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KAPITOLA 1

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 Qucs 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 ©.

Qucs is a large software package which takes time to learn. Incidentally, this statement is also true for other GPL
circuit simulators. New users must realise that to get the best from the software some effort is required on their part.
In particular, one of the best ways to become familiar with Qucs is to learn a few basic user rules and how to apply
them. Once these have been mastered users can move on with confidence to next level of understanding. Eventually, a
stage will be reached which allows Qucs to be used productively to model devices and to investigate the performance
of circuits. Qucs is equally easy to use by absolute beginners, like school children learning the physics of electrical
circuits consisting of a battery and one or more resistors, as it is by cutting edge engineers working on the modelling
of sub-nano sized RF MOS transistors with hundreds of physical parameters.
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The primary purpose of these notes is to provide Qucs users with a source of reference for the operation and capabilities
of the software. The information provided also indicates any known limitations and, if available, provides details of any
work-arounds. Qucs is a high level scientific/engineering tool who’s operation and performance does require users to
understand the basic mathematical, scientific and engineering principles underlying the operation of electronic devices
and the design and analysis of electronic circuits. Hence, the individual sections of the Qucs-Help document include
material of a technical nature mixed in with details of the software operation. Most sections introduce a number of
worked design and simulation examples. These have been graded to help readers with different levels of understand
get the best from the Qucs circuit simulator. Qucs-Help is a dynamic document which will change with every new
release of the Qucs software. At this time, Qucs release 0.0.19, the document is far from complete but given time it
will improve.
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KAPITOLA 2

Getting Started with Qucs Analogue Circuit Simulation

Qucs is a scientific/engineering software package for analogue and digital circuit simulation, including linear and
non-linear DC analysis, small signal S parameter circuit analysis, time domain transient analysis and VHDL/Verilog
digital circuit simulation. This section of the Qucs-Help document introduces readers to the basic steps involved in
Qucs analogue circuit simulation. When Qucs is launched for the first time, it creates a directory called . qucs within
the user’s home directory. All files involved in Qucs simulations are saved in the . qucs directory or in one of it’s
sub-directories. After Qucs has been launched, the software displays a Graphical User Interface window (GUI) similar,
or the same, to the one shown in Figure 1.

S
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Obrazek 1 - Qucs - hlavni okno

Qucs 0.0.19

Before using Qucs it is advisable to set the program application settings. This is done from the File — Application
Settings menu. Clicking on Application Settings causes the EditQucsProperties window to be displayed, see Figure
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2. Complete, with appropriate entries for your Qucs installation, the Settings, Source Code Editor, File Types and
Locations menus.

e« Edit Qucs Properties - + x
Settings | Source Code Editor File Types Locations

Font (set after reload): Arial,12,-1,5,50,0,0,0,0,0

Large font size: 16.0

Document Background Color:

Language (set after reload): system language &
Maximum undo operations: 20
Text editor: ne/mike/Qucs2Jan2015/bin/qucsedit

Start wiring when clicking open node: (]
Load documents from future versions: (]
Draw diagrams with anti-aliasing feature: [ |
Draw text with anti-aliasing feature: )

[ OK | Apply _ Cancel | Default Values

Figure 2 - QucsEditProperties window

On launching Qucs a working area labelled (6) appears at the centre of the GUI. This window is used for displaying
schematics, numerical and algebraic model and circuit design data, numerical output data, and signal waveforms and
numerial data visualised as graphs, see Figure 3. Clicking, with the left hand mouse button on any of the entries in the
tabular bar labelled (5) allows users to quickly switch between the currently open documents. On the left hand side
of the Qucs main window is a third area labelled (1) whose content depends on the status of Projects (2), Content
(3), Components (4) or Libraries. After running Qucs, the Projects tab is activated. However note, when Qucs is
launched for the first time the Projects list is empty.

6 Kapitola 2. Getting Started with Qucs Analogue Circuit Simulation
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L Qucs 0.0.19 - Project: QucsHelpFlig
File Edit Positioning Insert Project Tools Simulation View Help
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Figure 3 - Qucs main window with working areas labelled

To enter a new project left click on the New button located on the right above window (1). This action causes a Qucs
GUI dialogue to open. Enter the name of a Qucs project in the box provided, for example enter QucsHelpFig and click
on the OK button. Qucs then creates a project directory in the ~/ . qucs directory. In the example shown in Figure
3 this is called QucsHelpFig_prj. Every file belonging to this new project is saved within the QucsHelpFig_prj
directory. On creation a new project is immediately opened and it’s name displayed on the Qucs window title bar. The
left tabular bar is then switched to Content, and the content of the currently opened project displayed. To save an
open document click on the save button (or use the main menu: File — Save). This step initiates a sequence which
saves the document displayed in area (6). To complete the save sequence the program will request the name of your
new document. Enter firstSchematic, or some other suitable name, and click on the OK button to complete the save
sequence.

As a first example to help you get started with Qucs enter and run the simple DC circuit shown in Figure 3. The circuit
illustrated is a two resistor voltage divider network connected to a fixed value DC voltage source. Start by clicking on
the Components tab. This action causes a combo box to be displayed from which a component group may be choosen
and the required components selected. Choose components group lumped components and click on the first symbol:
Resistor. Next move the mouse cursor into area (6). Pressing the right mouse button rotates the Resistor symbol.
Similarly, pressing the left mouse button places the component onto the schematic at the place the mouse cursor is
pointing at. Repeat this process for all components shown in Figure 3. The independent DC voltage source is located
in the sources group. The ground symbol can be found in the lumped components group or selected from the Qucs
toolbar. The icon requesting DC simulation is listed in the simulations group. To edit the parameters of the second
resistor, double-click on it. A dialogue opens which allows the resistor value to be changed; enter /00 Ohm in the edit
field on the right hand side and click enter.
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To connect the circuit components shown in Figure 3, click on the wire toolbar button (or use the main menu: Insert
— Wire). Move the cursor onto an open component port (indicated by a small red circle at the end of a blue wire).
Clicking on it starts the wire drawing sequence. Now move the drawing cursor to the end point of a wire (normally this
is a second red circle attached to a placed component) and click again. Two components are now connected. Repeat the
drawing sequence as many times as required to wire up the example circuit. If you want to change the corner direction
of a wire, click on the right mouse button before moving to an end point. You can also end a wire without clicking on
an open port or on a wire; just double-click the left mouse button.

As a final step before DC simulation label the node, or nodes, who’s DC voltage is required, for example the wire
connecting resistors R1 and R2. Click on the label toolbar button (or use the menu: Insert — Wire Label). Now
click on the chosen wire. A dialogue opens allowing a node name to be entered. Type divide and click the OK button.
If you have drawn the test schematic correctly the entered schematic should look the same, or be similar to, the one
shown in Figure 3.

To start DC simulation click on the Simulate toolbar button (or use menu: Simulation — Simulate). A simulation
window opens and a sliding bar reports simulation progress. Normally, all this happens so fast that you only see a short
flickering on the PC display (this depends on the speed of your PC). After finishing a simulation successfully Qucs
opens a data display window. This replaces the schematic entry window labelled (6) in Figure 3. Next the Components
— diagrams toolbar is opened. This allows the simulation results to be listed. Click on the Tabular item and move
it to the display working area, placing it by clicking the left hand mouse button. A dialogue opens allowing selection
of the named signals you wish to list, see Figure 4. On the left hand side of the Tabular dialogue (called Edit Diagram
Properties) is listed the node name: divide.V. Double-click on it and it will be transferred to the right hand side of the
dialogue. Leave the dialogue by clicking the OK button. The DC simulation voltage data for node divide should now
be listed in a box on the data display window, with a value of 0.666667 volts.

8 Kapitola 2. Getting Started with Qucs Analogue Circuit Simulation
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- Edit Diagram Properties - + x
Data
Graph Input
Number Notation: | magnitude/angle (degree) - | Precision: @
Dataset Graph
firstSchematic &)
Name ¥  Type Size
divide.V indep 1
Vil indep 1
| New Graph |
[ Delete Graph |
OK ] [ Apply | Cancel |

Figure 4 - Qucs data display window showing a Tabular dialogue
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KAPITOLA 3

Zaciname s optimalizaci

Pro optimalizaci obvodu pouZziva Qucs utilitku ASCO (http://asco.sourceforge.net/). Zde predlozim popis jak pripravit
vaSe schéma, jak to celé spustit a jak porozumét vysledkim. Pfedtim nez budete chtit vyuzivat tuto funkci, musite
ASCO nainstalovat na vas pocitac.

Obvod s minimalizaci nenfi nic vic, neZ program, ktery minimalizuje pocet funkci. MiZe to byt kazdé casové zpozdéni,
nebo doba ndbéZzné hrany v digitdlnich obvodech, nebo jakykoli zdroj v analogovych obvodech. Dal§i moZnosti je
definovat optimalizacni problém jako sklddani funkci, nebo jako v tomto pripadé, definovat ,.figure-of-metir*.

Pro nastaveni optimalizace musime dvé véci do schématu pridat: rovnici/rovnice (Vlozit -> Vlozit rovnici) a velky
Ctverec s ndpisem ,,Optimalizace* (Ve skupiné ,,Simulace®). Sestavte schéma podle obrdzku 1 a hrajte si s Qucs, dikud
vaSe schéma nebude vypadat jako na obrdzku 2 ;-) . Dejte si pozor na znaménko minus u S11_In_Band!

11
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Ques 0.0.15 - Projekt: Optimalizace

Soubor Uprawit LimistEni WioZit Projekt Mastroje Simulace Nahled MNapovéda
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Fadna varovani o - 0 A

Obrazek 1 - Pocate¢ni schéma

Qucs 0.0.15 - Projekt: Optimalizace

Soubor Uprawit Lmisténi WioZit Brojekt Mastoje Simulace Nahled MNapovéda
Il W=0F A [AAAURESR ST/ REL-BLY Y
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hll | -]
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2 e &3]
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Num 1
5| e v ) 750 ofm’
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g o FE ._6«'.].415p S -_._645115|:|‘-
| g 2 - |s pqramelr
dlgl[é"‘lT QP UITEINZ e - simu'aﬂe lHD'\-"II -
simulace
S gpr Eqni .
e Left_Side_Lobe= mas(dB(S[2,1]), G00e6:90026)
Sype‘.a”a% M Pass_Band_Ripple=max(dB(S[2,1]), 950e6:1040e6) —
’S'EEE:EDO i Right_Side_Lobe=max(dB(S[2,1]], 1100e6:1200e6)
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Obrazek 2 - Pripravené schéma

Nyni vyberte ze skupin komponent komponentu ,,Optimalizace®. Z existujicich parametrt je tfeba vénovat specidlni
pozornost ,,Maximdlni poéet opakovani“ , ,, Konstanta F* a ,,Pfechod pftes faktor*. Nékdy mtize optimalizace trvat jen

chvilinku, ale nékdy i celkem dlouho.

,o-Upravit vlastmosti optimizace

Zékladni | Algoritmus | Proménné | Clle |
Metoda: | DE/rand-to-best/ 1/exp =]
Maximaini pocet iterach: |50

Obnovovacl cyklus vistupu: |2

Podet rodlil; |20

Konstantni F: |0.85

Crossing over factor: |1

Pseudo random number seed:|3

Minimum cost variance: |1e-6

Cost objectives: |10

Cost constraints: [100

________________ Ok | Pourit | znsi

Obrazek 3 - Optimalizace - dialog, moZnosti algoritmu.

V tabulce Proménné, které definuji jednotlivé komponenty bude vybrano z rozsahu, jak je zobrazeno na obrazku 4.
Jména proménnych jsou ve shodé s jejich identifikdtory umisténych ve vlastnostech komponent a NE jmen konponent.

e Upravit vlastnosti optimdzace

Zéklaoni | Algoritmus | Proménné | Cile |

jméno |aktivni |potdteéni [min  [max  [Typ

L3 ano 393 Pe- 12 350e-124450e-12lineami daol
C3 ano Bd4e-12  50e-12 80e-12 lineami dol
ZE ano 320.20-15 300e-15340e-15linedmi do
L2 ano T9.1e-9 B0e-0  {00e-9 linedmi do
L1 ano 303 2e-12  850e-12450e-12lineami dot
1 ano Bdde-12  50e-12 80e-12 lineami dol
1] | H
Jméno:| W aktivri
pocatedni: mir: ESE

Typ:|linedmi double = Pidat | Smazatl

| Ok Pouzit | Zrusit

Obrazek 4 - Optimalizace - dialoh, moZnosti proménnych.

Konec¢né, se dostdvame do cile kde objekty optimalizace (maximalizace, minimalizace) a omezeni (mensi, vétsi,
rovno) jsou definovany. Poté ASCO je automaticky zkombinuje do jediné funkce a to je minimalizace.

13
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A Upravit vliastnosti optimdzace

Zékladni | Algoritmus | Proménné | Cile ]

jméno | Tvp | hodnota |

Left Side Lobe  mensi -20

Fass_Band_Ripple vatEl -1

Fight_Side_Lobe  men&i 20

=11_In_Band maximalizovat 0

Jména: |

Hodnota: | | minimalizovat =]

Ffidar | Smazat |

OK Pouzit |  znst |

Obrézek 5 - Optimalizace - dialog, cillové moZnosti.

Dalsim krokem je zména schématu a definice které soucésti obvodu budou optimalizovany. Vysledné schéma se zob-
razeno na obrazku 6.

;-Uucs 0,.0.15 - Projekt: Optimalizace

Soubor Upravit Umisténi Wlo¥t Brojekt Mastroje Simulace Nahled Mapovéda
| Tag=R3eA]d 0 3[ARAUVEHDR S F / RE Lo &% W
: M| loplimalizace scfi | ¢ optimalizace.dpl |
bj:llagram}f M =
& jrcy L2
s @ 2
S R Folami Tabulka = o
P 2
= @ @ C=C2
o | Smithlv-diagr  Srithiy : . o
& am dizgram R P1 r L1 r . 2 P2
{acimitance) Num= 1 _ -1 . ESL MUm=2
& Z_HCI ’Dhm 3 2 7=50 Ohm
% _ @ @ i = et R & =
& | Kombinovarny Smithiv-polar i : . C=C1. .C“?P =
E | polami-Smith ni I— C=C3
= i kombincvany S parametr o
L J‘_) simulace | Rovriics
. . I . R Eqni
SDandzgoy Amplinicos S Left_Side_L obe=max{ dB(S2,1]), 500e6:9006)
fazovd kivka S‘*{’pﬁ:g—ﬁ% o Pass_Band_Ripple=max[dB(S[2,1]), 950e6:104026)
ﬂar‘_ﬁég ﬁ Right_Side Lobe=maxidB(S[2,1]], 1100e6:1200e6)
==1 |5l Sk S11_In_Band=-max(dB(S[1,1]), 9606:104088)
Casmr::r I_Ugmké Foinks=200
diagram tabulka T E——— S ’
Optlmaﬂzace ”
S ptl .. . 2=
- |1 | LlJ
Zadna varcwani & 0

Obrazek 6 - Nové hlavni okno QUCS

Poslednim krokem optimalizace je spusténi simulace stisknutim klavesy F2. Simulace muze trvat nékolik sekund na
modernim pocitaci. Nejlepsi bude, kdyz si vysledky nechéte zobrazit do grafu. Vyberte si diagram kartézsky. Pridejte
do né&j S[2,1] a S[1,1]. UZ jen nastavit barvy a tlous$t'ku grafu (¢im vétsi Cislo, tim tlustéjsi).
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;-Uucs 0,0.15 - Projekt: Optimalizace

Soubor Upravit Umisténi WloXit Projekt Mastroje Simulace Nahled Mapovéda
=330 3[d T AIMERRANNEDN IS T/ BE L o- & TE[N

------------------------------

G j < opimalizacs sch | <|oplimalizace dpli |
C |agram:,f -

Flalul 1 EF

&
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Srithly-ciagr  Smithi
am diagram

{admitance)

@ @ o 01
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SD-kartdzay Ampliudovs
farod kiivka
; ]
Casovy Logicka 0,003 | | | | | | | ey
diagram  tabuka ““Gel  o.0e6  doo  O.0es  led 10520 1.0ed 1.1569 1269
fraguency
freguency

. [l il

Zadna varovani i - 0 A

Frojekiy
|

| Komponenty  Chsah

DO

Obrazek 7 - Qucs - okno s vysledky.

Nejlepsi nalezené obvody muZete najit v optimalizaénim dialogu v zdloZce Proménné. Zde jsou hodnoty pro kazdy z
uvedenych prvki (Obrazek 8).

Lo Upravit viastnostl optimdzace

Zakladni | Algaritrus | Promiénné | Cile |

jmér akivi poéstagni | min |ma | Typ

C1 ano T7.048977FE-11 f0e-12  &0e-12 linedrni doub
L1 ang Z5032542-10 380e-12 450e-12 linedarn’ douo
L2 ano BOGBDAGHE-06 G0s-d 10022 linedrni dacmn
C2 ano 3 142795E-13 S500e-15 340e-135linedrni doub
T3 oane FOUE1E3s-11 a0e-12 &0e-12 linedrnt doun
L3 ane ES007S0C-10 J80e-12 450s-12 Inedrni doun

al B0 |
Jmsno:| 7 aktuni
podataednt mir: M

| | |

Typ: | neami doubls = Ffidat | Zmazat |

frznoOR | Poutft | zsh |

Obrazek 8 - Nejlepsi nalezené obvody.

By clicking the ,,Copy current values to equation® button, an equation component defining all the optimization vari-
ables with the values of the ,.initial* column will be copied to the clipboard and can be pasted to the schematic after
closing the optimization dialog. The resulting schematic will be as shown in the next figure.

15
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Qucs 0.0.1% - Project:

File Edit Positioning Insert Projeel Tools Simulation  View Help
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Lecus Curve  Timing Diag... SP1 Pass_Band_Hipple=min(dB(S[2,1]), 960e6:1040e6)

S " Right_Side_Lobe=max(dB(S[2,1]), 110066:12006)
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o Stop=1200MHz
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fuih T  Points=200 _ Equation
. L . DOptValues1t =
d P v . L3=3.932541E-10 .
|Optimization|| o7 ocaarE 11
- Optt .. . G2=3.040809E-13 .
L2=8.404842E-08

L1=4.307005E-10 .
G1=5.91B775E-11 .

Search Components Claar - - ° o o o . P . . o . =l

[ o wamings 0:0
Figure 9 - Schematic with optimized values.

in case you need to do further modifications to the schematic, the optimization component can now be disabled and
the optimized values from the pasted equation will be used.

You can change the number of figures shown for the optimized values in the optimization dialog by right-clicking on
the ,,initial“ table header and selecting the ,,Set precision menu, as shown in the following figure.
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Edit Optimization Properties

C1 yes | 5.82e-11

General Algorithm Variables
Name| active | initigt—L—min_|_may |
! - Set precision
L3 yes S.QSJm
C3 yes | 6.52e-11 50e-12 80e-12
c2 yes  3.04e-13 300e-15 340e-15 linear double

L2 |yes |B.4e-08 60e-9 100e-9 linear double
L1 yes | 4.31e-10 350e-12 450e-12 linear double

Goals I

Type |

12 linear double

lingar double

50e-12 80e-12 linear double

Nama:|L3 active
initial: min: max:
13.93¢-10 [350e-12  [450e-12
Type: linear double v| Add | Delete |
Copy current values to equation |
ok | apply | cancel

Figure 10 - Changing the displayed variables precision.
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KAPITOLA 4

Getting Started with Octave Scripts

Qucs can also be used to develop Octave scripts (see http://www.octave.org). This document should give you a short
description on how to do this.

If the user creates a new text document and saves it with the Octave extension, e.g. ,name.m‘ then the file will be listed
at the Octave files of the active project. The script can be executed with F2 key or by pressing the simulate button
in the toolbar. The output can bee seen in the Octave window that opens automatically (per default on the right-hand
side). At the bottom of the Octave window there is a command line where the user can enter single commands. It has
a history function that can be used with the cursor up/down keys.

There are two Octave functions that load Qucs simulation results from a dataset file: loadQucsVariable() and lo-
adQucsDataset(). Please use the help function in the Octave command line to learn more about them (i.e. type help
loadQucsVariable and help loadQucsDataset).

4.1 Postprocessing

Octave can also be used for automatic postprocessing of a Qucs simulation result. This is done by editing the data
display file of a schematic (Document Settings. .. in File menu). If the filename of an Octave script (filename extension
m) from the same project is entered, this script will be executed after the simulation is finished.

19
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KAPITOLA D

Kratky popis k ovladani

' V4

5.1 Hlavni ovladani

(platné pro vSechny médy)

kolecko mysi Posouva vertikdlné pracovni oblast.

kolecko mysi + kldvesa Shift Posunuje horizontalné pracovni oblsat.

kolecko mysi + kldvesa Ctrl PfibliZi, nebo oddéli pracovni oblast.

pretdhnout™ soubor do oblasti s dokumenty (viz Zacindme - | Qucs se pokusi oteviit soubor jako schéma, nebo
Analogové obvody obrazek 1 (5)) jako soubor s vystupnimi daty.

5.2 ,Vybér“-Méd

X

(Menu: Upravit->Vybrat)
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levé | Vybere komponentu pod kurzorem. Pokud je zde nékolik komponent, mtizete klikat tak dlouho, dokud ne-

tla- | bude vybrdna takovd komponenta, kterou chcete. Pokud nechate tlacitko mysi stisklé, miZete komponenty

¢itko| pod kurzorem pfesouvat. Pokud chcete nastavit pfesné pozici komponent, drzte kldvesu CTRL béhem pre-

mySi| souvani. Tim se vypne automatické pfichytavani k miiZce. Pokud budete drzet tlac¢itko mySi v prazdném
poli, vytvorite obdélnik. Po uvolnéni mysi v§echny komponenty umisténé vevnitt obdélniku budou vybrané.
Vybrané schéma, nebo kresba miiZze byt zvétsena, nebo zmensena pomoci stisklého levého tlacitka mysi na
jednom z jeho rohi a pfesunutim kurzoru se stisklym tacitkem mysi. Po kliknuti na text u komponenty, mtize
byt obsah upravovan piimo. Po stisknut{ Enteru automaticky skoc¢i na dalsi fddek. Pokud je na dalSim fadku
mozZnost si vybrat (naptiklad ze 2 moZnosti), miZete tyto moZnosti projit pomoci $ipky nahoru a Sipky dola.
Kliknutim v obvodu na uzel vstoupite do ,,propojovaciho médu.

Levé| Povoli vybrat vice jak jednu komponentu. Naptiklad vyberete nékolik komponent, ale z tohoto vybéru po-

tla- | febujete mit dvé nevybrané. Kliknutim na vybranou komponentu ji odeberete z vyberu. Tento méd je také

¢itko| platny pro vybér pomoci obdélniku (podivejte se o odstavec vyse).

mysi

+

kla-

vesa

Ctrl

pravé Kliknutim na vodi¢ vyberete pouze Cist vodice namisto celého vodice.

tla-

¢iko

mysi

Doj-| Otevfe se okno, ve kterém miZeme ménit vlastnost (znacky vodici, parametry komponent, atd.)

klik

le-

vym

tla-

¢it-

kem

mysSi

5.3 ,Vlozit komponentu“-Maod

(Kliknout na komponentu/diagram v levé oblasti)

levé tlacitko mySi | Umisti novou komponentu do schématu.
pravé tla¢iko mysi | Otoci komponentu. (Neplati pro diagramy.)

5.4 ,Vodic“-Moéd

7

(Menu: Vlozit->Vodic)

levé tlacitko mysi Nastavi zacitek/konec vodice.

pravé tla¢iko mysi Zméni smér vodiCe v rohach (prvni doleva/dopravas, nebo prvni nahoru/dold).

Dojklik levym tlacitkem mySi | Ends a wire without being on a wire or a port.
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5.5 ,Vlozit“-Mod

T

L

(Menu: Upravit->Vlozit)

levé tlacitko mysi | Umisti komponentu do schématu (ze schranky).
pravé tla¢iko mysi | klik levym tlacitkem

5.6 Mys v zalozce ,,Obsah”

I = S E S NiL SF S M 7 paME [BM
x|
= Chsah 'NESSE Foznamka
% | 2-Schémata
= ®ch55.50h g-port
(i
WHDL
= ~YWerilog
@ | -Datove vizualiz..,
& -Datové sady
~statni
=
C
@
C
o
o
=
o
T
dvojklik Otevie soubor.
dvojklik Otevie soubor.
Klavesnice Zobrazi se menu:

5.7 Klavesnice

Mnoho akei miizeme aktivovat/potrvrdit pomoci klavesnice. Tyto kldvesové zkratky muzZete najit v hlavnim menu.
Dalsi klavesové zkratky najdete v tomto seznamu:
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Sipky | SmaZe vybrané komponenty, nebo se zapne mazaci méd, pokud nenf nic vybréno.

do-

leva/doprava

Sipky | Zméni pozici vybranych popisovacu v jejich grafech. Pokud neni Zadny popisova¢ vybran, posune vy-

na- brané objekty. Pokud neni Zddna komponenta vybrana, bude se rolovat mezi zaloZkami dokumenta.

horu/doli

Tabu- | Zméni pozici vybranych popisovact ve vice rozmérnych grafech.Pokud neni Zadny popisova¢ vybran,

lator po Changes the position of selected markers on more-dimensional graphs.Pokud neni Zadny popisovac
vybran, posune vybrané objekty. Pokud neni Zddnd komponenta vybrdna, bude se rolovat mezi zdloZkami
dokumentd.

Na- Skoci na dalsi otevieny dokument. (souhlasné s dalsi zdloZkou).

horu
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KAPITOLA O

Prace s vnorenymi obvody

Vnorené obvody se pouzivaji pro vétsi prehlednost ve schématu. Toto je velice uZitecné pri sestavovani rozsdhlejsich
obvodi, kde se mnohokrét objevuji stejné bloky soucastek.

Nejprve vytvorime vnofeny obvod samotny. Vytvaii se stejné jako kazdé jiné schéma. Nejdiive ale musime programd
fict, kolik bude mit vlastné vnofeny obvod pinti (pro zacatek staci tieba 2). Tyto piny najdete v listé nastroja ,,Vlozit
pripojeni, nebo v menu Vlozit->VloZit pfipojeni. Na ty Cervené krouzky pripojte naptiklad dva rezistory 50 Ohmu
zapojeny paralelné. Nyni schéma uloZte (naptiklad vnoreny_obvod.sch). V§iménte si, Ze v zdloZce ,,Obsah* je u nazvu
schématu poznamka ,,2-port“. To znamena, Ze se jednd o vnoreny obvod se dvéma piny (konektory). Ted” uZ jen zbyva
oteviit (popfipadé vytvorit nové) schéma a do né¢j vlozit komponentu ,,Podobvod”. Kliknéte na ni§ vnofeny obvod
ndsledné dvakrat kliknéte na schéma, kam chcete vloZit vnofeny obvod. Komponenta ,,Podobvod* by se méla sama
nabidnout ke vloZeni. Nyni uZ zbyva vybrat pro ,,Podobvod* vybrat vhodné misto a napojit k nému dal$i soucastky.
Vzorovy piiklad miZete vidét na obrazku 1. Nyni miZete obvod odsimulovat. Vysledky jsou naprosto shodné, jako
kdyby soucastky ze vnorené¢ho obvodu byli pfipojené piimo.
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Bucs 0L 14 - ProekE: Vaoreny ofsad
Soubar  Upravil Umisténi %lo@it Projekl  Nasiroje Simuace BNahled Naposeda
BB EE 2% ~“RHAR" - 0086
L : T g i J‘H .

wnarerry obuodsch & velke_schemasch @& velke schemadpl

Csah Vroremy obvod Poznamka

' U.'w Ef“'Ef] R=-50 Chm

| DC simulace
i1

Obrazek 1 - Obvod s vnofenym obvodem

Pokud vyberete komponentu ,,Podobvod* (jednou kliknout na symbol ve schématu) miZete se snadno a rychle dostat
do vnoreného obvodu, pokud stisknete klavesu CTRL soucasné s kldvesou I (Samoziejmé, Ze tato funkce je dostupna
z liSty nastroju i hlavniho menu). Vratit zpét se muzete pomoci CTRL-H (soucasné stisknout CTRL a klavesu H).

Pokud se vam nelibi symbol komponenty pro vnofeny obvod, miZete si nakreslit sviij vlastni symbol a vlozit vlastni
popisky komponenty na vase oblibené misto. Pouze vytvoite vnofeny obvod a v menu klinéte na Soubor->Upravit
symbol komponenty. Pokud jesté nemate nakresleny symbol pro tento obvod, jednoduchy symbol je vytvoren auto-
maticky. Nyni miZete upravovat symbol kreslenim Car a vlastné ¢imkoliv, co najdete na levé strané programu. Nyni
mate misto schématu novy symbol.

Jako v§schny ostatni komponenty, ma i komponenta ,,Podobvod* né¢jaké parametry. Pro definovani vlastnich parametrt
se vrat'te do schématu, kde je vlaZena komponenta ,,Podobvod* a dvakrat na ni kliknéte. Objevi se okno, ve kterém
miZete vyplnit parametry a popisy. AZ bedete pfipraveni, zaviete okno a uloZte vnofeny obvod. V kazdém schématu,
kde je vnofeny obvod umistén, bude vlastnit nové parametry, které 1ze ménit jako ostatni komponenty.

6.1 Subcircuits with Parameters

A simple example using subcircuits with parameters and equations is provided here.
Create a subcircuit:

* Create a new project
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New schematic (for subcircuit)

Add a resistor, inductor, and capacitor, wire them in series, add two ports
Save the subcircuit as RLC.sch

Give value of resistor as ,R1°¢

Add equation ,ind = L1°,

Give value of inductor as ,ind*

Give value of capacitor as ,C1°

Save

File > Edit Circuit Symbol

Double click on the ,SUB File=name* tag under the rectangular box

— Add name = R1, default value = 1

Add name = L1, default value = 1
Add name = C1, default value = 1
- OK

Insert subcircuit and define parameters:

New schematic (for testbench)
Save Test_RLC.sch
Project Contents > pick and place the above RLC subcircuit
Add AC voltage source (V1) and ground
Add AC simulation, from 140Hz to 180Hz, 201 points
Set on the subcircuit symbol
- RI=1
— L1=100e-3
— C1=10e-6
Simulovat
Add a Cartesian diagram, plot V1.i
The result should be the resonance of the RLC circuit.

The parameters of the RLC subcircuit can be changed on the top schematic.

6.1. Subcircuits with Parameters
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KAPITOLA /

Zaciname s Digitalnimi sumulacemi

Qucs obsahuje také grafické rozhrani umoziujici digitalni simulace. Tento manudl by vam mél ukazat ,,Jak nato®.

Pro digitalni simulace Qucs pouzivd FreeHDL program (http://www.freehdl.seul.org) , takze FreeHDL a GNU C++
kompilator musi byt nainstalovan na vasem pocitaci.

Zde nenf pfilis velky rozdil mezi zprovoznénim analogové, nebo digitdlni simulace. TakZe pokud jste si pfecetli manudl
Zacindme s analogovymi simulacemi, bude pro vds hracka zprovoznit digitdlni simulaci. Pokud chcete, aby hradlo
AND vypadalo jako na ukdzkovém obrazku, pak dvakrat kliknéte na hradlo a u polozky ,,Symbol“ zméiite ,,0ld* na
,,DIN40900*. Nechme na programu, aby ndm vypocital pravdivostni tabulku z jednoduchého hradla AND. Vyberte
ze skupiny komponent digitalni komponenty v comboboxu. Ctverec ,Digitdlni simulace* naleznete v kategorii skupin
konponent ,,Simulace®.

Digitdlni zdroje S1 a S2 jsou vstupy. Uzel nadepsany jako Output je vystup. Po provedeni simulace se otevie okno,
ve kterém se vypisuji data ze simulace. Umistéte diagram Logicka tabulka (Pradivostni tabulka). Vyberte proménnout
Output. Nyni se ndm zobrazi pravdivostni tabulka dvou-vstupového hradla AND. Gratuluji, prvni digitdlni simulace
je hotova!
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Qucs 0.0.14 - Projekt: D-=A prevodnik

80ubor Upravit Umisténi YloZit Projekt Mastroje Simulace Mahled MNapovéda
HJquﬂe&w ) ) & F|[JC4 GA 64 54
5 EIES §&i/wﬂ o- & G| w

: D->A_prevodnk.sch | and.sch |
> simulace j B
=| [Tra]
Ds: H o - . . . . . . . . .

i simulace Frechodova @..7
= simulace st gy st
fi &c] 5] C o Numet o AR T
o .

AC-SBimulace S parameter R D R L

simulace S o
2 |
o [B] S Num=2o
2 | Harmonic  Variace Gz
E | balance parametru | digitaini |
- | simulace |
051
[l cptimalizace Digit
j °F " Type=TruthTable -
‘I..........I..........’l

Hotovo, Zadna varovanio : 0

Obrazek 1 - Qucs - hlavni okno

Pravdivostni tabluka neni jediné, co Qucs zvlddne. Je zde také moZnost poslat ndhodny signdl do obvodu a podivat se
na na vystup v ¢asovém diagramu. Pro to ale musime zménit parametr simulace. Vrat'te se ke schématu a zméiite v
Type (staci jednou kliknout) TruthTable na TimeList. Nebo jednoduseji dvakrat kliknéte na ikonu ,,Digitdlni simulace*
a zde zménte ,, TruthTable* na ,,TimeList“. Ale béhem simulace musi byt zad4n dalsi parametr. Digitdlni zdroje se nyni
chovaji jinak. Na jejich vystupech se ndhodn€ méni sekvence bitti od prvniho (definovaného) bitu (logicka ,,0° nebo
logicka ,,1). Ddle je tfeba nastavit seznam, kery bude urCovat kdy se bude ménit jejich logické stavy. Po ,,precteni*
tohoto seznamu se ,,piecte” jesté jednou a pak se program ukonci. TakZe vytvorme generdtor s taktovaci frekvenci
1GHz se stiidou 1:1, do listu se zapiSe: 0.5ns, 0.5ns

Pro zobrazeni vysledki typu této simualce je zde navrzeny diagram Casovy diagram. Zde mohou byte zobrazeny
vysledky vSech vystupti za sebou na fadkach. Takze, ted’ si miZete hrat ;-)

7.1 Komponenta VHDL soubor

Vice slozité a vice univerzalni simulace mohou byt zrealizovany pouZitim komponenty ,,VHDL soubor*. Tuto kom-
ponentu miZete najit v skupiné komponent ,,Digitdln{ komponenty*. Pfesto je v§ak doporuceno, Ze VHDL soubor by
mél byt soucdsti projektu. Vrat'te se zpét na ,,Obsah* a klliknéte na ndzev souboru. Po ,,vstupu* do schématu by se
méla komponenta VHDL vlozit

s Xz

Posledni ¢ast ve VHDL souboru definuje prostiedi, to jsou vSechny vstupy a mystupy. Ty také museji byt deklarovany
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prave zde. Kontakty jsou rovnéZ ve schématu a mohou byt propojeny se zbytkem obvodu. Béhem simulace je zdrojovy
kéd VHDL souboru umistén do nejvyssi trovné VHDL souboru. Toto musi byt Setrné kvili jistym limitacim. Napfi-
klad celky nazvi ve VHDL souboru musi byt rizné nez jsou ndzvy vnorenych obvodi. Po simulaci miiZzete zobrazit
kompletni zdrojovy kéd stisknutim klavesy F6. Zobrazte si jej pokud se chcete o této proceduie dozvédét vice.

7.1. Komponenta VHDL soubor 31
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KAPITOLA 8

Kratky popis matematickych funkci

Nésledujici operace a funkce mohou byt aplikovany v Qucs rovnicich. Parametry v zdvorkdch ,,[ ]* jsou volitelné.

8.1 Operatory

8.1.1 Aritmetické Operatory

+x Jednoclenny plus

-X Jednoclenny minus

x+y | Soucet

x-y | Rozdil

x*y | Nasobeni

x/y | Déleni

x%y | Déleni beze zbytku (Modulo)
x"y | Mocnina
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8.1.2 Logické Operatory

'x Negace

X&&Y Logicky soucin
x|y Logicky soucet
X"y Nonekvivalence
x?y:z | Abbreviation for conditional expression - if x then y else z
X==y Rovnost

x!=y Nerovnost

x<y Mensi nez

x<=y Mensi, nebo rovno
x>y VeEtst

xX>=y VEtsi, nebo rovno

8.2 Matematickeé funkce

8.2.1 Vektory a matice: Vytvareni

eye (n)

Vytvofi n x n identickou matici

length (y)

Returns the length of the y vector

linspace (from,to,n)

Real vector with n lin spaced components between from and to

logspace (from, to,n)

Real vector with n log spaced components between from and to

8.2.2 Vektory a matice: Zakladni maticové funkce

adjoint (x)

Adjungovand matice x (Pfenesend a sloZend)

det (x)

Determinant matice x

inverse (x)

Obracena matice x

transpose (x)

Pfenesend matice x (fady a sloupce jsou prohozeny)
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8.2.3 Absolutni hodnota, diilezité u komplexnich Cisel

abs (x) Absolutni hodnota, dilezité u komplexnich &isel

angle (x) Féze thlu v radidnech komplexniho ¢isla. Synonymum pro arg()
arg(x) Komplexné sdruzené cislo

conj (x) Komplexné sdruzené ¢islo

deg2rad (x) Prevadi fazi ze stupiid na radiany

hypot (x,y) Euklidova distantni funkce

imag (x) Velikost komplexniho ¢isla

mag (x) Absolutni hodnota vektoru na Ctverec

norm (x) Féazovy thel komplexniho ¢isla (ve stupnich)

phase (x) Fazovy thel komplexniho ¢isla (ve stupnich)

polar (m, p) Transform polar coordinates m and p into a complex number
rad2deg (x) Redlna ¢ast komplexniho Cisla

real (x) Redlnd ¢ast komplexniho ¢isla

sign (x) Funkce signum

Druhd mocnina ¢isla Druhd mocnina ¢isla

sgrt (x) Druha odmocnina

unwrap (p[,tol[,stepl]l) | Unwrap angle p (radians) — defaults step = 2pi, tol = pi

8.2.4 Zakladni matematické funkce: Exponencialni a logaritmické funkce

exp (x) Limitovana exponencidlni funkce
limexp (x) | Dekadicky logaritmus

10910 (x) Binarn{ logaritmus

log2 (x) Bindrni logaritmus

1n(x) Pfirozeny logaritmus (zdklad e )

8.2.5 Zakladni matematické funkce: Trigonometrie

cos (x) Funkce cosinus
cosec (x) | Kosekans

cot (x) Funkce kotangens
sec (x) Sekans

sin(x) Funkce tangens
tan (x) Funkce tangens

8.2.6 Zakladni matematické funkce: Opacné trigonometrické funkce

arccos (x) Arc cosinus
arccosec (x) Arc kotangens
arccot (x) Arc sekans
arcsec (x) Arc sinus
arcsin (x) Arc sinus
arctan(x[,y]) | Arctangents

8.2. Matematické funkce
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8.2.7 Zakladni matematické funkce: Hyperbolické funkce

cosh (x) Hyperbolicky kosekans
cosech (x) | Hyperbolicky cotangent
coth (x) Hyperbolicky sekans
sech (x) Hyperbolicky sinus
sinh (x) Hyperbolicky sinus
tanh (x) Hyperbolicky tangents

8.2.8 Zakladni matematické funkce: Opacné hyperbolické funkce

arcosh (x)

Opacna funkce k hyperbolickému cosinu

arcosech (x)

Opacna funkce k hyperbolickému kosekanu

arcoth (x

Opacna funkce k hyperbolickému cotangetu

arsech

Opacna funkce k hyperbolickému sekanu

Opacnd funkce k hyperbolickému sinu

)
(x)
arsinh (x)
artanh (x)

Opacnd funkce k hyperbolickému tangentu

v v s

8.2.9 Zaokrouhli na dalSi vyssi celé cislo

ceil (x) Zaokrouhli na dalsi vyssi celé ¢islo

fix(x) Zaokrouhli na dalsi niZsi celé Cislo
floor (x) | Zaokrouhli na dalsi niZ$i celé Cislo

Z X7

round (x) | Zaokrouhli na nejblizsi celé Cislo

8.2.10 Zakladni matematické funkce: Specialni matematickeé funkce

besselil (x)

Modifikovana Besselova funkce

bessel]j(n, x)

Modifikovana Besselova funkce prvniho druhu a n-tého druhu

bessely (n, x)

Bessel function of second kind and n-th order

erf (x)

Chybna funkce

erfc(x)

Invertovand chybn4 funkce

erfinv (x)

Invertovana chybna funkce

erfcinv (x)

Inverzni doplitkova chybnd funkce

sinc (x)

Synchronizacni funkce (sin(x)/x nebo 1 na x = 0)

step (x)

avg(x[,range])
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8.2.11 Rozbor dat: Zakladni statistiky

avg(x[, rangel])

Average of vector x. If range given x must have a single data dependency

cumavg (x)

Souhrny primér vektorovych prvkid

N7 X7

max (x,y) Vrati vétsi Cislozx ay
max (x [, range]) | Maximum of vector x. If range given x must have a single data dependency
min (x,y) Vrati mensi ¢islozx ay

min(x[, range])

Minimum of vector x. If range is given x must have a single data dependency

rms (x)

Running average of vector elements

runavg (x)

Standard deviation of vector elements

stddev (x) Variance of vector elements
variance (x) Nahodné ¢islo mezi 0,0 a 0,1
random () Nahodné ¢islo mezi 0.0 a 0.1

srandom (x)

Give random seed

8.2.13

8.2.12 Cumulative product of vector elements

cumprod (x)

Cumulative sum of vector elements

cumsum (x)

Cumulative sum of vector elements

interpolate (f,

x[,n]) | Spline interpolation of vector f using n equidistant points of x

prod (x)

Sum of vector elements

sum (x)

Sum of vector elements

xvalue (f, yval)

Returns x-value nearest to yval in single dependency vector £

yvalue (f, xval)

Returns y-value nearest to xval in single dependency vector £

Data Analysis:

Differentiation and Integration

ddx (expr, var)

Derives mathematical expression expr with respect to the variable var

diff(y,x[,n])

Differentiate vector y with respect to vector x n times. Defaults ton =1

integrate (x,h)

Integrate vector x numerically assuming a constant step-size h

8.2.14 Data Analysis:

Signal Processing

dft (x)

Discrete Fourier Transform of vector x

fft (x)

Fast Fourier Transform of vector x

fftshift (x)

Shuffles the FFT values of vector x to move DC to the center of the vector

Freg2Time (V, f)

Inverse Discrete Fourier Transform of function V (£) interpreting it physically

idft (x)

Inverse Discrete Fourier Transform of vector x

ifft (x)

Inverse Fast Fourier Transform of vector x

kbd(x[,n])

Kaiser-Bessel derived window

Time2Freq (v, t)

Discrete Fourier Transform of function v (t) interpreting it physically

8.2. Matematické funkce
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8.3 Electronics Functions

8.3.1 Unit Conversion

dB (x) dB value

dbm (x) Convert voltage to power in dBm

dbm2w (x) | Convert power in dBm to power in Watts

w2dbm (x) | Convert power in Watts to power in dBm

vt (t) Thermal voltage for a given temperature t in Kelvin

8.3.2 Reflection Coefficients and VSWR

rtoswr (x) Converts reflection coefficient to voltage standing wave ratio (VSWR)
rtoy (x[,zref]) | Converts reflection coefficient to admittance; default zref = 50 ohms
rtoz (x[,zref]) | Converts reflection coefficient to impedance; default zre £ = 50 ohms
ytor (x[, zref]) | Converts admittance to reflection coefficient; default zre f = 50 ohms
ztor (x[,zref]) | Converts impedance to reflection coefficient; default zref = 50 ohms

8.3.3 N-Port Matrix Conversions

stos (s, zref[,z0]) Converts S-parameter matrix to S-parameter matrix with a different Z0
stoy (s[,zref]) Converts Y-parameter matrix to S-parameter matrix
stoz (s[,zref]) Converts Y-parameter matrix to Z-parameter matrix

twoport (m, from, to)

Converts a two-port matrix: fromand to are ,Y*, ,Z°, ,H*, ,G*, ,A*, ,S*and ,T".

ytos (yl[,z01)

Converts Z-parameter matrix to Y-parameter matrix

ytoz

Converts Y-parameter matrix to Z-parameter matrix

ztos

Converts Z-parameter matrix to S-parameter matrix

(y)
(z[,z0])
ztoy (z)

Converts Z-parameter matrix to Y-parameter matrix

8.3.4 Amplifiers

GaCircle(s,Gal[,arcs])

Available power gain Ga circles (source plane )

GpCircle(s,Gp[,arcs])

Operating power gain Gp circles (load plane)

Mu (s)

Mu stability factor of a two-port S-parameter matrix

Mu2 (s)

Rollet stability factor of a two-port S-parameter matrix

NoiseCircle (Sopt,Fmin,Rn,F[,Arcs])

Noise Figure(s) F circles

PlotVs (data, dep)

Returns data selected from data: dependency dep

Rollet (s) Rollet stability factor of a two-port S-parameter matrix
StabCirclelL(s[,arcs]) Stability circle in the load plane
StabCircleS(s[,arcs]) Stability circle in the source plane
StabFactor (s) Stability factor of a two-port S-parameter matrix
StabMeasure (s) Stability measure B1 of a two-port S-parameter matrix
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8.4 Nomenclature

8.4.1 Ranges

LO:HI | Range from LO to HI
tHI Upto HI

LO: From LO

: No range limitations

8.4.2 Matrices and Matrix Elements

The whole matrix M

Element being in 2nd row and 3rd column of matrix M

Vector consisting of 3rd column of matrix M

8.4.3 Vector

8.4.4 tera, * 1e+12

2.5 Real number
1.4+35.1 Complex number
[1,3,5,7] Vector
[11,12;21,22] | Matrix

exa, le+18
peta, le+15
tera, le+12
giga, le+9
mega, le+6
kilo, le+3
milli, le-3
micro, le-6
nano, le-9
pico, le-12
femto, le-15
atto, le-18

QDB |B |~ |R|Q|H|T|lE

8.4. Nomenclature
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8.4.5 Name of Values

S[1,1] S-parameter value

nodename.V AC current through component name
name.l AC noise voltage at node nodename
nodename.v AC voltage at node nodename

name.1i Transient voltage at node nodename
nodename.vn | Transient current through component name
name.in AC noise current through component name
nodename.Vt | Imaginary unit (,,square root of -1°)
name.lt Transient current through component name

Note: All voltages and currents are peak values. Note: Noise voltages are RMS values at 1 Hz bandwidth.

8.5 Constants

Boltzmann constant = 1.38065¢e-23 J/K

i, 3

pi 4*arctan(1) = 3.14159...

e Euler =2.71828. ..

kB Boltzmann constant = 1.38065e-23 J/K
q Elementary charge = 1.6021765e-19 C
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KAPITOLA 9

Seznam specialnich symbolu

<strong>Poznamka:</strong> Zda se vam spravné zobrazi dany symbol, ¢i ne zdvisi na typu pisma, které pouziva
Qucs! Proto si prosim volte takovy typ pisma, ktery dokaZe zobrazit dané znaky.

Poznamka: Zda se vim spravné zobrazi dany symbol, ¢i ne zavisi na typu pisma, které pouziva Qucs! Proto si prosim
volte takovy typ pisma, ktery dokdze zobrazit dané znaky.

Mala recka pismena
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Velka recka pismena

Matematické symboly

LaTeX tag Unicode | Popis
\alpha 0x03B1 | alpha
\beta 0x03B2 | beta
\gamma 0x03B3 | gamma
\delta 0x03B4 | delta
\epsilon | 0x03B5 | epsilon
\zeta 0x03B6 | zeta
\eta 0x03B7 | eta
\theta 0x03B8 | theta
\iota 0x03B9 | iota
\kappa 0x03BA | kappa
\lambda 0x03BB | lambda
\mu 0x03BC | mu
\textmu 0x00B5 | mu
\nu 0x03BD | nu

\xi 0x03BE | xi

\pi 0x03CO | pi
\varpi 0x03D6 | pi
\rho 0x03C1 | rho
\varrho 0x03F1 rho
\sigma 0x03C3 | sigma
\tau 0x03C4 | tau
\upsilon | 0x03C5 | upsilon
\phi 0x03C6 | phi
\chi 0x03C7 | chi
\psi 0x03C8 | psi
\omega 0x03C9 | omega
LaTeX tag Unicode | Popis
\Gamma 0x0393 | Gamma
\Delta 0x0394 | Delta
\Theta 0x0398 | Theta
\Lambda 0x039B | Lambda
\X1i 0x039E | Xi

\Pi 0x03A0 | Pi
\Sigma 0x03A3 | Sigma
\Upsilon | 0x03A5 | Upsilon
\Phi 0x03A6 | Phi
\Psi 0x03A8 | Psi
\Omega 0x03A9 | Omega
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LaTeX tag Unicode | Popis

\cdot 0x00B7 | Mnohondsobné body (stfed bodu)

\times 0x00D7 | Mnohondsobny kiizek

\pm 0x00B1 | Znak plus minus

\mp 0x2213 | Znak minus plus

\partial 0x2202 | Symbol pro ¢asteéné derivovan{

\nabla 0x2207 | Operator nabla

\infty 0x221E | Symbol nekonecno

\int 0x222B | Symbol integritu

\approx 0x2248 | Symbol pro approximaci

\neq 0x2260 | Znaménko nerovnosti

\in 0x220A | Symbol ,,obsazeno v

\leg 0x2264 | Znaménko mensi, nebo rovno

\geq 0x2265 | Znaménko veétsi nez

\sim 0x223C | Znaménko pro pfimou iméru (stfedni Evropa)
\propto 0x221D | Znaménko pro pfimou iméru (Amerika)
\diameter 0x00F8 | Znaménko pro primér kruZnice (také znaménko pro aritmeticky primeér)
\onehalf 0x00BD | Jedna polovina

\onequarter 0x00BC | Prvni mocnina

\twosuperior 0x00B2 | Druha mocnina

\threesuperior | 0x00B3 | Treti mocnina

\ohm 0x03A9 | jednotka pro rezistivitu (velké fecké pismeno Omega)
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kapitoLa 10

Ladéné obvody

Vytvéreni ladénych obvodu je obCas potfeba v mikrovinné technologii. Qucs muiZe toto délat automaticky. Zde jsou
nezbytné kroky:

Vykonat simulaci s S-parametrem aby se vypocital Cinitel odrazu.

Umistit diagram a zobrazit Cinitel odrazu (Napt.: S[1,1] pro port 1, S[2,2] pro port 2 atd.)

Nastavit tvtirce grafu a nastavit pozadovanou frekvenci.

Kliknout pravym tlacitkem mysi na tvirce grafu a vyberte ,,power matching® v pravé objeveném menu.

Objevi se dialog. Zde si miZete prizptisobit hodnoty. Napf. referencni impedance se mizZe zménit o 50 Ohmu.

Po kliknuti na ,,vytvorfit” se vratite zpatky do schématu a pomoci kurzoru mysi miZete umistit vlastni ladény obvod.
Leva strana ladéného obvodu je vstup a na pravé strané musi byt zapojen obvod.

If the marker points to a variable called ,,Sopt“, the menu shows the option ,,noise matching®. Note that the only
different to ,,power matching® is the fact that the conjugate complex reflexion coefficient is taken. So if the variable
has another name, noise matching can be chosen by re-adjusting the values in the dialog.

Dialog pro ladéné obvody muZete také najit pfimo v menu (Ndstroje -> Pfizptisobovaci obvod) a nebo pouZit klaveso-
vou zkratku (<CTRL-5>). Potom ale veskeré hodnoty musi byt zadany rucné.

10.1 2-vyvodové ladéné obvody

Pokud nazev proménné v tvirci textu je jako S-parametr, pak tato volba existuje pro soucasny ladény vstup a vystup
dvou-vyvodového obvodu. Toto pracuje podobné jako jiz bylo vySe zmin€no. Ve vysledku je vSe ve dvou L-ovbodech:
Levy uzel je pro propojeni s propojkou &. 1. Pravy uzel je pro probopeni s propojkou €. 2 a dva uzly vprostfed jsou pro
pripojeni dvou-vyvodového obvodu.
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kaPiIToLA 11

Instalované soubory

Qucs potiebuje nékolik programi. Ty josu nainstalovdny béhem instalace. Cesty k Qucs se urcuji béhem instalace
(configure skript). Nasledujici vysvétlivky predpokladaji, Ze program je nainstalovan defaultné do defaultnich adresata
(fusr/local/).

/ust/local/bin/ques - GUI - grafické rozhrani
/usr/local/bin/qucsator - simulétor (aplikace v konzoli)
/usr/local/bin/qucsedit - jednoduchy textovy editor
/usr/local/bin/qucshelp - maly program zobrazujici napovédu
/usr/local/bin/qucstrans - program pro pfenos vypocCtl a parametrti
/usr/local/bin/qucsfilter - program syntetizujici filtry obvodd

/usr/local/bin/qucsconv - konvertor formatu soubort (aplikace v konzoli)

Vsechny programy jsou samostatné aplikace a mohou byt spustény samostatn€. Hlavni program (GUI)

spusti qucsator kdyZ provad{ simulaci,

spusti qucsedit kdyZ zobrazuje textové soubory,

spusti qucshelp kdyZ zobrazuje napovédu,

spusti qucstrans kdyZ spustime tento program z menu ,,Nastroje®,
spusti qucsfilter kdyZ spustime tento program z menu ,,Ndstroje®,

spusti qucsconv kdyz umist'ujete SPICE komponentu a kdyZ vykondva simulaci s SPICE komponentou.

Krom toho, nésledujici adresare jsou vytvoreny béhem instalace:

* /ust/local/share/qucs/bitmaps - obsahuje vSechny bitmapy (ikony atd.)

* /usr/local/share/qucs/docs - obsahuje HTML dokumenty, které pak pouZiva napovéda

* /ust/local/share/qucs/lang - obsahuje soubory s piekladem
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11.1 Prikazova radka - argumenty

qucs [souborl [soubor2 ...]]

qucsator [-b] -i netlist -o dataset (b=ukazatel stavu - progress bar)
gqucsedit [-r] [soubor] (r=pouze pro Cteni)

qucshelp (bez argumentd)

qucsconv —-if spice -of qucs -1 netlist.inp -o netlist.net
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kKAPITOLA 12

Popis k formatu soubort

Tento dokument popisuje format soubord. Tento formdt je pouZivan pro schémata (obvykle s pifponou . sch) a pro
soubory, které zobrazuji vystupni data (obvykle s pfiponou . dpl). Nasledujici text nazorné ukazuje piiklad souboru

se sechématem.

<Qucs Schematic 0.0.6>
<Properties>
<View=0,0,800,800,1,0,0>
</Properties>
<Symbol>
<.ID -20 14 SUB>
</Symbol>
<Components>
<R R1 1 180 150 15 -26 0 1
<GND % 1 180 180 0 0 0 0>
</Components>
<Wires>
<180 100 180 120
<120 100 180 100
</Wires>
<Diagrams>
<Polar 300
<"acnoise2:S[2,1]1"
<Mkr 6e+09 118
</Polar>
</Diagrams>
<Paintings>
<Arrow 210
</Paintings>

"50 Ohm" 1 "26.85"

nn

000
n Input n

LSS

170 70 21 "">

#0000ff 0 3 0 0 0>
-195 3 0 0>

320 50 -100 20 8 #000000 0 1>

0

250 200 200 1 #c0OcOcO 1 00 1 0 1 1 1 0 5151 0 1 1 315 0 225

"european" 0>

moonmn

LSS

Kazdy radek obsahuje mnoho sekci. Kazda je vysvétlena niZze. Kazda fadka neobsahuje vice jak jeden blok informaci

které zacinaji znakem < a konci znakem >.
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12.1 Vlastnosti (Properties)

Prvni ¢4st zaind s <Properties> akonéi </Properties>. Tento blok obsahuje vlastnosti souboru dokumentu.
Kazda fadka je volitelnd (nef tfeba vSe definovat). Nasledujici vlastnosti jsou podoprovany:

e <View=x1,vyl,x2,y2,scale, xpos, ypos> prvni Ctyfi ¢isla uddvaji pozici okna se shématem. Je to sou-
Casnd velikost tohoto okna a pozice levého horniho rohu (posledni dve ¢isla).

vy

* <Grid=x, y, on> uddva rozestup v miiZce v pixelech (prvni dvé ¢isla) a jestli je zapnut (posledni ¢islo je 1),
nebo vypnut (posledni ¢&islo je 0).

e <DataSet=name.dat> Do tohoto souboru se uklddaji vysledky ze simulace.
* <DataDisplay=name.dpl> Do tohoto souboru se uklddaji dal§i informace o simulaci.

* <OpenDisplay=yes> obsahuje 1 pokud se strdnka DataDisplay md automaticky otevii po simulaci. V
opacném piipadé obsahuje 0.

12.2 Symbol

Zacinad znaky <Symbol> a konéi </Symbol>. Obsahuje grafické soucasti, které tvori schématicky symbor pro
soubor. Toto je Casto pouzivano pro soubory schémat, které byvaji pozdéji pouzity jako vnorené obvody.

12.3 Components (Komponenty)

Zacind znaky <Component s> a konéi </Component s>. Obsahuje komponenty obvodi ve schématech. Format je
ndsledujici:

<type name active x y xtext ytext mirrorX rotate "Valuel" visible "Value2" visible
>

* type - identifikuje komponenty. Napf.: R jako rezistor, C jako kapacitu.
* name - toto je zcela jedine¢ny identifikator ve schématu. Napf.: R1 pro prvni rezistor.

* active - pokud je zde 1, znamena to, Ze komponenta je aktivni. Naptiklad je pouZita v simulaci. Pokud je zde
0, je neaktivni.

e xy“- Tyto dvé ¢isla urCuji, polohu komponenty (resp. kde se bude nachazet jeji stred).

e xtext ytext” - Tato ¢isla urcuji polohu textu, ktery slouzi jako popisek pro urcitou komponentu (resp. urcuje,
kde se bude nachdzet horni levy roh popisku). Tyto udaje udavaji vzdalenost od stfedu komponenty.

e mirrorX rotate - Nésledujici dvé ¢isla definuji zrcadleni podle osy x (1 pro zrcadleni, 0 nezrcadli se) a
rotaci ve stupnich (proti sméru hodinovych rucicek).

* Valuel visible - Zde se uddva hodnota komponenty (v uvozovkéch) . Pokud je za ni 1, pak bude ve
schématu zobrazena. Pokud bude hodnota 0, pak nebude ve schématu zobrazena.

12.4 Vedeni

Zalind <Wires> akondi </Wires>. Obsahuje informace o vedeni, které spojuje jednotlivé komponenty (co spojuje,
nazev, atd.). Format je nasledujici:
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<x1 yl x2 y2 "label" xlabel ylabel dlabel "node set">

»x1 yl x2 y2 - Tyto Ctyfi ¢isla urcuji pocatek (x1, yl) a konec (x2, x2) vodice. Veskeré vodi¢e musi byt ve
vodorovné, nebo horizontdlni poloze (tzn. Ze budou obé xové, nebo obé ypsylonové soufadnice stejné).

,» label* - Tato proménnd nastavuje popisek. Pokud je prazdnd, znamend to, Ze vodic¢i nedal uZivatel zZadny
nazev.

,»xlabel ylabel* - Dalsi dvé ¢isla jsou xové a ypsylonové soufadnice popisku. Pokud jsou zde nuly, znamena to,
Ze popisek neexistuje.

»dlabel - Cislo uréuje vzdalenost mezi pocate¢nim bodem vodice a popiskou vodice.

13173

,» node set“ - Text v uvozovkach udava jméno uzlu vodice. Napf.: pocatecni napéti na tomto uzlu je pravé
jméno uzlu tohoto vodice, pak se engine pokusi najit feSeni. Pokud je tato polozka prdzdnd, znamend to, Ze
uZivatel nenastavil jméno uzlu pro dany vodic.

12.5 Diagramy

Zacind <Diagrams> a konéi </Diagrams>. Obsahuje diagramy s jejich grafy a znackami. The line format is as
follows (line break not allowed):

<x y width height grid gridcolor gridstyle log xAutoscale xmin xstep
xmax yAutoscale ymin ystep ymax zAutoscale zmin zstep zmax xrotate
yrotate zrotate "xlabel" "ylabel" "zlabel">

,»X ¥ - Tyto &isla urcuji pozici spodniho levého rohu.

s ¥ Ny

,width height* - Nésledujici ¢isla udavaji Sitku a vySku diagramu.

,»grid” - Pokud je zde 1, pak bude zobrazena miiZka. Pokud zde bude 0, pak mfizka nebude zobrazena.
»gridcolor® - Zde je uddna 24. bitova barva v hexadecimdlni RGB hodnoté. Napft.: #FF0000 je Cervend.
,»gridstyle - Urcuje styl miizky.

Zbyla ¢isla urcujf jak ,,osekdme* logaritmickou stupnici.

12.6 Obrazce

Zacind znaky <Paintings> akonéi </Paintings>. Obsahuje obrazce, které jsou ve schématu.

12.5. Diagramy 51
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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, Lon-
don, UK. (mailto:mbrin72043 @yahoo.co.uk)

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.

13.1 Introduction

Resistors are one of the fundamental building blocks in electronic circuit design. In most instances conventional resis-
tor 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 manufactu-
ring 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
more 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.

13.2 RF Resistor Models

The schematic symbol, I/V equation and parameters of the Qucs linear resistor model are shown in Figure 1. In
contrast to this model Figure 2 illustrates the structure of a printed circuit board (PCB) mounted metal film (MF) axial
RF resistor (a), its Qucs schematic symbol (b) and its equivalent circuit model (c). A thin film surface mounted (SMD)
resistor can also be represented by the model shown in Figure 2 (c).
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Model Properties

I = R 50 Resistance in Ohms
G—E{? Temp 26.85 Simulation temperature in Celsius
= Te1 0.0 First order temperature coefficient
\") Tc2 0.0 Second order temperature coefficient

V=Rl Tnom 26.85 Temperature at which parameters are extracted

where R(Temp) = R(Tnom).(1+Tc1.(Temp-Tnom)+Tc2.(Temp-Tnom)?))
Figure 1 - Qucs built-in resistor model.

At signal frequencies where the largest dimension of an axial or SMD resistor is less than approximately 20 times the
smallest signal wavelength a resistor can be modelled by a lumped passive circuit consisting of a resistor Rs in series
with a small inductance Ls with the combination shunted by parasitic capacitor Cp. In Figure 2 Rs is the nominal
value of resistor at its parameter extraction temperature Tnom, Ls represents the inductance associated with Rs where
the value of Ls is largely determined by the trimming method employed during component manufacture to set the
value of Rs to a specified tolerance. Similarly, capacitor Cp models a parasitic capacitance associated with Rs where
the value of Cp is a function of the physical size of Rs. At RF frequencies it is important, for accurate operation, to add
lead parasitic elements to the intrinsic equivalent circuit model shown within the red box draw in Figure 2. In Figure
2 Llead and Cshunt represent resistor series lead inductance and shunt capacitance to ground respectively.

L2 L3
L=Llead L=Llead
RT1 RT2 (b) RT1 O——"r" 1 aan M) RT2
RT1 RT2 R2 L1
S W) > > ReRsLets
1l
RFResPCB 1]
(a) Rs=50 ca c1
Ls=5n c=Cp c2
C

Cp=0.3p . ‘I =Cshunt
Llead=0.1n L (c)
Cshunt=0.01p - -

Figure 2 - PCB mounted resistor: (a) axial component mounting, (b) Qucs symbol and (c) equivalent circuit model.

A typical set of model parameters for a 51 €2 5 % MF axial resistor are (1) Ls = 8nH, Cp = 1pF, Llead = 1nH and
Cshunt = 0.1pF. Illustrated in Figure 3 is a basic S parameter test bench circuit for measuring the S parameters of an
RF resistor over a frequency range 1 MHz to 1.3 GHz. This example also demonstrates how the real and imaginary
parts of a resistor model impedance can be extracted from S parameter simulation data. The graphs in Figure 3 clearly
demonstrate that the impedance of the typical MF RF resistor described in previous text and modelled by the equivalent
circuit shown in Figure 2 is a strong function of frequency at higher frequencies in the band 1 MHz to 1.3 GHZ.
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Figure 3 - Qucs S parameter simulation test circuit and plotted output data for a MF axial resistor: Rs=51€2, Ls=8nH,
Cp=1pF, Llead=1nH and Cshunt=0.1pF.

13.3 Analysis of the RF resistor model

A component level version of the proposed RF resistor model is shown in Figure 4, where
Z1=j-w- Llead

_ Rs+j-w-Ls-(1—w?-Cp-Ls)—j-w-Cp- Rs?
N (1-w?-Cp-Ls)?+ (w-Cp- Rs)?

j-w- Llead
(1 —w? - Llead - C'shunt)

Z2

Z3 =

Zseries = 41+ Z2 = Rseries + j - X series

Zseries
(14+j-w-Cshunt - Zseries)

Zb = Zseries|| X Cshunt = =ZBR+j -w-ZBI,

Z =3 -w-Llead+Zb=ZR+j -w-ZI.
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?PRZ

L3
E L=Llead —>Z1
c3 —L
C=Cshunt
RFResPCB1 1: ::l,_s
Rs=50
Ls=5n _— =:g:Cp =>2Z2
Cp=0.3p R1 \
Caunt=0.01p ReRe Zseries = Z2 +Z3 —> Zb = Zseries || 1/(j ‘w -Cshunt)
) { / The RF resistor model impedance Z = Zb + Z1
c2 _L L2 > 23
C=Cshunt -l' é =Llead

Figure 4 - RF resistor model rotated through 90 degrees and connected with one terminal grounded, similar to the test

circuit in Figure. Sections of the model are

shown grouped for calculation of the model impedance Z.

Figure 5 illustrates how a set of theoretical equations can be converted into Qucs equations for model simulation and
post simulation data processing. In this example Qucs equation Eqn1 holds values for RF resistor model parameters
and Qucs equation Eqn2 lists the model equations introduced at the start of this section. Figure 5 also gives a set of
cartesian graphs of post simulation output data which illustrate how ZR and ZI, and other calculated items, vary with
frequency over the range 1 MHz to 1.3 GHz.
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Figure 5- Theoretical analysis of RF resistance impedance Z using Qucs post processing facilities: note a dummy
simulation icon, in this example DC simulation, is required to force Qucs to complete the analysis calculations.

13.4 Direct measurement of RF resistor impedance using a simulated
impedance meter

A simple impedance meter for measuring the real and imaginary components of component and circuit impedance,
using small signal AC simulation, is shown in Figure 6. The impedance measuring technique uses a 1 Amp AC constant
current source applied to one terminal of a two port electrical network. The second terminal is grounded. A parallel
high resistance resistor (1E9 €2 in Figure 6) shunts the network under measurement to ensure that there is always a
direct current path to ground as required by the Qucs simulator during the calculation of simulation results. If required
the 1 Amp AC source can be set at a lower value. In such cases the value of VRes must also be scaled to give the
network impedance.

13.4. Direct measurement of RF resistor impedance using a simulated impedance meter 57



Qucs Help Documentation, Vydani 0.0.19
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VHQ Rfres1 ac simulation Il
QU R Rs=51 /
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Cp=1p Type=log 2 100 m
— — Llead=1n Start=1 MHz > ’
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|Equation = Points=203 50 ns
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acfrequency acfrequency

Figure 6 -A simple Qucs test circuit for demonstrating the use of an AC constant current source to measure electrical
network impedance.

13.5 Extraction of RF resistance data from measured S parameters

In the past the cost of Vector Network Analyser systems for measuring S parameters has been prohibitively expensive
for individual engineers to purchase. However, this scene is changing with the introduction of low cost systems like
the DGSAQ Vector Network Analyser (VNWA)' . This instrument operates over a frequency band width of 1.3 GHz,
providing a range of useful functions with highest accuracy at frequencies up to 500 MHz. This form of VNWA is
particularly suited to Radio Amateur requirements and Qucs users interested in RF circuit analysis and design. Such
equipment is ideal for measuring RF circuit S parameters and providing measured data for subcircuit and Verilog-A
compact devicemodel parameter extraction. Shown in Figure 7 is a graph of measured S parameter data for a nominal
47 Q resistor’ . As well as displaying, and printing, measured data the DGSAQ Vector Network Analyser software can
output data tabulated in Touchstone‘‘SnP* file format. These files can be read by Qucs and their contents attached
to an S parameter file icon for inclusion in circuit schematic diagrams. Figure 8 shows this process as part of an
RF resistor model parameter extraction technique involving DGSAQ VNWA measured S parameter data and Qucs
simulated S parameter data.

The brown “Test circuits” box shows test circuits for firstly reading and processing the DGSAQ VNWA measured
data listed in file mike3.s1p, and for secondly generating simulated S parameter data for an RF resistor specified by
parameters Ls =L, Cp = C, Llead = LL, Cshunt = 0.08 pF, and Rs = 47.3 (). Presented in Figure 9 are the Qucs
Optimization controls” which are used to set the range of** L**, C and LL values that optimizer ASCO will select
from to obtain the best fit between the measured and simulated S parameter data. Note in this parameter extraction
system that S[1,1] refers to measured S parameter data and S[2,2] to simulated S parameter data. Two least squares
cost functions called CF1 and CF2 are used as targets in the minimisation process. Values for CF1 and CF2 can
be found in the red box called ‘‘Simulation Controls‘‘. In this parameter extraction example the least squares cost
function CF1 is employed to minimize the square of the difference between the real values of the S parameters and

1 DG8SAQ VNWA 3 & 3E- Vector Network Analysers, SDR Kits Limited, Grangeside Business Centre, 129 Devizes Road, Trowbridge, Wilts,
BA14-7sZ, United Kingdom, 2014.

2 See DG8SAQ VNWA 3 & 3E- Vector Network Analysers- Getting Started Manual for Windows 7, Vista and Windows XP.

3 (http://www.vhdl.org/ibis/connector/touchstone_spec1 1.pdf).
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least squares cost function CF2 is employed to minimize the square of the difference between the imaginary values of
the S parameters. Qucs post-simulation processing is also used to extract values for the real and imaginary components
of the RF resistor impedance. Both the S parameter data and the impedance data are displayed as graphs in Figure 8.

Notice in this example the SPICE optimizer ASCO is used to find the values of L, C and LL. which minimize CF1
and CF2. Also note that Rs and Cshunt are held at fixed values during optimization. In the case of Rs its nominal
value can be found from DC or low frequency AC measurements. Similarly the value selected for Cshunt has been
chosen to give a very small but representative value of the parasitic shunt capacitance.. After optimization finishes the
minimized values of L, C and LL are given in the initial value column of the Qucs optimization Variables list, see
Figure 9. For the 47 () resistor the post-minimization RF resistor model parameters are Rs = 47.3 (2, Ls = 10.43 nH,
Cp =0.69 pF, Llead = 1.46 nH and Cshunt = 0.08 pF. The theoretical simulation data illustrated in Figure 10 shows
good agreement with the measured and the optimized simulation data.

4M52014 23008 FM 47 Ohm S parameter measurements
Error i Exprezsion

0.2/

0.2

0.7 07

0.3 03

) AL

cal |01 ol
Stat =1 MHz Leg Frequency Sweep Stop = 1200 MHz .-|' 1

g 511 Real
T Ak =0 dB N
511 Imag

Figure 7 - DGSAQ Vector Network Analyser S parameter measurements for a 47 €2 axial RF resistor.

13.5. Extraction of RF resistance data from measured S parameters 59



Qucs Help Documentation, Vydani 0.0.19

| Qucs device model Mike Bril April 2014 - RF RESISTOR MODEL Version 0.0.4 |
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RFResPCB1 80
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S parameter Rs=Rm 60
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1e6 1e7 1e8 1e9 3e9 1e6 1e7 1e8 1e9  3e9
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Frequency (Hz) Frequency (Hz)
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Figure 8 - Qucs device model parameter extraction system applied to a nominal 47 € resistor represented by the
subcircuit model illustrated in Figure 2 (c). Fixed model parameter values: Rs = Rm = 47.3 {2, 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 le-3. The ASCO method was set to DE/best/1/exp.

g Goals General Algorithm Variables Goals
Name active initial min max  Type Name Type Value
LL yes 1.465288E-09 1.45¢-9 1.6e-9 linear double Cf minimize 1e-20
L yes 1.043496E-08 8e-9 12e-9 logarithmic double cf2 minimize 1e-20
c yes 6.886837E-13 0.65¢-12 0.Te-12 linear double
Name: ¥ active
initial: min: max: Mame:
Value: minimize
Type: linear double = Add Delete Add Delete
oK Apply Cancel oK Apply Cancel

Figure 9 - Qucs Minimization Icon drop down menus: left ”Variables* and right ”Goals**.
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Figure 10 - Qucs simulation of nominal 47 € resistor based on theoretical analysis.|
Optimization | e=miked.s1p o
0.9 1e3
opt1 Measurements )
0.85 800
'Bu.lllon
Eqn3 o8 = {600
ICf1=A" (real(S[2,2])-real(S[1,11))*2 8 N =
[Cr2=B" (imag(S[2,2]}-imag(S[1,11))"2] o & 3 0,75 ¥R o
0.7
RFResPCB1 200
S parameter Resim 0.65
simulation Ls=L frequency .
Cp=0.75e-12 0.6
SP1 Llead=1.5e-9
1e6 1e7 1e8 1e9 3e9 1e6 1e7 1e8 1e9 3e9
:’.’.’:;':fs Cehunt=0.059 © (Hz) © Frequency (Hz)
Stop=1.3e9 Simulation 0 o
Points=1501
Simulation Controls Test circuits
-0.2
3 8- i
Equation Equation [Equation 5 L E‘%
Eqn1 Eqnd EanS o4 400
Zr=real(stoz(S))  A=1 ::_11-"“":!:(5;:1.1:;,
Zi=imag(stoz(S)) :.:1-1010 &:z-ml(slz,'zl) s
Si_2=imag(S[2,2]) frequency -
Equations 1e6 1e7 1e8 1e9 3e9 1e6 1e7 1e8 1e9  3e9
juency (Hz) uency (Hz)

Figure 11 - Qucs device model parameter extraction system applied to a nominal 1000 €2 resistor represented by the

subcircuit model illustrated in Figure 2(c).
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Figure 12 - Qucs simulation of nominal 1000 2 resistor based on theoretical analysis.

13.6 Extraction of RF resistor parameters from measured S data for
a nominal 1000 2 axial resistor

At low resistance values the impedance of an RF resistor becomes inductive as the signal frequency is increased.
This is due to the fact that the inductance Ls contribution dominates any reactance effects by Cp, Llead and Cshunt.
However, as Rs is increased above a few hundred Ohm’s the reverse becomes true with reactive effects dominated
by contributions from Cp. Figures 11 and 12 demonstrate the dominance of Cp reactive effects at low to mid-range
frequencies.

13.7 One more example: extraction of RF resistor parameters fro me-
asured S data for a nominal 100 2 SMD resistor

Figure 13 is included in this Qucs note purely for comparison purposes. SMD resistors are in general physically very
small when compared to axial resistors. This results in lower values for the inductive and capacative parasitics which
in turn ensures that the high frequency performance of SMD resistors is much improved.
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Figure 13 - Qucs device model parameter extraction system applied to a nominal 100 {2 SMD resistor represented by
the subcircuit model illustrated in Figure 2 (c).

13.8 A Verilog-A RF resistor model

Listed below is an example Verilog-A code model for the RF resistor model introduced in Figure 2 (c). Due to the
limitations of the Verilog-A language subset provided by version 2.3.4 of the ”Analogue Device Model Synthesizer**
(ADMS)* inductors Ls and Llead are modelled by gyrators and capacitors with values identical to Ls or Llead.

// Verilog—-A module statement.
//
// RFresPCB.va RF resistor (Thin film resistor, axial type, PCB mounting)

/7

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

// it under the terms of the GNU General Public License 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, April 2014.
//

“include "disciplines.vams"

“include "constants.vams"

// Verilog-A module statement.

module RFresPCB(RT1, RT2);

inout RT1, RT2; // Module external interface nodes.
electrical RT1l, RTZ2;
electrical nl, n2, n3, nx, ny, nz; // Internal nodes.
“define attr(txt) (xtxtx*)
parameter real Rs = 50 from [1le-20 : inf)
“attr (info="RF resistance" unit="Ohm's");
parameter real Cp = 0.3e-12 from [0 : inf)
“attr (info="Resistor shunt capacitance" unit="F");
parameter real Ls = 8.5e-9 from [le-20 : inf)

“attr (info="Series induuctance" unit="H");

(continues on next page)

4 (http://sourceforge.net/projects/mot-adms/).
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(pokracujte na predchozi strance)

parameter real Llead = 0.le-9 from [le-20 : inf)
“attr (info="Parasitic lead induuctance" unit="H");
parameter real Cshunt = 1le-10 from [le-20 : inf)
“attr (info="Parasitic shunt capacitance" unit="F");
parameter real Tcl = 0.0 from [-100 : 100]
‘attr (info="First order temperature coefficient" unit ="Ohm/Celsius");
parameter real Tc2 = 0.0 from [-100 : 100]
‘attr (info="Second order temperature coefficient" unit =" (Ohm/Celsius)"2");
parameter real Tnom = 26.85 from [-273.15 : 300]
‘attr (info="Parameter extraction temperature" unit="Celsius");
parameter real Temp = 26.85 from [-273.15 : 300]
“attr(info="Simulation temperature" unit="Celsius");
branch (RT1, nl) bRT1Inl; // Branch statements
branch (nl, n2) bnln2;
branch (nl, n3) bnln3;
branch (n2, n3) bn2n3;
(

branch (n3, RT2) bn3RT2;

real Rst, FourKT, n, Tdiff, Rn;
analog begin // Start of analog code
@(initial_model)

begin
Tdiff = Temp-Tnom; FourKT =4.0x P_KxTemnmp;
Rst = Rs* (1.04Tcl*Tdiff+Tc2+Tdiff+xTdiff); Rn = FourKT/Rst;
end
I(nl) <+ ddt (CshuntxV(nl)); I(bnln2) <+ V(bnln2) /Rst;
I(bnln3) <+ ddt (Cp*V (bnln3)); I(n3) <+ ddt (Cshunt*VvV(n3));
I(bRT1lnl) <+ -V (nx); I (nx) <+ V(bRT1lnl); // Llead
I(nx) <+ ddt (Llead*V (nx));
I (bn2n3) <+ -V (ny); I(ny) <+ V(bn2n3); // Ls
I(ny) <+ ddt (Ls*V(ny));
I (bn3RT2) <+ -V(nz); I(nz) <+ V (bn3RT2); // Llead
I(nz) <+ ddt (LleadxV (nz));
I(bnln2) <+ white_noise (Rn, "thermal"); // Noise contribution
end // End of analog code
endmodule
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Module RFresPCB

Input Variables

Input Variables: instance=0 (bold) and model=9

|na.me Ides cription |defau1t
IR!; |RF resistance |5ﬂ-
lco |Resistor shunt capacitance [0.3e-12
Il..s |Seri&s induuctance |3.5e-9
[Llead [Parasitic lead induuctance [0.1e-9 .
[Cshunt [Parasitic shunt capacitance [le-10 Model Equations
ITCl |First order temperature coefficient |IJ.D Notations used:
[Tcz  [Second order temperature coefficient |0.0
= * green: inpul parameter
[Trom [Parameter extraction temperature  [26.85 * bar over: variable never used
[Temp [Simulation temperature [26.85 & bar under: temperature dependent variable

Output Variables

Output Variables: instance=0
(bold) and model=0
(red-underlined: temperature
dependent)

Iname |descriplian |dep-endencies |

Nature/Discipline Definition

Nature

® red: wltage dependent variable
Initial Model
Tdiff = (Temp — Tnom):
FourKT = ((4.0 - 1.3806503¢-23) - Temp);
Rst = (Rs- ({10 + (Tl - Tdiff)) + ((Tc2 - Tdidl) - TAiffy);
En= %;
wmmrmmmmm=== e Of Initial Model

Tinl nl) <+ ddu(Cshunt - Vinln1))

[name [acress [abstal [units I(nl,nl) <+ %

[Current [t [te12 A o N

|lCI|.arge |‘-_‘.I |15_14|m“| finl,nl) <+ ddy(Cp - Vinl, nl))k

fvoltage M [res [ I(n3, n3) <+ ddt((C shunt - Vin3, n3);

[Flux [Pai Jlen [wn

[Magneto Motive Force [MMF_|1e-12 [A"turn IRTL,RT1) <+ (=Vinx, nx)

[Temperature [Temp 'Fh(. T, nxr <+ VIRT1,RT1);

Me_r |h“ |1&9 |W Funx, nxy <<+ dduiiLlead - Vinx, axi));

[I-’Usjhun |Pus ’ﬁ |m

[velocity [ver — [ies [mss T2, n2) <+ (— Viny.ny);

|acceleration [ace |15-6- [mis=2 Hay, ny) <+ V(n2, n2);

[Impulse [fmp 1o [ms~3

[Farce [F [le-6 [N Ty, iy ) <+ dadai (L= - Viny, ny)));

|.Angle |Th5m |1E'6 |mds [in3, n3) <+ (= Vinz, nzn;

JAngular Velocity [Omega[le6 [radss

[Angular Acceleration [Alpha [le6 [radsis*2 Tz nes <+ Vind.ndk

|.Anu11hr Faorce |1h" ’ﬁ |h"m finz, nes <+ ddii(Llead - Vinz, nza);
Discipline

[name [potential [flow linl, nl) <+ white_noise{Rn, "thermal”);

llogie

felectrical |\"ulags |D.erenl

peoltage |‘-'ulaga

|vcu.rrer|l |Currant

f.rnagnabc |Mag‘nslu Motive Force |F]1|1

[thermal [remperature [Power

ll.u'lematlc |Pns:l‘.|un |Fo.rue

hinsmatil: v |\"sht;i13r |Fur|:|r

frotational Amigle Angular Force

rotational omega [Angular Velocity Angular Force

Figure 14 - Details of the proposed RF resistor model: equations, variables and other data.

13.8. A Verilog-A RF resistor model
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13.9 Extraction of Verilog-A RF resistor model parameters from mea-
sured S data for a 100 (2 axial resistor

This example demonstrates the use of ASCO for extracting Verilog-A model parameters from measured S parameter
data. ASCO optimization yields a figure of 4nH for L in the model shown in Figure 2 (c). Other model parameter

values are given with the test circuit, see Figure 15.

I Qucs device model parameter extraction system: Mike Brinson, April 2014 --

RF RESISTOR MODEL Version 0.0.4 I
Optimization X1 4
\"=ﬂ File=mikeS.s1p 044 20
optt M 1 200
leasurements 042
dc simulation ‘ 180
U EE— 160
1 0.4
Equation pe . ~ - = &'140
& ' T =o
Eqn3 o (287 SESREN
Ct1-A" (real(S[2,2))-real(S[1,1)))"2 @ 0.38 00 J
Cr2-B*(imag(S[2,2])-imag(S[1,1]))*2 RFresPCBI
Rs=Rm 0.36 &
S parameter Cp=0.43p 60
simulation Ls=L frequency 0.34 40
Llead=0.5n
SP1 Cshunt=1e-15 166 167 158 169 3 1 1e7 1e8 169 3e9
Type=log Te1=0.0 Frequency (Hz) Frequency (Hz)
Start=1e6 Tc2-0.0 ‘
Stop=1.3e9 Tnom-=26.85 Simulation 0.04
Points=1501 Temp=26.85 10
Simulation Controls Test circuits 0.02
— 0+ e
= it =T ot
— w n =&
Equation Equation IEE:“—"“" @ 002 i
Eqnt Eqnd Sq"|, NS .1
Zr-real(stoz(S)) A=1000 SF1 -real( S[ ; ‘]’ 0,04 o
Zi-imag(stoz(S)) Rm=101.0 i_1=imag(S[1,1])
Sr_2=real(S[2,2])
B=1000 o 2-mag©22) frequency -0.06
Equations - ’ 1e6 1e7 1e8 169 3 1 1e7 1e8 169 3e9
Freguency (Hz) Frequency (Hz)
| Optimized values of model are listed by ing Optimization icon menu "Variables" |

Figure 15 - Verilog-A models parameter data extraction for a 100 2 axial thin film resistor. Fixed model parameter
values: Rs = Rm =101 2, CShunt = 1e-15 F, Llead = LL = 0.5nH, Cp = C = 0.43pF; Optimised values: Ls =
L = 3.99nH. To reduce simulation time the ASCO cost variance was set to le-3. The ASCO method was set to

DE/best/1/exp.

13.10 End Notes

This brief Qucs note outlines the fundamental properties of subicircuit and verilog-A compact component models
for RF resistors. The use of optimization for the extraction of subcircuit and Verilog-A compact model parameters
from measured S parameters is also demonstrated. The presented techniques form part of the simulation and device
modelling capabilities available with the latest Qucs release’.

Technicky popis tykajictho se simulace

je dostupny na: http://qucs.sourceforge.net/tech/technical.html (anglicky)

Priklady shémat

jsou dostupné na: http://qucs.sourceforge.net/download.html#example (anglicky)

5 Qucs release 0.0.18, or greater.
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