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Background: Qucs development road map

Release Notes [Highlights]

0.0.1
0.0.2
0.0.3

0.0.5
0.0.6
0.0.7
0.0.8
0.0.9
0.0.10

0.0.11

0.0.12

0.0.13
0.0.14

0.0.15
0.0.16

First public version of simulator - very basic.

First MacOS version.

Implemented S-parameters and noise analysis. Added microstrip components and

BJT and MOSFET devices.

Implemented AC analysis and basic transient analysis.

Mainly bug fixes and extensions to implemented analysis.

Windows [ 32 version. Simulator renamed as Qucs. New device library manager.
Added post simulation data processing mathematical functions.

Support for pure digital simulation using FreeHDL. Added many new component
models. Improved post simulation data plotting features. Added a filter synthesis tool.
New functions in equation solver. Harmonic Balance simulation introduced. Many

new components added.

Qucs converter tool improved. Support for nine-valued VHDL logic. Circuit optimization
introduced using ASCO. Added attenuator design tool.

Added device parameters to equations and parameters to subcircuits. New models plus
improvements to existing models. Using ADMS to translate Verilog-A device models for
use in Qucs.

Lots of new components, bug fixes and small improvements. Added support for Verilog
using Icarus Verilog. Support for symbolically equation-defined devices (EDD). Explicit
equations allowed.

General improvements plus implementation of immediate vectors and matrices in equations.
Implemented multi-port equation-defined RF device (RFEDD) S, Y and Z parameters
available. Two-port equation-defined device also supported.

Mainly bug fixes, small improvements and the addition of new models.

Implemented interactive post simulation data processing using Octave. Again many bug
fixes, small improvements and the addition of new models.
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Feb. 2011

Mar. 2011
Jun. 2011

Nov. 2011

Feb. 2012

Background: QucsStudio development road map

Release Notes [Highlights]

1.0.0

1.1.0

1.2.0

1.3.0

1.3.1

First public version of simulator- features include more than 100 circuit components,

DC analysis, AC analysis (including noise analysis and noise distribution analysis), S-
parameter analysis (including noise simulation), transient analysis, Harmonic Balance
analysis (including noise simulation), system simulation, parameter sweep and optimization
of analogue circuits, digital simulation with ICARUS Verilog,PCB layout using KiCAD,
numerical data processing using Octave, RF transmission line calculation (coaxial, microstrip,
coupled microstrip, coplanar line, stripline, twisted pair rectangular wavequide etc.,

filter synthesis (LC ladder, stepped-impedance, microstrip, active filters etc., attenuator
synthesis, and GPIB control.

Added VHDL digital simulation with GHDL plus numerous bug fixes.
Many small improvements plus bug fixes.

Added compiled C++ and Verilog-A device and circuit models using MinGW and ADMS,
more bug fixes and small improvements. Released QucsStudio-light: QucsStudio without
Octave and model Compiler.

Added large signal AC circuit simulation using Harmonic Balance.

Many small improvements plus bug fixes. Range of compact semiconductor device
models released: Verilog-A models held in binary C++ library.



SPICE and Qucs basic types of simulation facilities

Schematic capture:

Circuit simulation: Post simulation data

generates circuit — DC, AC, TRAN, S-parameter, — processing and
diagram noise and Harmonic Balance visualization
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Equation blocks + simulation data sets —» Data processing — »

Qucs post-simulation MATLABL */Octave** data processing features

Tables and plots

Constants: i, j, pi, e, kB, q Number suffixes: E,P, T, G, M, k, m,u, n, p, f, a
Immediate: 2.5, 1.4+j5.1, [1, 3, 4, 5, 7], [11, 12; 21, 22] Matrices: M, M[2,3], M[:,3]
Ranges: Lo:Hi, :Hi, Lo:, : Arithmetic operators: +x, -x, x+y, x-y, x*y, xly, x%y, x*y

Logical operators: !x, x&&y, x||y, Xx**y, x?y:z, x==y, xI=y, X<y, X<=y,X>y, X>=y
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TR R=50 P i ok vt * MATLAB, Mathworks, http://www.mathworks.com/
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i ow 000 ey Octave, http://www.gnu.org/software/octave/

St0_p=10 ms f1_amp=5.0 - Amp_squared=Adft[:LAdfto2]*conj(Adft[:LAdfto2])
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http://www.mathworks.com/
http://www.gnu.org/software/octave/

Qucs modelling tools: Subcircuits with parameters

Subcircuit body

T

Subcircuit symbol

PVCC1 SuUB1
i Is=Is Is=1e-16
Emitter follower R1 Vat=Vat Bt=100
b . . t R=47k Bf=Bf vee Br=1
Br=Br o) c=1.0
subcircui Oo—— G=Cout pout1  Re=Rc 7 Re=0.0
Pin1 ¢ F——o Re=Re — = | Rb=5.0
c=Cin R2 Rb=Rb Cje=2p
R=1k 01:e=0!e VEE Cjc=1p
Vje=Vje Vje=0.75
PVEE1 Cjc=Cjc Tf=0.1n
T=Tf Vaf=100.0
. Cin=10u
Voltage gain .
Cout=100
geg ==wos  |nput resistance
SUB1
. . SUB1 . - . .
‘dc simulation H ls=1e16 | AC simulation H dc simulation V1 Is=1e-16 | ac simulation
Bf=100 ~U=12V Bf=100
DC1 vee l Bret Ac1 pc1 vce Bre1 act
Vinput — = Type=log Vinput = = Tvoe=l
=) |ac " Viead Re=1.0 ot he J |ac N Vioad Re=1.0 ype=log
V3 P CE Re=0.0 Stop=10 GHz V3 (L CE Re=0.0 Start=1kHz
u=1y (v linput lload Rb=5.0 Points=141 u=1y () linput lload R1 Rb=5.0 Stop=10 GHz
VEE-- R-Rload Cje=2p £ VEE = R=Rload cje=2p Points=141
; - = Cjcf1 p Equation — _i_ Cjc=1p
g Teodin = tes ’ Vie=0.75  |Equation
3 =211 Ricad=100k - Tf=0.1n
e Vaf=100.0 ain=dB(Vload.v/Vinput.v) g led Vaf=100.0 o
'g -0.1 acfrequency: 1.41e+05 Cin=10u gain= : put. ‘E: ? - - Rload=100k
o gain: -0.032 Cout=10u O 1e3 acfrequency: 1e+03 g'on':_:: Rin=Vinput.v/linput.i
£ .0z £ 100 Rin: 3.16e+04-j20.2 ur=ttu
s -0.
> 10
1e3 1e4 1e5 1e6 1e7 1e8 1e9 1e10 1e3 1ed4 1e5 1e6 1e7 1e8 1e9 1e10

Frequency (Hz) Frequency (Hz)
Output resistance itets [ac simutation | Parameter PLVload: 0.093.1.630.08
vCcC - Bret :;::e=const "R !
Vinput E\ AC ,—‘ ::;;g Values=[1M] :iv::=Ac1 E
CE == Rb=5.0 Type=lin T
U 1v ? finput \/l Vioad Cie=2p Param=Rload g 0.5 Versus.0001: 3
| Equation = - R_moa gL 5::;;‘:,5 dc simulation ::::;:k PLVioad: 0.468+j0.00109
Eqn1 TN Points=1000 1 10 100 1e3
PLVload=PlotVs(Vload.v,Rload) ‘é:‘f::g:” Rload (Ohm)
Cout=10u 6




Qucs modelling tools: Macromodels with parameters

Single pole OP AMP macromodel Macromodel body Macromodel symbol
specification: R SRC1 R2 2
Voff = Input offset voltage R=rd ©-1S R=Rp c=Cp
Rd = differential input resistance PIn_n1 P_out1
Cd = differential input capacitance V1 ’
AOLDC = DC open loop differential voltage gain U=Voff R3
GBP = Gain bandwidth product Pin_p T R=Ro
Vlimit = output voltage saturation limit c1 - g:‘ ‘s’::\:o 0.3
= i c=Cd = =0.7e-
Ro = Output resistance Equation Umax=VLimit RA=206
Eqn1 Cd=1e-12
Rp=10~(AOLDC/20) GBP=1e6
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Qucs modelling tools: Equation-defined device (EDD) modelling

Relationships between Qucs schematic symbols and Verilog-A
code fragments

Fundamental EDD blocks

Qucs symbol Quantity equations Verilog-A code Quantity equations Verlog-A code
j Iname fragment fragment
Nyi _T . -
X [ Nyl (a) Model initialisation block Equation @(initial. model)
T iname =11 =1(V2, V3, ...... V8) Iname = f(V2, V3, ...... V8): Eqnt begin
sl 12,13,...18=0and Q1,Q2,...Q8=0. conl= ... cont = ...
Al Where Vm =V(nym, nym) or Vm=V(nym), o f(V2, V3, ..... V8): con2= ... con2 = .....;
L and2=m < 8. con3= ...... con3 =...... ;
S B end
= (b) Standard resistors ny =L Fony (nx. ny) <+ V(ny, ny)/R;
__:_7_ A_R I(ny, ny) <+ white_noise((FourKT/R, "thermal");
— Where FourKT = 4.0 - "P_K - $temperature, and
Nxg =% nyg ‘P_K = 1.3806505e-23 K'!, $temperature is the
resistor temperature in Kelvin.
n 3 Ho n
X : v (c) Noise free resistors Ny cH-—Ho Ny .
o Lo, I(ny. ny) <+ V(ny, ny)/R;
f:& Q1 =f(V1, V2, ...... V8, 11, 12, ...... 18) I(Nyq, ny1) <+ ddt(Q1); 11 =V1/R = V(ny, ny)/R
Q2, ... Q8=0. Or
] - - d) Voltage controlled Ny o o n
o —lao Where Vm = V(tm, ym) or VI = Vi), oy~ dat( Q1); (d) gtbl ' x¢ My
— and1=m=8. current bloc Iname = X*V(ny, ny);
A lss I@—l
— L Iname
G — 80 - G=X
_,:l__ Iname = X - V(ny, ny)
Mx8 &% nyg (e) current to voltage n | v
L S N _ .
conversion block X — name = V(ny);

Iname =11 = V1




Qucs modelling tools: Verilog-A compact device modelling

Generating Verilog-A code: From Qucs equation-defined devices via Verilog-A
code fragments to a Verilog-A standardised template

Equation-defined device Model symbol
model pin names

\\

Verilog-A
code

fragments

/IVerilog-A model template
‘include “disciplines.vams”
‘include “constants.vams”

module name (P1, P2, P3, ....... Pn);
inout P1, P2, P3, ....Pn;

electrical P1, P2, P3, ..... Pn;

/I Definition of local internal nodes
I/l Parameter values and descriptions
/I Definition of internal variables
analog begin

Il Initialisation code

I/l Quantity equations

/I Current contributions

/I Noise contributions

end

endmodule

1. Compile Verilog-A template code with ADMS
2. Add new model to Qucs by patching C++ code

generate new version of Qucs

3. Add new model symbol to Qucs C++ code
4. Compile and link Qucs static C++ code to



Qucs: Analogue circuit simulation and device modelling features

Hand coded device
model C++ code

Qucs tools:
User Qucs library Line calculator
Schematic capture Qucs GUI defined components Attenuator design
symbols Schematic capture subcircuit Matching circuits
symbols Filter design
%-I&+
code .
Generate Qucs netlist code Sl Qucs
from GUI schematic, including Ol components
conversion of SPICE netlist to
Qucs format

Analogue simulator
) QUCSATOR
C++ component code
compiled and linked
to QUCSATOR core

C++ code via API

Qucs GUI ASCO circuit

* ADMS - Automatic device model synthesizer,

QucsStudio changes

e QUCSATOR replaced by new analogue circuit simulator http://sourceforge.net/projects/mot-adms
e Octave simulation output data processing added ** PS2SP - SPICE PSpice to SPICE preprocessor,
e KiCAD PCB layout software added http://members.aon.at/fschmid7/
e Communications system simulation added ek N I
e New C++ component added which allows h AtﬁCO -A SPICE circuit optimizer,
“turn-key” Verilog-A compact model development ttp://asco.sourceforge.net

Qucs and QucsStudio also allow digital simulation with VHDL and Verilog 10



QucsStudio: Compact semiconductor device and circuit
macromodel construction using ADMS and MinGW
dynamically linked models

Generate Verilog-A code
with the QucsStudio
colour highlighted text editor

v

Semiconductor Equation-defined Vnodal
device or Circuit m——pp LU T EE code
. or circuit P fragments - P File XXX.va
physt!cal macromodel [':emrtalate]
equations - structure Att
ach
C++ Compiled
. model
Pout1 Pin1 File XXX.va.cpp V
. . C++ . . <FiIe XXX.dII
o— —@
Poutn Pinn
Subcircuit Subcircuit body
symbol API functions for C++

component creation

Other QucsStudio components may be included in a
subcircuit with one or more compiled C++ models

| “Turn-Key” Verilog-A compact model development system WHERE the Verilog-A
5-%-0 code is automatically recompiled ONLY if it has been changed prior to the start of a simulation 11




QucsStudio: RF Curtice MESFET compact model
Part 1: Verilog-A code

Il Verilog-A Curtice MESFET: hyperbolic tangent model

/I with fixed capacitance and noise ; Curtice.va.

/I This is free software; you can redistribute it and/or modify

/I it under the terms of the GNU General Public License as published by
/I the Free Software Foundation; either version 2, or (at your option)

/I any later version.

/I Copyright (C), Mike Brinson, mbrin72043@yahoo.co.uk
I QucsStudio version September 2011.
Il

‘include "disciplines.vams"

“include "constants.vams"

I

module Curtice(Drain, Gate, Source);

inout Drain, Gate, Source;

electrical Drain, Gate, Source;

I

“define attr(txt) (*txt*)

“define CTOK 273.15

“define K1 7.02e-4

“define K2 1108.0

“define K3 400e-6

“define GMIN 1e-12

1

parameter real Area = 1 from (1 : inf) “attr(info="area factor" );

parameter real Vto = -1.8 from (-inf : inf) “attr(info="pinch-off voltage" unit = "V");

parameter real Beta = 3e-3 from [1e-9 : inf) “attr(info="transconductance parameter" unit = "A/(V*V)");
parameter real Alpha = 2.25 from [1e-9 : inf) "attr(info="saturation voltage parameter” unit="1/V" );
parameter real Lambda = 0.05 from [1e-9 :inf) "attr(info="channel length modulation parameter" unit="1/V");
parameter real Vtotc = 0 from (-inf : inf) “attr(info="Vto temperature coefficient");

parameter real Betatc = 0 from (-inf : inf) “attr(info="Beta temperature coefficient" unit = "%/Celsius");
parameter real Alphatc = 0 from (-inf : inf] “attr(info="Alpha temperature coefficient” unit = "%/Celsius");
parameter real Eg = 1.11 from [1e-6 : inf) “attr(info="energy gap" unit = "eV");

parameter real Tau = 1e-9 from [1e-20 : inf) “attr(info="transit time under gate" unit = "s");

parameter real Is = 1e-14 from [1e-20 : inf) “attr(info="diode saturation current” unit = "I");

parameter real N = 1 from [1e-9 : inf) “attr(info="diode emission coefficient");

parameter real Xti = 3.0 from [1e-9 : inf) “attr(info="diode saturation current temperature coefficient");
parameter real Af =1 from [0 : inf) “attr(info="flicker noise exponent");

parameter real Kf = 0 from [0 : inf) “attr(info="flicker noise coefficient");

parameter real Gdsnoi =1 from [0 : inf)  “attr(info="shot noise coefficient");

parameter real Bv = 1€9 from (-inf : inf) “attr(info="drain-gate junction reverse bias breakdown voltage" unit = "V" );
parameter real R1 = 1e9 from [1e-9 : inf) “attr(info="breakdown slope resistance" unit = "Ohms");

parameter real Nsc =1 from [1e-9 : inf)  “attr(info="subthreshold conductance parameter”);

parameter real Temp = 26.85 from [-273 : inf) "attr(info="circuit temperature" unit = "Celsius");

parameter real Tnom = 26.85 from [-273 : inf) "attr(info="parameter measurement temperature" unit = "Celsius");

12



QucsStudio: RF Curtice MESFET

Part 1: Verilog-A code continued

G- 3-9

compact model

Drain o, rodelled as I(bDS) <+ ddi(Qds)

real T1, T2, Vt_T2, Vto_T2, Rg_T2, Rd_T2, Rs_T2, Vf, Ah, Beta_T2, Ids;
real Tr, con1, Eg_T1, Eg_T2, Qds;
real Cgs_T2,Cgd_T2, Vbi_T2; reallgs1, Igs2, Is_T2;
real con2, con3, VIDC; real fourkt, gm, An, thermal_pwr, flicker_pwr, Alpha_T2;
/I Model branches
branch (Drain, Source) bDS; branch (Gate, Source) bGS; branch (Gate, Drain) bGD;
1l
analog begin
T1=Tnom+ CTOK; T2 = $temperature; Tr=T2/T1; Vt_T2 = $vt;
Eg_T1=Eg-K1*T1*T1/(K2+T1); Vto_T2=Vto+Vtotc*(T2-T1);
Beta_T2=Area*Beta*pow(1.01, Betatc*(T2-T1));
Is_T2=Area*Is*pow( Tr, (Xti/N))*limexp(-(P_Q*Eg_T1)*(1-Tr)/( P_K*T2));
con2 = -5.0*N*Vt_T2; con3 = 1.0/(N*Vt_T2); fourkt=Area*4.0*' P_K*T2;
Alpha_T2=Alpha*( pow( 1.01, Alphatc*(T2-T1)));
/I Drain to source current with subthreshold modification
VIDC = V(bGS)-Vto_T2; Ah =1/(2*Vt_T2*Nsc); Vf = In(1+exp(Ah*VfDC))/Ah;
Ids = Beta_T2*Vf*Vf*(1+Lambda*V(bDS))*tanh(Alpha*V(bDS));
I/l Charge equations
Qds = Tau*lds;
/I Diode DC equations
Igs1 = (V(bGS) > con2) ? Is_T2*( limexp(V(bGS)*con3) -1.0) : -Is_T2;
Igs2 = (V(bGS) < -Bv) ? (V(bGS)+Bv)/R1 : 0.0;
Il Current contributions
I(bGS) <+ Igs1+igs2+ GMIN*V(bGS); I(bDS) <+ Ids; I(bDS) <+ ddt(Qds);
I/ Model noise equations
gm = 2*lds/VfDC;
if (V(bDS) < 3/Alpha)
begin
An=1-V(bDS)/VfDC;
thermal_pwr= (8*'P_K*T2*gm/3)*((1+An+An*An)/(1+An))*Gdsnoi;
end
else
thermal_pwr=(8*"P_K*T2*gm/3)*Gdsnoi;
I(bDS) <+ white_noise(thermal_pwr, "thermal"); flicker_pwr = Kf*pow(lds,Af);
I(bDS) <+ flicker_noise(flicker_pwr,1.0, "flicker");
end
endmodule

Gate

C1

—%

I3 1 I n Drain | —— Gate
I=1(bDS) () i=I(bDS) (V) i= K(bDS) —— C++

Source

Source ©

Shot noise Flicker Noise 13



QucsStudio: RF Curtice MESFET compact model
Part 2: Model Schematic

D
HB
G CURTICE
Area=1
Vio=-1.B 1
s Beta=3a-3 C=Cgde
Alpha=2.25 '
Lambda=0.05 tde = = R3
Vtotc=0 R=Rd R=Rg G
Betatc=0 Drain Gala
Aphatc=o  O—=—"""—{__] e e "0
Eg=1.11 D cd ——
Tau=1e-8 T - S:urna Cit] e C=Cgse L=Lge
ls=1e-14 O] |}
N=1 5 R2 R4 Verilog-A Curtice compact semiconductor device model for an n type MESFET
Xti=3.0 L3 R=Rs |' I' R=Rin Properties:
A1 L=Lza %1 1, Curtice qudratic model - basic plus subthreshold improvement [1]
Ki=0 File=Curtice.va 2. hﬁatekésuume;:‘uzrent model - exponential diode model plus linear reverse
G dsnai=1 Area=A rea own m 2l
Bv=1e9 vtr::w:a 4, Series terminal resistors Rd, Rg and Rs
R1=1e9 Beta=Beta 5. Thermal noise generated by Rd, Rg and Rs
Temp=26.85 Alpha=Alpha 6. ’Channe! noise
Tnom=26.85 Lambda=Lambida 7. Gate noise
Cgse=300f Viotc=Vtotc 8. Flicker noise _
Code=30f Betatc=Betatc 9. Bias independant capacitors Cgse, Cgde and Cdse.
Cdse=300f Alphatc=Alphatc 10. External inductance: Lge, Lde and Lse.
Lge=0.0 Eg=Eg R R . .
L de=0.0 Tau=Tau [1] W.R Curtice,"A MESFET model for use in the design of
Lse=0 .D — GaAs integrated circuits”, IEEE Transactions on Microwave
Msn=1. N=N Theory and Techniques, MTT-28, pp. 448-456, 1980.
Rg=5.1 Xti=Xti
Rd=1.3 AFAT
Rs=1.3 Ki=KF
Rin=1e-3 oo nor=Gdanol Verilog-A model parameters are listed
o and described in file Curtice.va.
MESFET Symbol nn
ym o Nsc=Msc
and parameters Temp=Temp

MESFET subcircuit body

L @-3-9

Tnom=Tnom
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Ids (A)

QucsStudio: RF Curtice MESFET compact model
Part 3: Test simulations

pci |dc simulationl] Iz]
V1
+
$ lds ——= y=vds
Parameter Parameter HB _
sweep sweep 1
R4 -
SW1 SW2 R=1M P
Sim=SW2 Sim=DC1 1
Param=Vgs Param=Vds V3 -
Type=lin Type=lin 0
Start=-2 Start=0 -~ U=Vgs
Stop=0 Stop=5
Points=11 Points=51 -
0.01
0.005
0
0 2 3 4 5

Vds (V)

CURTICEA1
Area=1
Vto=-1.8
Beta=3e-3
Alpha=2.25

Lambda=0.05

Vtotc=0
Betatc=0
Alphatc=0
Eg=1.11
Tau=1e-9
Is=1e-14
N=1
Xti=3.0
Af=1

Kf=0
Gdsnoi=1
Bv=1e9
R1=1e9
Temp=26.85

Thnom=26.85

Cgse=300f
Cgde=30f
Cdse=300f
Lge=0.0
Lde=0.0
Lse=0.0
Nsc=1
Rg=5.1
Rd=1.3
Rs=1.3
Rin=1e-3

15



AC

L @-3-9

Gain (dB) [Blue curve]

QucsStudio: RF Curtice MESFET compact model
Part 3: Test simulations

R5
R=4.Tk

ac simulatir:mu c1
. C=1u
ACT Vin
Type=log Y V4 " R4
Start=10 U=02 R=1M
Stop=1G / |
Points=161
— N V3
= U=-1.0
|Equation N
Eqn1 -
Vgain=dB(Vout/Vin)
Vphsae=wphase(Vout/Vin)
-100
20
-120
-140
15
-160
\/_ '13“
10
-200
10 100 1e3 1e4 1e5 1e6 1e7 1e8 1e9

Frequency (Hz)

[enno pay] (6aq) eseud

CURTICE1
Area=1
Vto=-1.8
Beta=3e-3
Alpha=2.25
Lambda=0.05
Vtotc=0
Betatc=0
Alphatc=0
Eg=1.11
Tau=1e-9
Is=1e-14
N=1
Xti=3.0
Af=1

Kf=0
Gdsnoi=1
Bv=1e9
R1=1e9
Temp=26.85
Tnom=26.85
Cgse=300f
Cgde=30f
Cdse=300f
Lge=0.0
Lde=0.0
Lse=0.0
Nsc=1
Rg=5.1
Rd=1.3
Rs=1.3
Rin=1e-3

16



CURTICEA1
Area=1
Vto=-1.8
Beta=3e-3
Alpha=2.25
Lambda=0.05
Vtotc=0
Betatc=0
Alphatc=0
Eg=1.11
Tau=1e-9
Is=1e-14
N=1

Xti=3.0
Af=1

Kf=0
Gdsnoi=1
Bv=1e9
R1=1e9
Temp=26.85
Tnom=26.85
Cgse=300f
Cgde=30f
Cdse=300f
Lge=0.0
Lde=0.0
Lse=0.0
Nsc=1
Rg=5.1
Rd=1.3
Rs=1.3
Rin=1e-3

@3- %

QucsStudio: RF Curtice MESFET compact model
Part 3: Test simulations continued

R5
R=4.Tk
[t Vi
c2 - U=
C=10uF
+ V4
U=0.2 1M
- freq=100kHz
2 —
1
0
>
5
5]
=1
-2
-3
0 1e-5 2e-5 3e-5 4e-5 5e-5
time

0.2
=
g 0
s
0.2
0 1e-5 2e-5 3e-5 4e-5 5e-5
time
0.4392
E 0.439
>
04388 15 205 3e5 de-5 5e-s
time
transient
simulation
TR1
Stop=50u
Points=1001
method=Gear4
reltol=0.01
abstol=10 pVv
initialDC=yes

17



CURTICE1
Area=1
Vto=-1.8
Beta=3e-3
Alpha=2.25
Lambda=0.05
Vtotc=0
Betatc=0
Alphatc=0
Eg=1.11
Tau=1e-9
Is=1e-14
N=1

Xti=3.0
Af=1

Kf=0
Gdsnoi=1
Bv=1e9
R1=1e9
Temp=26.85
Tnom=26.85
Cgse=300f
Cgde=30f
Cdse=300f
Lge=0.0
Lde=0.0
Lse=0.0
Nsc=1
Rg=5.1
Rd=1.3
Rs=1.3
Rin=1e-3

G-3-9

Vout.Vb

—

QucsStudio: RF Curtice MESFET compact model

Part 3: Test simulations continued

R5
R=4.7k
Vout L
c2 — U=5
Vin C=10u RE
11 R=4T7k ==
| 1l =
+ V4
uU=0.2 -
~ freq=100kHz c3 0.2
- + C=10u
) S
= 0.1
§
0
0
r's
0.5
A
2
=
w
>
0
1e5 2e5 3e5 4e5 5e5 6e5 7e5 0
Frequency (Hz)

Harmonic Balance

Harmonic balanceg
simulation

HB1

reltol=0.001
abstol=1 uA
MaxIiter=300

L S, R, . R
2e5 4e5 6e5

frequency (Hz)

PITTTT

2e5 4e5 6e5
Frequency (Hz)
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QucsStudio: Octave post-simulation data processing

transient
simulation|

S'lﬂpﬂﬁﬂu
Points=8192
method=Geard
reltol=0.01
abstol=10 yV
initialDC=yes

* Harmonic Balance

I
0
Q
>
s
>
An
0 2e5 4e5 6e5
hbfrequency
r'S
g 2
3
>
0 7S A S S 'Y
0 2e5 4e5 6e5
hbfrequency
0.5

Vs.Vb

° T I T

2e5 4e5 6e5
hbfrequency

‘l.l"lrl‘l.l"‘r.

5
1 JUAVAVAVAVA
g s
0
tlme tlme

1] 2e-5 4e-5
time

% Amp CurticeTRANOctave.m
% Contrel file called on completion of transient simulation. Post_s i m u Iation
% Calls Octave functions loadQucsVariable and stemfft. .
gqucsFilename = "Amp_CurticeTRANOctave.dat"; data p rocess I n g F FT
loadQucsDataset; <4— control file
whos
[Vout,Dep]l=lcadQucsVariable("Amp_Curtice TRAN.dat","Vout.Vt");
[Time,Depi]l=loadQucsVariable("Amp_CurticeTran.dat™,"time"); v
stemfft(Vout, 8192, 50e-6);
axis([0,106]); Octave plot of
grid Oals Vout amplitude
title("Mike first test”,"fontsize", 16, -

"“fontname”, "Aral", "fontweight”, "bold™); S peCtra ag al nSt
xlabel{"Frequency (Hz)", "fontsize™, 16, freq uency

"fontname™, "Arial”, "fontweight”, "bold™ );
ylabel("Vout amplitude spectrum (V)", "fontsize™, 16,

"fontname™, "Arial”, "fontweight”, "bold™);

3

25 =

Vout amplitude spectrum (V)

0 200000 400000 600000 800000 1e+006

12 ¢ & Includes “User defined functions” R 19




Qucs/QucsStudio: Physical System simulation.
Part 1: Continuous systems

POTA /i,\ transient
K=0.374 INT1 p simulation
POTS = c —
Gx=1.0 K=-0.174 TR
Gy=1.0 Type=lin
Gz=1.0 -
INT3 Start=0
Vint=-1 POT3 Gy=1.0 Gx=1.0 Stop=50
K=0.174 Gz=1.0 . X
Vint=0 Gy=1.0 Points=2001
Gz=1.0 IntegrationMethod=Trapezoidal
Vint=0 InitialStep=1 ns
MinStep=1e-16
1 Maxiter=150
1 0.5 reltol=0.001
abstol=1 pA
08 0.4 0.8+ vntol=1 uv
) Solver=CroutLU
0.6
0.6 0.3
o0 1}
< 0.2 0.4
0.4 .
0.2 0.1 0.2
1] 0 0
! + + il | | ! !
0 10 20 30 a0 50 0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
Time (s) Time (s) Time (s)

RadioActiveDecay simulation:
-dA/dt = 0.347 -A Initial conditions att=0s, A =1, B =0, C =0.

-dB/dt = -0.347-A + 0.174-B
-dC/dt = -0.174 -B

Linear and non-linear continuous system simulation 20




SWCAPPC1

f%q OIQ/ O—=

‘—,—mE

Vin

PH2
u=1v
= Equati
f=fs SH3 quation
LEVEL=1 Eqn1
C=1e-9 fs=1k
fc=20k
PH1
g 1
S PH2
O 2=
CLK1
LEVEL=1

@-31-F

+ D1 D2
1 )
"/ | PH1 PH2

bbb

SH

Frequency=fc

Qucs/QucsStudio: Physical System simulation.
Part 2: sampled data systems

SWCAPSC1 SWCAPSPC1
m m o ;ﬁf O
ilf = Ci Ce
LL r‘l; nj —|— Mz
N
== X
— X ==
> AN
HPF1 LPF1
VoutSH transient
SH L/ 7l [simulation
o o2 | TR1
] VoutF  Type=lin
Invint1 PH1 PH2 LPF1 Start=0
fs=fs DC_gain=0.0 Stop=3 ms
inint=5 SH4 FC=4e3 IntegrationMethod=Gear
Qal_n nt= LEVEL=1 N_stages=1 Order=4
C1=1e-9 C=1e-9 _
fe=fc

1

o—| - 1 —o
% il

dc simulation

DC1

A switched capacitor inverting integrator example

SWCAPBLA1

nya
swcapZi1 © —
M/ 0|

| s

} )

U]

swcapBLInt1

0 S5e-4 1e-3 0.0015

Time (s)

0.002

VoutSH (V)
o A N o

S5e-4 1e-3 0.0015

Time (s)

0.002

VoutF (V)
& A N o

S5e-4 1e-3 0.0015

Time (s)

0.002

21



QucsStudio: System simulation. Part 3
communications systems

channel with noise delay line interferometer detector constructive
X4 { +'\ [ ] output
samples=numBits*num_per_bit [l X9 X11
ITan¢=e=1ﬂl_fat=tar“‘2 @l x10 Func=norm
X8 1 X14
L :D" 0 - LJ x13
phi=Phase Cutoff=Bandwidth/BaudRate/num_per_bit
X5 X6 X7 X12 G=1 order=s
L=4 samples=BaudRate/FSR*num_per_bit Func=nom Umax=1ed

ol (Bauation — QucsStudio example,
Eqn2

system simulation"

BaudRate=200 Michael Margraf
X20 YS1 J
@ phi=90 Bandwidth=40GHz step=1/BaudRate/num_per_bit 201 0
FSR=20GHz -
B x21 <] Q_facter=10 NRZ-QPSK transmission as used in
Func=to_bipolar Func=to_bipolar Phase=45

optical telecommunication systems.
numBits=64
X2 X18
samples=num_per bit samples=num per bit | "M-PP=32  ppe schematic shows one receiver arm only.
A second one with a phase shift of 135° is needed

X1 X17 |
to receive the Q channel.

E samples=numBits E samples=numBits
type=PRBS_12bit type=PRBS_10bit

transmitter

8.5e-11 1.35e-10 1.85¢10  EBe11 1.35e-10 1.85e-10
time 2048
2
2 ‘
v 9 |
: g il ‘ 3 3 l
4 | | \
T E | | | ‘n i. [1]
g 21 - ‘ ‘ ' 5
= 0 | | e
£8 U ‘
] : | 2.
é T s e ryr Y A e 8.5e-11 1.35e-10 1.85e-10 0 S5e10 1e9 1.5¢9 2e9 2509 3e9
) time2048 time2048
time 2048
time 2048

@-3-F 22




QucsStudio: System manufacturing
printed circuit boards

J:V'l R4 dummy component to provide PCB footprint of BNC connector
I u=12Vv R=47k
Con
1 P_Signal1 R1
- Output CON1 R=1 M P.Signal ;)O
Package=BNC-CIl

1

P.GND
O P_GND1
BC847B

. Y
| S N
R1 J l R3 J- =
Package=T092
R=4.7k R=4.7k R=4.7k
I C=47nF I C=47nF I C=47nF \ BCB478
L L L - The PCB footprint is determined

by the property "Package”.

simple 1.8 kHz oscillator transient
simulation
Press F10 (Tools->Create PCB netlist)

in order to modify PCB layout. TR1
Type=lin

The Gerber files can be viewed with :ta“jo

Tools->Gerber Viewer top=10 ms
Points=1001
initialDC=no

QucsStudio example, _ _
Simulation

Michael Margraf,
2010

time: 0.00348 time: 0.00403 PCB layout by KiCAD
- 2 Output.Vt: 1.3 Output.Vt: 1.3
S
H
£ 1
o
0

0 1e-3 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 o0.01

time 23

)
L
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Qucs/QucsStudio: Additional features

Qucs QucsStudio Feature Notes

X X Digital simulation: VHDL Qucs — FreeHDL

QucsStudio — GHDL
: Verilog Both using ICARUS

SPICE netlist defined components

Small signal AC and S-parameter noise

Harmonic Balance and noise and noise parameter

calculations

Tabular two and multiport S-parameter components

Tabular voltage and current sources

Component libraries Qucs — User library only
QucsStudio — User and binary libraries

X X

RF components: transmission line, microstrip line

and coplanar line

Import and export data of different formats

GPIB device control

Create and extract project packages

Circuit performance optimization using ASCO

Templates: Octave function Octave_function.m,

S-parameters.sch, skeleton.cpp, skeleton.va,

skeleton.vhdl and symbols.sch

X X Design tools:Text editor, Filter synthesis,

Line calculations, Matching circuits Both Qucs and QucsStudio
Gerber Viewer QucsStudio only

XX X X XXX
XXXXX X XXX XXX

Qucs and QucsStudio are freely available under the open source General Public Licence
Download from: Qucs version 0.0.16 — http://qucs.sourceforge.net
QucsStudio from http://mydarc.de/DD6UM/QucsStudio/qucsstudio.html

[Currently QucsStudio supports Windows® only: QucsStudio-1.3.1.zip or
QucsStudio-1.3.0_light.zip {without Octave and model compiler}] o4



http://qucs.sourceforge.net/
http://mydarc.de/DD6UM/QucsStudio/qucsstudio.html

QucsStudio: Latest additions: Large signal AC simulation
RF Diode Switch Model

PState1

AC

O—-—
L1
L=1 mH§
PRFin1 PRFout1
| Anod Cathod
_O/VS L = : no e@ athode
Contral ¢l % HBDiode1
1 RFswitch1 C=0.1nF [T N=N
N=1.0 I;U:I Is=ls
Is=1e-15 &‘% Rs=Rs
Tnom=26.85 Tnom=Tnom
Temp=26.85 R1 Temp=Temp
Rs=0.1 R=50 Ohm Vi=Vij
Vj=1.0 1 M=M
M=0.5 - Fc=Fc
Fc=1.0 Cjo=Cjo
Cjo=50ff Tt=Tt
Tt=0.0n
3_
=
£
=
2__
: : :
1e6 1e7 1e8 1e9 1e1
acfrequency
=17
o
g
=
0__
: : :
1e6 1e7 1e8 1e9 1e1
— acfrequency
=
£
2 af
£ Qo
2 >
> s
=
2051 =
s >
=
o 3
@ o
..'5 -
s Of : : :
© 1e6 1e7 1e8 1e9 el
a acfrequency

Test circuit

Jlout
HBDiode2 Ve
N=N ON: State=1 \Z] | O _m_ R2
Is=ls UsVState T Potate Control R=60 Ohm
Rs=Rs _9_> I < U=3V  R=50 Ohm RFSwitch2
Tnom=Tnom OFF: State=0 = freq=Freq N=1.0 =
o RFControl1 [Equation = Is=1e-15
?m? =me State=0 Eqn1 ON: State=1 _
Vi=vj Thom=26.85
iy VState=-2+4"State Temp=26.85
Fe=Fc OFF: State=0 Rs=0.1
Cjo=Cjo RFControl2 Vj=1.0
Tt=Tt State=1 M=0.5
Fc=1.0
Cj0=50ff
Tt=0.0n
5 31 21
b
) 5
z £ ‘g
— > > 0;_
A
2
[
=
- ’ ’ ’ 21 ; : : : ; : : : ;
1e6 1e7 1e8  1e9 el 0 1e-8 208 Je-8  4e8 5e-8 6e-8 7e-8 8e-8 9e-8 1e-
Freq time
time
=) 2
E —
g1t g
= £
5 2 i
o =3
= 2
o &
sof £
; =
: : : 0
166 1e7 18 108 1ed LIS NE Y LT LY TN S LS L N LS L L L L L LY L
Freq 0 1e8 2e8 3e8 de8 Sel
frequency
11+ _ 15+
>
3
o 11
0.5+ Z
4
05+
[+
0+ E
166 1e7 168 169 1el orttettatss[reroasassfassssttsafostoasassfassssstsd
Freq 0 1e8 2e8 3e8 4e8 5el

HE

frequency

TRAN
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Qucs/QucsStudio: Future changes

The following changes to the QucsStudio software are being actively planned:

* A full range of non-linear semiconductor device models, including
EKV, BSIM, HICUM etc.

* Model improvements for different electrical and physical domains and systems.
« Circuit oscillation simulation by Harmonic Balance analysis.
 Periodic steady state analysis.
* Mixed-mode simulation.
* EM field simulation.
» Upgrade of the QucsStudio GUI to Qt4.
» A range of Octave functions for simulation data analysis and visualisation.
 Many smaller improvements and extensions.
Individuals or groups interested in contributing to the development of

QucsStudio should contact Michael Margraf (michael.margraf@alumini.tu-berlin.de)
or Mike Brinson (mbrin72043@yaho0.co.uk)

26
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Summary

1. Qucs and QucsStudio are freely available circuit simulators distributed as open
source software under the GNU General Public Licence (GPL).

2. This presentation has attempted to outline the history and the fundamental features
of the packages, the available components, libraries, built in design aids, analysis
types and post-simulation data analysis and visualisation capabilities.

3. The presentation also introduced a number of basic approaches to circuit simulation
with Qucs and QucsStudio.

4. A series of slides also showed how the compact semiconductor modelling and circuit
macromodeling features implemented in the current QucsStudio release can be
used to develop equation-defined component models of established and emerging
technology devices.

5. A “turn-key” approach to compact device modelling using the Verilog-A hardware
description language was introduced and the proposed modelling system
demonstrated via the development of a MESFET RF device simulation model.

6. The final section of the presentation briefly introduced the use of QucsStudio for system
simulation and PCB development.

27
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