DAE models, and Qucs ADMS/Verilog-A “turn-key” tools
Part 1: Launching MAPP fom Qucs

MAPP code in Qucs edit window

dject Tools Simulation View Help
Help P —

. Pk A/ w il LA HREEY R 9 & 1
. . View Al 0 3
4 . ;_J B ® | ysrcRCL_transient_demo.m X
.l I‘_'H' Vlew 1'1 1 — %vsroRCL_transient demo
23'*'! Zﬂom In + Addltlonal iniormation about OCtave i5 % To start this transient demo simulation,
C Zﬂﬂm Out . = > ‘.Er'_'fr Oft_avensfrip: name vsrcRLC transient demo
=ty . . . % Qucs Octav 1d wndow.
_ Please contribute if you find this softw [T The ones ferave command wnde
+ Toolbar _ > For more information, visit http:/iwww.i )
i clear;
RCLcktnet.cktname = 'RCL transient demeo circuit';
v §tatUSbar : Read http:waw_octave_org"bugs_html RCLc:cr,et.r,oder,ames = {"nl', 'n2', 'n3'}; % non-ground nodes
v Dock Window : For information about changes from pr fepeRtner. grovndnodenane - fandty
| . RCLcktnet = add_elemer_-_{RCLccr_e:, resMedSpec{), 'Rl', {'nl",
- Milldve YYinuaoy
o o o o o o o . . RCLcktnet = add_element (RCLcktnet, capModspec(), 'Cl', ['n2",
OCtave:“:.Dc‘ave:z} RCLcktnet = add_element (RCLcktnet, indModSpec(), 'Ll', ['n3",
startup_MAPP| | ,
i VinbDC =0.0;
QuCS prOJeCt h Vtran = @(t, args) args.A*sin(2*pi*args.f*t + args.phi);
: vVargs.h = 1; vargs.f = 1le5; Vargs.phi = 07
RCLcktnet = add_elemer_-_{RCLccr_e:, vsrcModSpec, 'V1', {'nl',

MAPPExamples_prj P> creneclict

>>» celldisp{cktnetlist.elements)

* This is the Berkeley Model and Algorithm Prototyping Platform (MAPP) DAE = MNA_BgnEngine (RCLcktnet);
- git branch 2014-12-10--alpha-release deep = dot_op (DRE) ;

- git version MAPP-alpha-v1.00.01 '

Startup_MAPP.m - installed under: :

~ . Thome/mike/MAPP-alpha-v1.00.01. ®init = zeros(feval (DAE.nunks, DAE), 1); % zero-state step re

VSFCRLC tranSIGHt demOm P tstart = 0; tstep = le-7; tstop = 1.5e-5;

- - %TRANobj = dot transient(DAE, xinit, tstart, tstep, tstop);

ifeval (TRANch] .plot, TRANobj);

feval (decop.print, dcop);

MAPP paths have been set up.

<> %év Rex:lfr. transient simulation with a different input:
type "help MAPP" (without the quotes) to start. -

octave:3>

Background to MAPP:

http://www.mos-ak.org/berkeley 2014/presentations/07_Jaijeet Roychowdhury MOS-AK Berkeley 2014.pdf
http://www.mos-ak.org/berkeley 2014/presentations/07_Tianshi_Wang MOS-AK_Berkeley 2014.pdf 7

+ + + +

Output on slide 8 ———p»

|vsrcRC L_transient_dem0|
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Compact device modelling with Qucs EDD models, SPICE B models,

MAPP DAE models, and Qucs ADMS/Verilog-A “turn-key” tools
Part 2: Qucs/MAPP output

Qucs circuit schematic and output data
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........................ le-05 1,2e-06  1,4e-00 e
o5 1265 1485 - - - - - -V DEmews oames | . . ..
From slide 7 MAPP output data

Background to MAPP:

http://draco.eecs.berkeley.edu/dracotiki/tiki-index.php?page=MAPPfeatures
Jaijeet Roychowdhury, Numerical simulation and modelling of electronic and biochemical systems,
Foundations and Trends in Electronic Design Automation 3:2-3, NOW, 2009 8
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Compact device modelling with Qucs EDD models, SPICE B models,
MAPP DAE models, and Qucs ADMS/Verilog-A “turn-key” tools

Part 3: From Qucs circuit synthesis to MAPP output

I3

File Edit Positioning Insert Project Tools Simulation View Help
SRREREN N N R

RCL3.m X | & BPFilteri.sch X | BPFilter.dpl

i
%
. %

QucsIMAPP RCL 3 .m test scnpt

This example tests the performance of a passwe band pass fllter

It demonstrates how to.use MAPP for small signal AC.domain simulation

- % of circuits built from-R, C and.L components driven.by.a .

- % independent voltage source with a constant ampliude -and swept frequency -
% input AC signal.

* % This'is free software; you cari redistribute it and/or modify

" % it'under the terms of the GNU Géneral Publi¢ Licerise ‘as published by

" % the Free Software Foundation; either version 2, or {at your option) any later version.
% Copyright (C), Mike Brinson, mbrin72043@yahoo.co.uk, December 2014.

: % To start this smaII 5|gnal AC simulation, enter the Octave script name

. % RCL3 in the Qucs Octave command wndow..
clear;

&

8

&

&

&

8

8

&

&

- BPFnetlist.ckiname = 'RCL BP Filter'; . BPFnetlist.nodenames = {'n1", 'n2’, 'n3', 'n4'};- BPFnetlist. gruundnodename = gnd

I - BPFnetlist = add.element{BPFnetlist, reshodSpec(), 'R2'; {'n1','n21, {{'R";50.0}}); -
- BPFnetlist = add.element{BPFnetlist, capModSpec(), 'C4', {'n2','gnd'}, 3.907e-9); -
BPFnetlist = add element(BPFnetlist, indModSpec(), 'L4', {'n2''gnd’}), 3.241e-6);
' BPFhetlist = add element(BPFnétlist, capModSpec(), 'C5', {'h2''n3"}, "1.381e-9); -
" BPFnetiist = add element(BPFnetlist, indModSpec(), 'L5', ['n3''n4}, 9.172e-6);

) 2 & 6k 68 84 68 H R

Ques Filter Syhnhesisf

HA S F /R

Lo@Y

. o o oo ke
= L5 n_ﬂ_/_

N 1 . | t . .Ch.ebysﬁev.béndfpéss.ﬁlt.er
—= |ac SImUlation | 447 oMMz, pitype, -

AGt - -impedance matching 50 Ohm -
"I'ybe=lin' . S L S .
Start=0.5MHz.

Stop=3MHz
Points=401

" BPFnetlist = add_element(BPFnetlist, capModSpec(), 'C6', {'n4''gnd}, 3.907e-9);
. BPFnetlist = add element(BPFnetlist, indModSpec(), 'L6', {'n4''gnd’}, 3.241e-6);

. BPFnetlist = add element(BPFnetlist, resModSpec(). 'R3', {'n4','gnd’, {{'R',50.0}});.
. VinDC =0.0; Viran =

- sweepltype = 'LIN'; fstart = 0.5e6; fstop = 3e6; nsteps = 401;-
" ACobj = dét.ac(DAE, QSSSOL, UDC, fstart, fstop, hsteps, sweeptype); feval(ACobj.plot, ACobj); -

This is the Berkeley Model and Algorithm Prototyping Platform (MAPP)
- git branch 2014-12-10--alpha-release

@(t, args) args.A"sin(2"pi"args.f’t + args.phi); Vtranargs.A = 1. Vlranargs f = 1e5 Vtranargs phl 0;
BPFnetlist = add.element(BPFnetlist, vsreModSpec, 'V1',.{'n1"'gnd’}, } {{'E'. {DC",-VinDC}, { 'ac', 1}.{'tr', Viran, Viranargs}}}):
UDGC =0; - DAE = MNA_EgnEngine(BPFnetlist); QSS = dot.op(DAE); QSSSOL = feva\(QSS getSolutlon QSB)

R2 . n2| | 5. )
% L=9.1720H
U ! V R=50 C=1.381nF Co in
o . 6. .. R3
- ¢4 L=3.241uH R=50
C=3.907nF - =
L 3. 241UH C=3.907nF
= Figure6 - + x
LTISSS analysis (magnitude): MMA DAE for RCL BP Filter
1
k=it
B
1073 > > =
108 B o e
== B8, .
LTISES analyzis [phaddFAMRIFDNE for RCL BP Filter
— 100 S : ]
o0 =
;6—100 o - - 5
T =200 I
o =300
2 —400 4
] 1
108
Frequency : : UU%
1,20655e+06, -B30,120 e

1e6 1.5e6 2e6 2.5e6 3e6
Freguency (Hz)

[=RES)

no warnings 1177 : 816



Compact device modelling with Qucs EDD models, SPICE B models,
MAPP DAE models, and Qucs ADMS/Verilog-A “turn-key” tools

Part 4: Compact device modelling; the tunnel diode model revisited

. . function plotIV tunnelDiode ModSpec wrapper ()
Qucs evaluation of tunnel diode MOD = tunnelDicde ModSpec wrapper () ; .
mOdeI equatlons vs = -0.05:0.001:0.4;
Equation Equation is = zeros(size(vs));
Model_parameters Model_equations .
Vv=0.4 Idiode=Is*(exp(Vpn/VT)-1.0) S = ee_model parmistruct (MOD);
et S i
\iIpr=0.1 I{Junnel=Ip*(Vpan}*exp((Vp-Vpn]Np] ',5‘ vpn , = vs(l, ldx},: i
v=1e-6 is(l,idx) = MOD.fe of S5(5);
K o Parameter end ]
sweep onre () MAPP tunnel diode test wrapper
dc simulation SWA - '
DCA ?;'::3:?11 plot ([min(vs), max(vs)], [0, 0], 'Color', 'red’,
Param=Vpn ’lir‘.eWid‘;h’, 1 ;Eb, r].j.]“.ES:}"J_Er, e
Start=-0.05 hald an:
Stop=04 plot ([0, 0], [min(is), max(is)]*leé, 'Color',
Points=451 ) i ; )
"red', 'LineWidth', 1.25, 'LineStyle', '—-=T");
h = plot(vs, is*lef, 'Color', 'blue', 'LineWidth'", 1.75);:
1e-5+ . -
axis tight;
box on; >
0T grid an;
% set (geoa, "FontMName ', 'Times New Roman', 'FontSize',
= 15, '"FantWeight ', "bold") ;
“le-5+ xlabel ("vpn (V)','FontName','Times New Roman',...
"FontSize', 18, "FontWelght', "bold");
25 vlabel ("ipn (uA) ', 'FontMName', 'Times New Roman', ...
"FontSize', 18, "FontWelght', "bold");
6 0’_1 012 ois 0.4 title(["I/V curve of a tunnel diode'], "FontMame', ...
Vpn (V) '"Times MNew Roman', 'FontSize',18, '"FontWeight', "bold') j
set (gef, 'color', "white') ;
lend
! S. Jahn and M.E. Brinson, Interactive compact device modelling using Qucs equation-defined devices,
e Int. J. Numer. Model. 2008; 21:335-349. http://onlinelibrary.wiley.com/doi/10.1002/jnm.676/abstract
@3- http://www.mos-ak.org/berkeley 2014/presentations/07_Tianshi_Wang_MOS-AK_Berkeley 2014.pdf 10
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Compact device modelling with Qucs EDD models, SPICE B models,
MAPP DAE models, and Qucs ADMS/Verilog-A “turn-key” tools

Part 4: Compact device modelling; the tunnel diode model continued

MAPP tunnel diode compact device model

function MOD = tunnelDiode_ModSpec_wrapper() _
—[ MOD = ee_model(); Tunnel diode 1/V curve
MOD = add_to_ee_model(MOD, 'external_nodes', {'p', 'n'});
MOD = add_to_ee_model(MOD, 'explicit_outs', {ipn}); | -~ — o - - - - - . . . . o o
MOD = add_to_ee_model(MOD, 'parms', {Is', 1e-12, 'VT', 0.025}); ' ]
MOD = add_to_ee_model(MOD, '‘parms', {'Ip', 1e-5, 'Vp', 0.1}); | 14 curve of a tumnel diode

MOD = add_to_ee_model(MOD, 'parms', {'IV', 1e-6, 'VV', 0.4, 'K', 5}); | .
MOD = add_to_ee_model(MOD, 'parms’, {'C', 0}); :
MOD = add_to_ee_model(MOD, 'f', @f);
MOD = add_to_ee_model(MOD, 'q', @q);
MOD = finish_ee_model(MOD);

end

ipn [uRA)

function out = f(S)
v2struct(S);
|_diode = Is*(exp(vpn/VT)-1);
|_excess = Iv * exp(K * (vpn - VV));
|_tunnel = (Ip/Vp) * vpn * exp(-1/Vp * (vpn - Vp));
out =1 _diode + |_tunnel + |_excess;
end

function out = q(S) | ven (V)
vastruet¢sy, . =
out=C*vpn;

end A

MAPP post-simulation output

11
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Compact device modelling with Qucs EDD models, SPICE B models,
MAPP DAE models, and Qucs ADMS/Verilog-A “turn-key” tools

Part 5: Compact device modelling; the tunnel diode model continued

function out = plotGV_tunnelDiode_ModSpec_wrapper()
MOD = tunnelDiode_ModSpec_wrapper();

vs =-0.05:0.001:0.4,
gs = zeros(size(vs));

for idx = 1:1:size(gs,2)
gs(1,idx) = MOD.dfe_dvecX(vs(idx), [], [I, [, MOD); | - e e e e e e e

end S — | Figure 2 -+ x| -
ﬁgure(); GAY curve of a tunnel diode
plot([min(vs), max(vs)], [0, 0], ‘Color', 'red’, 'LineWidth', ... 00008 bl S S S SO S S o
1.25, 'LineStyle’, '--"); ' ' ' ' ' ' '
hold on; o005 b X oo e o S R L S L ]
plot([O, O], [min(gs), max(gs)], ‘Color’, 'red’, 'LineWidth', ... - : : : : : : :
1.25, 'LineStyle', '--"); YN P W R S L L L L L . ]
h = plot(vs, gs, 'Color’, 'blue’, 'LineWidth', 1.75); ' ' ' ' ' '
g 0,.0003
axis tight;
box on; T 0.0002
grid on; '
set(gca,'FontName','Times New Roman','FontSize',... I
15,'"FontWeight','bold"); | : :
xlabel('vpn (V)','FontName','Times New Roman','FontSize’,... - o Ii ~—_ Ii
18,'FontWeight','bold"); i -0,05 0 0,06 01 015 0,2
ylabel(‘transconductance G (S)','FontName’,'Times New Roman’,... e ven ()
'FontSize',18,'FontWeight','boldy; | T -
title(['G/V curve of a tunnel diode'],'FontName’,"Times New Roman’, ...
'FontSize',18,'FontWeight','bold"); .
set(gcf,'color','white"); Tunnel diode G/V curve

end

12




Compact device modelling with Qucs EDD models, SPICE B models,
MAPP DAE models, and Qucs ADMS/Verilog-A “turn-key” tools

Part 6: Tunnel diode EDD model and test circuit

N & .-~y
TD_EDD1 Lt o @ evte
- UsVs - Ip=1e-5
P1 - =1e6
VT=0.025 l dc simulation || — ¥E;Sjj
[ Equation < ) Is=1e-12 oo sl
' lp=1e-5
Modal_paramatars P
Ww=0.4 / lv=1e-6 E;:;n;emr
WT=0.025 N1 Vp=0.1
lp=18-5 VV:0_4 2}‘:11=D(31 Equation
vp=0.1 K=5 ;3;;;:;::1\,5 EEZ:H(I_TD.I, Vs)
lv=18-6 C=0.01 p 2%2;5{;”4”5
k=5 > —p Points=451
s=18-12 P el t
| Equation 7 ' _ >
= -5e-Br
Madal_aquations L l l - est
diode=|s" jexp(Vpr'VT)-1.0) e
laxcass= v axp (K" [Vpnr-Vv)) l"" S i—‘ -25e-5-—4
lpn=HKioda+laxcass+ [tunnal N1 -
lunnal=1p*(Vpr'Vp) axp((Vp-Von Vo) Be-4-
D1 o4
de-41
11=I1s*(exp(V1/VT)-1.0) o -4}
Q1=C*V1 ol
12=Iv*exp(K*(V1-Vv)) qeql |
13=Ip*(V1/Vp)*exp((Vp-V1)/Vp) oo g e
-39 13




Compact device modelling with Qucs EDD models, SPICE B models,
MAPP DAE models, and Qucs ADMS/Verilog-A “turn-key” tools

Part 7: Tunnel diode Verilog-A model and test circuit

I/l Tunnel diode Verilog-A compact device model.

/I Verilog-A code translated, by hand, from
Il MAPP model.

Il

‘include "disciplines.vams"

‘include "constants.vams"

/l

module TD(p,n);

inout p,n;

electrical p,n;

Il

parameter Is=1e-12 from [1e-20 : inf);
parameter Ip=1e-5 from [1e-20 : inf);
parameter lv=1e-6 from [1e-20 : inf);
parameter Vp=0.1 from [1e-20 : inf);
parameter Vv=0.4 from [1e-20 : inf);
parameter KTD =5 from [1e-20 : inf);
parameter VT=0.025 from [1e-20 : inf);
parameter C=1e-15 from [1e-20 : inf);
Il

real Idiode, lexcess, Itunnel;

Il

analog begin

Idiode = Is*(exp(V(p,n)/VT)-1.0);
lexcess = Iv*exp(KTD*(V(p,n)-Vv));
Itunnel = Ip*(V(p,n)/Vp)*exp(Vp-V(p,n)/Vp);
I(p,n) <+ Idiode+lexcess+ltunnel;
I(p,n) <+ ddt(C*V(p,n));

end

endmodule

<]
L V1 I TD1
— u=vys LTD /e ls=1e-12
| |_L Ip=1e-5
1 NG v=1e-6 —
- ] Vp=0.1 £
1 Ww=04 _|
- KTD=5
VT=0.025
C=1e-15
Parameter
swee
P dc simulation || ©
SW1
Sim=DC1 DC1
Type=lin
Param=Vs Equation
Start=-0.05 Eqgn1
Stop=04 G=diff(I_TD.I, Vs)
Points=451

1e-5

-1e-5

4e-4

3e4

2e-4

1e-4

0.1 0.2 0.3 0.4
Vs

0.1 0.2 0.3 0.4
Vs

239
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Compact device modelling with Qucs EDD models, SPICE B models,
MAPP DAE models, and Qucs ADMS/Verilog-A “turn-key” tools

Part 8: Tunnel diode SPICE B model and test circuit

1208 I(Vm)

Typical ngspice, Xyce and LTspice tunnel diode netlist
constructed with a subcircuit and B type non-linear

current sources

= Test of TD_SPICE model

. subckt tdspice p1 n1 Vv=08.4 UT=8. 825 Ip=1e-5 Up=8.1 Iv=1e-6 K=5 Iz=1e-12
Bdiode p1 nl1 I={Is}={exp{ {v{p1)-v{n1))/{UT}) - 1.8)

Bexcess pl1 nl I={Iv}=exp{ {K}={vw{p1)}-v{n1}-{uv} } )}

Btunnel  p1 n1 I={Ip}={ (v(p1) -v(ni}){{Vp})=exp( ({Vp}-(v{p1}-v(n1} } }/{¥p})
ctd pl1 n1 1e-15

. ends

E.d

Vdc 18 DC A

Um 12 DCaA

¥td 2 8 tdspice Vv=8.4 VUT=8.825 Ip=1e-5 WVp=8.1 Iv=le-6 K=5 Is=le-12
Ed

.dc Udc -8.85 8.4 5e-3

.plot DC I{Um}

k.3
. end

The tunnel diode conductance = diff( I(Vm), Vdc ).
SPICE equivalent of diff appears not to be N
24pA:

Im plem ented ? -50mv 50mv 150mVv 250mV 350mV
Vdc

G- 3-% 15




Linking ngspice and Xyce to Qucs: Part 1 - Background

Concept

The primary purpose of the proposed integration is (1) to provide a facility which allows Qucs
schematics to be simlulated with GPL SPICE compatible simulation engines,
In particular ngspice ( http://ngspice.sourceforge.net ) and Xyce ( https://xyce.sandia.gov/ ),
and (2) to check compact device model performance and accuracy across different simulators.

Qucs Schematic Component 1 Component N
Current state of Work: o ] Moot
« Implemented Ngspice/Xyce netlist builder pev—— 9eTRy coNeTTtl
* Implemented Ngspice/Xyce simulation output to
Qucs XML-dataset converter
° Supported ComponentS: Qucsator Netlist Builder Qucsator Netlist Builder Qucsator Netlist Builder
RCL components QuesGlllevel | _ L ____ Lol ___ JL o] IR
Nonlinear devices (Diode, BJT, MOSFET, JFET) o Y
Simulation kernel level. . . . .
AC, DC’ pulse Voltage Sources Execution outside Qucs Qucsator Engine Ngspice Engine Xyce Engine
Controlled sources Qucs GUI level
Relay | somor-msoyTo- T-7773 il i Bl Yy i
o Supported S|mUIat|OnS Ngspice sim output Xyce sim output
DC SlmUIatlon to (.)ucs data converter to Qucs data converter
Transient simulation rertocn ntertnce Trertace
AC simulation
Harmonic Balance (Xyce)
. - Qucs data visualization engine
* Qucs library components support (ngspice) Qucs GUI level
\ ‘ Source code available from https://github.com/ra3xdh/qucs/tree/spice4qucs 16
| &= X @ ]



http://ngspice.sourceforge.net/
https://xyce.sandia.gov/
https://github.com/ra3xdh/qucs/tree/spice4qucs

Linking ngspice and Xyce to Qucs: Part 2 - A simple RC circuit example

Qucs menu Simulate (F2)

Simulate with SPICE

(ngspice or Xyce)

Simulation console

Circuit * ques 0.0.19
homefwlkd ques/cr-1.dpl

Doing analysis at TEMP =
27.000000 and THOM =
27.000000

ngspice-26 done

) >

| Simulate o Stop

< >l

@3-

o
" —=——

L c1 .
V1 o
=068V

.2 Edt Diagram Properties

Data | Properties | Limits

Color: [l Style: solid line

Dataset

Graph Input

v | Thickness: y-Axis;

left Axis v

Graph

ac simulation

AC1 -
Type=lin
Start=1 MHz -
Stop=10MHz
Points=1000 -

1transient

| simulation

TR
. Type=lin
 Start=0
~ Stop=1 us

08T

(=]

o
fl
T

=]
I
T

ngsp-ACL_ngspice:ac.vivr]’

1

LCR-1_ngspice v | |[LCR-1_ngspice:tran v(vr)
LCR-1_ngspice:tranv(vin)

1 : 2 A

1 frequency  indep 10r

2 acv(vin) dep fre

3 acvivr) dep fre

4 [time indep 41

5 tranv{vin) dep tim

~h New Graph |

G tran v{vr) dep tirm v

| — > | Delete Graph |
OK N Apply ] Cancel J

EVfﬁﬁ

‘ngsp-RCL_ngspicetran.vivr) -
ngsp-RCL_ngspicetran vivin) -




Linking ngspice and Xyce to Qucs: Part 3 - A larger circuit example

Audio amplifier schematic

D514D ]

KS139A[1

|:| Elﬂk |::| E;Sk

_Lcs

C=22n
R11
R=39

=500u R31 R28
|::| R=1k R=2

II KT814B_

KT3102A_2
R19

I: KT3102A]1

R79 R=120

1

KTB18A_1 I Uoos

2185137 R13

R=68 R20
c10 R=039
= C=33n =

KS139A12

D140 1

I.\l KT3107A_1

(I [‘]2215K "'

=15

/jgut
— 1}
- R
2124_1 = []:I 23 R

KT819A_1

32
=8
R21 R=0.38
R=68
KT. 12
R30 R=120
R=120
KTB15B_1
_I: R27
R24 R=2 KT819A_1
[ —T3

iﬁfzs
'l'.

dc simulation

DC1

transient
simulation

TR1
Type=lin
Start=0
Stop=1ms

c12

= C=32n

Ngspice and Xyce audio amplifier test

circuit and typical simulation results

—
o
1
T

p_ngspice.ac v(out)

audic_am

AC gain against frequency

L]
1
T

o
1
T

1e4 1e5 1e6

Transient output voltage against time

p_ngspice tran v(out)

audio_am)

15+

o

o

=1

n

o

3

Te-4 8e-4 9e-4 1e-3
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Linking ngspice and Xyce to Qucs: Part 4 - Comparing Qucs and

Xyce Harmonic Balance simulation

O O E‘
> >
0oy —
k=P
Harmonic balance 09
' i e o Xyce
simulation 38 y
== ,‘.!-...2__
e
HB1 E E
f=1 MHz R
n=17 ﬁﬁD?T‘T‘T’T‘T’%’I“ T Tﬂ*TJT\T;T\A
iabstol=1 pA -8e6  -6eb -4ef -2e6 0 2eb 4e6 Geb Beb
vabstol=1 uV hbfrequency
reltol=0.001 hbfrequency
10+
O 0
Node Node3 1:2 z
— — L8 ST Qucs
LI LI I S0
v . 21 C EE He |D11 15 A
N - =100 pitim ~ =100 3 s=Te- 4
1&{;1h?1:§) C=1eF A=100k 1 N R 5 K\ X
- i 1 Cjo=0 fF 0 5e6 1e7 1.5e7
_;_ Cp=0.01F hbfrequency
Rs=0.0 Ohm hbfrequency
Bv=0.7
4-3-9 19




Linking ngspice and Xyce to Qucs: Part 4 — Small sighal S parameter

simulation with ngspice and Qucs

ac simulation

R6 ACH

R=50 Type=log
Start=10k Hz
Stop=100MHz
Points=161

IN ouT Sa1
- YT T &> -
e L2 e R2 J/ +
T L=15.92uH | R=50 d
- L r— Tt
C3 C4 SRC2
C=3.183nF C=3.183nF G=2
dc simulation
et DUT
S12 N
—* » P B T
+
R7 \L R3 I L3 I
R=50 TN R=50 L=15.92uH
1 I T L €T 1
G=2
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Resistor co

Qucs: new circuit design aids

Active filter synthesis

File Help

Filter parameters General Filter amplidure-frequency response Filter topology preview
Passband attenuation, Ap (dB) 3

Stopband attenuation, As (dB) 20

Cuttof frequency, Fc (Hz) 1000

Stopband F , Fs (H 1500
opband frequency, Fs (Hz) K (dB)

File Help

Resistance Values

50

Tolerance: 1%

¥ To Colors

L Color Codes

ohms 2| |1%

Closest standard resistance : 49.1.0hms

| | @ To Resistance | Quit

Colour Codes

vellow :| |white =| black

2 |white 2| |brown :|

Passband ripple Rp(dB) 3

output

Passband gain, Kv (dB) 0 Ap input
R Vot
Filter order 5 P As

1 q] 1
Fc = |- |-
e = % R2 _LGR13
< W1 I

Transfer Function and Topology

Approximation type: Butterworth =1 0 1
Fs F (Hz; =

Filter type: LowPass =

Filter topology Multifeedback (MFB) = |

Calculate and copy to clipboard

Filter calculation console

@-3-9

Filter order=7

Poles list Pk=Re+j*Im
-0.222521 + j*0.974928
-0.62349 + j*0.781832
-0.900969 + j*0.433884
-1 +j*%6.12323e-17
-0.900969 + j*-0.433884
-0.62349 + j*-0.781832
-0.222521 + j*-0.974928

« Main window of the Qucs-active filter design tool.
« Butterworth, Chebyshev (Type | and Il), Bessel, and Cauer low-pass,
high-pass, band-pass, and band-stop active filter design capabilities.

« Sallen-Key, Multifeedback and Cauer filter section topologies are available.

» User-defined filter transfer functions.
* Full Qucs integration, including a copy-and-paste interface.
e To be released with Qucs-0.0.19.

22



Qucs: Actave filter design example

Butterworth Low Pass Active filter design

—| qucsactivefilter - + % .
File Help e
Filter parameters General Filter amplidure-frequency response Filter topology preview o o o C=10000.000pF - - "-/lgut
Passband attenuation, Ap (dB) |3 I Rz - R1 S — -~ |
0 so| R=22.504k | 'R=22511k 3
Stopband attenuation, As (dB) |10 = oo Ml ST il
Cuttof frequency, Fc (Hz) 1000 o vl '—' o '—' _
Stopband frequency, Fs (Hz) 3000 c2 S Ufe = @R = = = o o o
K (@B) I T Cseooons SR
Passband ripple Rp(dB) 0 /lﬁlput . —— S T P I —
Passband gain, Kv (dB) 0 Ap ) input - HS- @ o o
. Rp i %} L R1000.000k
Filter order 5 Fe As T lace simulation || o
Jeo = .
|Equatior
Transfer Function and Topology LV o - - m
Approximation type: |Butterworth -l o W ' _ACL {de simulation I - sl
L J e = Type=iin ¢ simulation K=dB(out.v/in.v)
Manually define transfer Function Fs d
- Start=1 Hz - :
Filter type: | LowPass = o "~ Stop=10kHz - - DCt1
: S " Points=2001
Filter topology | sallen-Key (5-K) = a o 8 o o o
Calculate and copy to clipboard )
0
Filter calculation console
Filter order =2 _
Poles list Pk=Re+j*Im 1y T
-0.707107 +j*0.707107 L4 K:-3.01796
-0.707107 +j*-0.707107
Part list
Stage# C1(uF) C2(uF) R1(kOhm) R2(kOhm) R3(kOhm) R4(kOhm) R5(kOhm) R6(kOhm) 40+ -
1 5000.000pF 10000.000pF 22.504 22.511 1000.000 0.000 0.000 0.000 o { t } :
P : 10100 18 te4
: . Frequency (Hz)

@ -3-9 23




Qucs: Actave filter design algorithms - 1

Filter transfer functions

@ For odd order filters without transfer function zeros (Butterworth, Chebyshev Type-l and Bessel):

N No )
Hls) = ggz; = Hh(s) H Fals) = Fo +1CN H 2 + B(?'s + G (1)

@ For odd order filter with transfer function zeros (Cauer and Chebyshev-Type-1l)

- 1 2 244
H(s)=H H,(s) = H, : 2
)= [ i) = e TT g )
@ For even order filter without transfer function zeros:
No N> C.
H(S)ZEHZ(S):HOESZ—I—B;S—I—C; )
@ For even order filter with transfer function zeros:
N> N> 2
s+ A
H(s) = H = H, 4
T | (O | e z
Gio 24




Qucs: Actave filter design algorithms - 2

@ Input magnitude response parameters:
o Cutoff frequency

@ Filter circuit building algorithm

Data: Filter Magnitude response parameters or transfer

@ Stopband frequency
o Passband attenuation
o Stopband attenuation
e Passband ripple (for Chebyshev and Cauer filters only)
e Passband gain

@ User defined transfer function representation

N(s)  bms™+ ...+ bis+ by
D(s)_ aps" + ...+ ais + ag

H(s) =

Input parameters:
@ Numerator coefficients b,,

> function numerator and denominator coefficients
Result: Active filter circuit in Ques XML format in
system clipboard

begin
if UserDefined TransferFunction then
SolveEquiations N(s) =0, D(s) =0;
Poles,Zeros < FindPolesAndZeros();
else
Select TransferFunction Approximation();
DetermineFilterOrder();
Poles,Zeros < CalculatePolesAndZeros();
end
SectionsCount +— EvaluateFilterSectionsCount();
end
for i < 1 to SectionsCount do

Find ABCcoefficients(Poles[i],Zeros]i]);

@ Denominator coefficients a,
=" [ Defina fber transfer funcion BEEE &
”’(,-.] F;“_,_\fn + Jp“. | 8™ . Ly .+ i'n_;_-..: + i'pln- + by
8" + @y 18" L aast a8+ ag
Humearator b= Danaminatar alil=
ol - all -
. g |1 0
1 1105
2 I3 45
3 !3 10
' !4 l
£ o |_‘_ jv
Accept Caneel

a-3-9

Transfer function definition window

o CalculateRCElementsValues();
end
BuildFilterCircuit();
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Improvements to Qucs documentation and code

control features - 1

1. New style HTML “Qucs-Help” documentation

Qucs Help
Docs » Background View page source

Background

The ‘Quite universal circuit simulator’' Qucs (pronounced: kju:ks) is an open source circuit simulator
developed by a group of engineers, scientists and mathematicians under the GNU General Public
License (GPL). Qucs is the brain-child of German Engineers Michael Margraf and Stefan Jahn. Since its
initial public release in 2003 around twenty contributors, from all regions of the world, have invested
their expertise and time to support the development of the software. Both binary and source code
releases take place at regular intervals. Qucs numbered releases and day-to-day development code
snapshots can be downloaded from (http://qucs.sourceforge.net). Versions are available for Linux
(Ubuntu and other distributions), Mac OS X © and the Windows © 32 bit operating system.

In the period since Qucs was first released it has evolved into an advanced circuit simulation and
device modelling tool with a user friendly “graphical user interface” (GUI) for circuit schematic capture,
for investigating circuit and device properties from DC to RF and beyond, and for launching other
circuit simulation software, including the FreeHDL (VHDL) and Icarus Verilog digital simulators. Qucs
includes built-in code for processing and visualising simulation output data. Qucs also allows users to
process post-simulation data with the popular Octave numerical data analysis package. Similarly,
circuit performance optimisation is possible using the A SPICE Circuit Optimizer (ASCO) package or
Python code linked to Qucs.

Between 2003, and January 2015, the sourceforge Qucs download statistics show that over one
million downloads of the software have been recorded. As well as extensive circuit simulation
capabilities Qucs supports a full range of device modelling features, including non-linear and RF
equation-defined device modelling and the use of the Verilog-A hardware description language (HDL)
for compact device modelling and macromodelling. Recent extensions to the software aim to diversify
the Qucs modelling facilities by running the Berkeley “Model and Algorithm Prototyping Platform”
(MAPP) in parallel with Qucs, using Octave launched from the Qucs GUI. In the future, as the Ques
project evolves, the software will also provide circuit designers with a choice of simulation engine

selected from the Qucs built-in code, ngspice and Xyce ©.

@-3-9 | 26




Improvements to Qucs documentation and code

control features - 2

2. New style HTML Qucs Tutorial/Report documents

Docs » Subcircuit and Verilog-A RF Circuit Models for Axial and Surface Mounted Resistors

View page source

Subcircuit and Verilog-A RF Circuit Models for Axial
and Surface Mounted Resistors

Mike Brinson

Copyright 2014, 2015 Mike Brinson, Centre for Communications Technology, London Metropolitan
University, London, UK. (mailto:mbrin72043@yahoo.co.uk)

Permission is granted to copy, distribute and/or medify this document under the terms of the GNU
Free Documentation License, Version 1.1 or any later version published by the Free Software
Foundation.

Introduction

Resistors are one of the fundamental building blocks in electronic circuit design. In most instances
conventional resistor circuit simulation models are characterized by I/V characteristics specified by
Ohm's law. In reality the impedance of RF resistors is frequency dependent, being determined by
component physical properties, component manufacturing technology and how components are
connected in a circuit. At low frequencies fixed resistors have a nominal value at roomtemperature
and can be modelled accurately by Ohm's law. At RF frequencies the fact that a resistor acts maore like
an inductance or a capacitance can play a crucial role in determining whether or not a circuit operates
as designed. Similarly, if a resistor is modelled as an ideal component at a frequency where it exhibits
significant reactive properties then the resulting simulation data are likely to be incorrect. The
subcircuit and Verilog-A compact resistor models introduced in this Qucs note are designed to give
good performance from low frequencies to RF frequencies not greater than a few GHz.

0

0.7,

0.5,

0.3,

Cal [0

a1

St = | MHz

-
THAL «0c8

511 Real
™

(0
Log Frequency Sween Stop = 1300 MHz ¢

Figure 7 - DGSAQ Vector Network Analyser 5 parameter measurements for a 47 (3 axial RF resistor.

v-l-w'

(cptmisation]
oprt
[tquation

ana
L et i b it
[Cr2e (imapiS(2, 21} 4mapii1. 100°3]

23]

s

Optimized valses of model parame

displaying Optimizatien icon meau “Variables™ |

Figure 8 - Qucs device model parameter extraction system applied to a nominal 47 (3 resistor
represented by the subcircuit model illustrated in Figure 2 (c). Fixed model parameter values: Rs = Rm
=47.3(}, CShunt = 0.08pF; Optimised values: Ls =L = 10.43nH, Llead =LL = 1.47nH, Cp = C = 0.69pF.
To reduce simulation time the ASCO cost variance was set to 1e-3. The ASCO method was set to
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Improvements to Qucs documentation and code

control features - 3

Qucs-GUI o019
Related Pages | Namespaces | Data Structures | Files |

Qucs GUI documentation

Introduction
This documentation is generated from the qucs sourcecode using Doxygen. Diagrams in the manual are produced by the dot utility--normally distributed as part of the graphviz package.
Hacking on this documentation
Eventually there will be a style guide for documenting, with an example of a one of the source files documented "by the book". Until then, feel free to start documenting or playing with doxygen configuration.
Doxygen Configuration
To edit the doxygen configuration, you can use (from the quecs-doc top directory):
» cd doxygen; doxywizard doxygen.cfg &
The default doxygen configuration only produces documentation for modules and data structures that have been explicitly tagged in the source code. More detailed documentation may be obtained by modifing the doxygen configuration file (.. ./doxygen/doxygen.cfg).
Options of particular interest include:

# INPUT which identifies the code to be scanned. The default configuration assumes that the qucs, qucs-core and ques-doc top level directories are siblings.
* EXTRACT_ALL which will document all software components whether tagged or not.
* SOURCE_BROWSER which will embed implementation code in the documentation.

Enabling the latter two options will significantly increase the size of this manual, as well as the time it takes to generate it.

Doxygen reference documentation

The Doxygen web site (http://www.doxygen.org/) has a complete user manual. For the impatient, the most interesting sections are:
* How to write documentation blocks for files, functions, variables, etc.: http://www.doxygen.org/docblocks.html Be sure to include a file documentation block (@file or \file) at the top of your file. Without it your documentation will not appear in the html.
 List of the special commands you can use within your documentation blocks: http://www.doxygen.org/commands. html

Qucs-core o019

Main Page Related Pages ‘ Modul | N P Data Structures Files

Qucs design and developer's manual

Introduction

This developer and design manual is generated from the qucs sourcecode using Doxygen. Diagrams in the manual are produced by the dot utility--normally distributed as part of the graphviz package.

The standard source distribution does not generate this manual by default. Instead it provides a default doxygen configuration in the doxygen sub-directory. A local copy of this manual may be generated by using (from the qucs-doc top directory):
e cd doxygen; make doxygen

You may view your local copy by direcing a web browser to:
e file:///[qucs-doc directoryl]/doxygen/html/index.html

Hacking on this documentation

Eventually there will be a style guide for documenting, with an example of a one of the source files documented "by the book". Until then, feel free to start documenting or playing with doxygen configuration.

— 3. Source code documentation generated with Doxygen
P 9 yo 28




Improvements to Qucs documentation and code

control features - 4

Concept
With each release of Qucs the program code becomes more complex
and the number of built in device models increases. In an attempt to ) ) )
check that new device models and code changes do not, inadvertently, Typical Qucs simulation report
introduce bugs or simulation errors a set of software tests are under for passed tests
development. Eventually, these tests will exercise all Qucs passive
component and active device models across relevant simulation _ : _ :
domains Project | Schem. Version | Sim. Runtime
AC_SW_resonance_prj |0.0.4 | 0.016968
AC_SW_swr_meter_prj 1 0.0.4 | 0.017098
AC_bandpass_prj | 0.0.17 | 0.115111
AC_groupdelay_ac_prj | 0.0.12 | 0.034698
DC_AC_SP_stab_pri |0.0.4 | 0.067629
DC_AC_active_bp_prj | 0.0.5 | 0.016422
f k DC_AC_active_Ip_prj 1 0.0.5 | 0.017316
- DC_AC_bbv_prj |0.0.5 | 0.032346
Current State OT WOrK: DC_AC_gain_prj |0.0.5 | 0.031954
- Tests operation of Qucs GUI (qucs) and simulator engine (qucsator) D AC e Py o Osezas
» Test process uses Python, testing Qucs projects held in a “testsuit” directory DC_AC_selective_amp_prj  ]0.0.5 | 0.017569
. . . . DC_SP_LPF-Balun2_prj | 0.0.15 | 0.216681
($python run.py --prefix /Thome/user/local/qucs-master/bin/ --skip skip.txt --qucsator) DC_SP_LPF-Balun3_pij 10.0.15 | 0.165655
» Projects which are known to fail can be skipped DC_SP_opamp_gyrator_prj  |0.0.5 | 0.018379
. . DC_SW_bridge_prj |0.0.3 | 0.034325
* Test options: _ _ _ DC_SW_bsim4v30nMOS_Ids_Vgs_prj | 0.0.18 | 0.217675
e --gqucs’ runs the schematic to netlist conversion. Bg_gw_bﬁim4V30PM05_|dS_V£3|56%fi4| 0.0.18 || 8%5;331
< N . _SW_charac_prj .0. .
* --Qucsator runs the S|mulf\itor. _ o DC_SW_diff1_prj 10.0.5 10167375
* --add-test [schematic].sch™ adds a schematic as a test-project into the test-set. Dc_Sw_?iode_p?‘ , 10.0.18 | 0.421467
- --skip [file]" will skip the projects listed in the [file]. - DG oW Meragua o 19018 |6 oa067
* "--project [project directory from testset] will run a single test from the set. DC_SW_rgummel_prj 110.0.10 | 0.065789
« --compare-qucsator [prefix/one prefix/two prefix/three] runs multipe qucsator DG TR attive e a0 b |0 351000
simulators. SP_SmithChartTest_prj 10.0.12 | 0.065689
« --verbose [0]1] increase verbosity: 0 = progress and errors, 1 = all info. e o 065ase
SP_chebyshevl_5th_prj 1 0.0.3 | 0.034585
SP_elliptic_5th_prj |0.0.3 | 0.065700
SP_fet_noise_prj | 0.0.5 | 0.034303

4. Qucs model and progam code test system
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Possible directions for Qucs development after release 0.0.19

Summary and possible future directions

* Qucs 0.0.19 is likely to be a major release of the circuit simulator package with

many of the features introduced in this presentation included. At this stage in

the Qucs development cycle it is difficult to say what the final structure of the
software will be, or indeed how complete the new features will be. However, as a
minimum Qucs 0.0.19 will have benefited from the significant amount of work
done by the Development Team to remove bugs, restructure the software,

port the GUI from Qt3 to Qt4, improve the performance of qucsator, add new
circuit design and modelling features and make the Qucs GUI more user friendly

and productive.

MUCH WORK STILL NEEDS TO BE DONE BEFORE FURTHER NEW
FEATURES ARE ADDED TO THE SOFTWARE CODE.

* Medium to long term possible improvements to Qucs have been published in the
 revised Qucs Wiki roadmap. This can be found at

https://github.com/Qucs/qucs/wiki/Roadmap

Stable and development versions of Qucs and MAPP can be downloaded from:
1. Qucs : http:/ilqucs.sourceforge.net/ and https:/igithub.com/Qucs/qucs/
2. MAPP : http:/ldraco.eecs.berkeley.eduldracotikil/tiki-index.php?page=MAPPgpIDownloads 30
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