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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://ques.sourceforge.net). Versions are available for Linux (Ubuntu and other distributions), Mac
0OS X (© and the Windows (C) 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
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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.

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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BoicTpbiii cTapT QuCs B aHAaNOrOBOM MOAENMPOBAHNM LiENY

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.
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Puc. 1 - T'maBaoe okno Qucs

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 2. Complete, with appropriate entries for your Qucs installation, the Settings,
Source Code Editor, File Types and Locations menus.
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L

Settings

Edit Qucs Properties - + X

Source Code Editor File Types Locations

Font (set after reload): l

Arial,12,-1,5,50,0,0,0,0,0 |

Large font size:

16.0

Document Background Color: l

Language (set after reload):

lsystem language

3

Maximum undo operations: |2D

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: M
OK | l Apply I Cancel I Default Values |

Puc. 2 - Okmo Qucs ¢ pegakTHpoBaHuEM CBOWCTB.

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.
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L Qucs 0.0.19 - Project: QucsHelpFig
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Puc. 3 - T'itaBroe okHO QuUCs ¢ OTMEYeHHBIME PAOOIMMHU 30HAMUA

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 100 Ohm
in the edit field on the right hand side and click enter.

8 Fnasa 2. BbicTpeiii ctapt Qucs B aHanorosom MogennposaHumn LEenu
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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.
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- Edit Diagram Properties - + x
.Data ‘
Graph Input
Number Notation: |magnitude/angle (degree) - | Precision: ‘:T|
Dataset Graph
firstSchematic =
Name ¥  Type Size
divide.V indep 1
Vil indep 1
[ New Graph ]
[ Delete Graph ]
OK ] | Apply | Cancel

Puc. 4 - Okmo orobpazkenns: JaHHbIX Qucs, MOKa3bIBaoIIee TabJIMIHbIN TUAI0T
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BbicTpbiii cTapT B onTumMm3aumm

Joa onrumuszanuu neneit 8 Ques ucnonbdyerca yruiura ASCO (http://asco.sourceforge.net /). Huzke naer-
¢S KpATKOE OIMCAHUE TOTO, KAK MOJTOTOBUTH CXEMY, BBIIOJHUTH YTUJIUTY U WHTEPIPETHPOBATH PE3YJIbTAT.
Ilepes sTuM B cucreme j10J2KHa ObITH yeranoBeHa ASCO.

OnruMmusanust e - 3TO HUYTO MHOEe, KAK MUHUMU3aIus (DYHKIIMH CTOMMOCTH. JTO MOXKET ObITh BpeMsI
3aJIepyKKU WU HapacTaHus 1udpoBOil Ienu, OO0 MOIIHOCTb WJIU YCHUJIEHHWE aHaJjoroBoi mernu. Kime omma
BO3MOYKHOCTD - OIPEIE/JUTh 3aJady ONTHMH3AINKA KakK codeTanue (pyHKIHH, 9TO B 9TOM CIydae BeJeT K
OIIPeIeJIEHUIO TIOKA3aTe st [I0OPOTHOCTH.

JIJTst TIOJITOTOBKM CIUCKA CBsI3€l K ONITUMU3AIIAN JIBE BEIIU JIO/IKHBI OBITH JT00ABJIEHBI K yKe CYIIeCTBYIOIIeH
cxXeMe: HYKHO BCTaBUTDL ypaBHeHI/Ie(H) u OJIOK KOMITOHEHTa ONTUMH3aIuu. BosbMmuTe cxeMy u3 puc. 1 u
BHECHTE B Hee M3MEHEHUs TakK, YTOOBI MMOJIyIUTh B PE3Y/IbTATE CXeMY Ha, PUC. 2.

11
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Qucs 0.0.11
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Puc. 1 - Ucxonnas cxema.
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Puc. 2 - IToarorosnennas cxema.

Tenepb OTKpOiiTe KOMIOHEHT OIMTAMU3AINN U BbIOepUTe BKIQJIKY ‘Asropurm’. VI3 MEIONIXCS TYT apaMeT-
poB 0coboe BHUMAaHUE IOJIKHO OBITH yjeJsieHO rmapamMerpaM ‘MakcumasbHoe uncso ureparuii’; ‘Ilocrosauast
F’ u ‘@akrop nepecedenns’. 3aBbIllieHNe WK 3aHUKEHIE ITUX TAPAMETPOB MOXKET IPUBECTU K IIPEXKIEBPE-

MEHHOH CXOJUMOCTH OIITHUMH3aTOpPa, K JIOKAJILHOMY MHUHUMYMY WJIN K OY€HDb ﬂOJII‘OfI OIITUMU3AIINN.
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MzmMmeHeHWe CBOMCTE ONTMMM3AL NN

MeTtom: EDE'.-"rand-t.u-beat.:’ ]..-'expi h
MagkcumaneHoe yHCI0 HTEpALHH: 50
Hern ofHoBNEHNY BEIXOOA: 2
Yncno HeTouHHKOE: 20
[MocTosanas F: 0.85
(DaxTop nepeceyeHAA: 1
HauaneHoe uHeno qag reHepaTopa NCeBI0CIYUYaHHEBIX YHCE: |3
MusnmanesBIR pasipoc CTOHMOCTH: le-6
CToHMoCTHBIE LIEJTH: 10
CronMocTHEIE OrpaHHYE HHG: 100

0K [lpumesnTs OrmeHHTE

Puc. 3 - unasor ontumuzanuu, napaMeTpbl aJTOPUTMA.

Ha Bkiaske “Ilepemennsie” ornpesesisieTcsi, KAKHe 3JI€eMEHTHI Tern 6y 1y T BEIOPAHDI U INAITA30HBI UX JIOITYCTH-
MbIX 3HadYeHnil (puc. 4). VIMeHa [lepeMeHHBIX COOTBETCTBYIOT HIeHTU(HUKATOPAM, IOMEIIEHHBIM B CBOMCTBAX
KOMITOHEHTOB, a He UMEHAM KOMIIOHEHTOB.

14 FnaBa 3. BbicTpbIii cTapT B oNnTUMK3auumn



Qucs Help Documentation, Beinyck 0.0.19

MzmMmeHeHWe CBOMCTE ONTMMM3AL NN

Hwms | akTHBHO | HAYANBHOE | MHH marc | THO
L3 oa 393.2e-12 350e-12 450e-12 nuHEHHOS BEIECTBEHHOE
C3a oa 64.4e-12 Hle-12 B0e-12 nuHEHHOE BellecTBEHHOE
c2 oa 320.2e-15 300e-15 340e-15 nNHHEHHOE BEINeCcTBEHHOE
L2 oa 9. 1e-9 G0e-8  100e-9 nHHeHHOE BElIeCcTBEHHOE
L1 oa 393.2e-12 350e-12 450e-12 nHHeHHOE BelleCcTBEHHOE
C1 oa 64, 4e-12 Hle-12 B0e-12 nHHEHHOE BEIECTBEHHOE
Hus AKTHBHO
HAYAIEHOE! MHH MAKC:
Tun: | nHHEHHOE BElecTBEHHOE = Jlo6aBHTE YoanuTs
0K [lpumesnTs OrmeHHTE

Puc. 4 - Tnasor ontuMusanuu, napaMeTpbl I€PEMEHHbBIX.

Haxkomnen, nepexoure K “IlessiM”, rye 3aa10TCsI €N ONTUMU3AIAN (CIeJaTh MAKCUMAJIBHBIM, CJIeJaTh MU-
HUMAJIbHBIM) U OrpaHuveHusi (MeHbie, Goablie, pasHo). 3aremM ASCO aBromarmuecku oObeiUHSET UX B
O/IHY (DYHKITHIO CTOMMOCTH, KOTOPAasi Je/IaeTCsd MAHUMAJIbHOM.

15
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MzmMmeHeHWe CBOMCTE ONTMMM3AL NN

Hua Trn duaueHHE

Left_Side_Lobe meHBme  -20
Pass_Band_Ripple Gonpme -1
Right_Side Lobe mmaaamym -20
S511_In_Band MarcHuys 0

Hma:
JdHaueHHEe: MHHHMYM ¥
Jlo6aBHTE ¥nanute
0K [lpumesnTs OrmeHHTE

Puc. 5 - Tnasor ontTumuzanuu, napaMeTphl IejIei.

Cietyfomuii mar COCTOUT B U3MEHEHUH CXEMbI U OIIPEJIETICHNN, KAKIE JIEMEHTHI TPEOYEeTCsT ONTUMU3HPOBATD.
Tlonyyennast B pe3ysibrare cxema n300parkeHa Ha, puc. 6.

16 FnaBa 3. BbicTpbIii cTapT B oNnTUMK3auumn



Qucs Help Documentation, Beinyck 0.0.19

-
-
-
-
-
-
-
-
-
-

Darn

lpaska Pacnonomenue

BESEE NN NN

RjEHa d>e &/

IpoerTe

BHILI MOIeTHPOBAHHG

Qucs 0.0.11

poerr

ok DE KN
-

MAME

Huerpymesrer  Mopenuposanne

ERTC

AR AK

Bun  Cnpaska

HomnoreHTE Conepranne

MOIETHPOBAHH
e Ha
MoOCTOSHHOM

TOKE
AC]]

MOIETHPOBAHH
e Ha
nepeMeEHHOM

TOHe

I'apmorngeckn

H GanaHc
[Dig]

unpoBoe
MOJIe THPOBAHH

e

Tra]]

Mopenuposann
& mepexomHoro

npoLecea

Mopenuposann
€ S-mapaMeTpoB

Passeprra

napameTpa
LT

ONTHMHIALHA

S

.
o L=12
Il .
II NP
od o
[0=C2
L ‘L3 P2
AR - L. Num=2 .
L=L1 = L=L3
= S = Z=50 Ohm
tc3 -l_ =
L C=C3
| Mopemrpoeanne
| 8 mapamerpor Ypasnerme
o Eqgnl -
- 8P1. Left_Side Lobe=max({dB{3[2,1]), B00e6:0006)
- Typeslog - Right_Side_Lobe=max(dB{S[2,1T), 1100e6:1200e6)
* Start=800 MHz - 511_In_Band=max({dB{S[1,1]), 960e6: {0406}
* Stop=1200 MHz Pase_Band_Fipple=min(dB(S[2,11), 960e6:1040ef)
| OnTEMEIaIHEAT
. Optl

S

| [*]
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Puc. 6 - HoBoe ritaBrOE 0kHO QuCs.

Tlocemuuit mar - 3amyck ONTHUME3AINNA, TO €CTh MOJIETUPOBaHusl, HaxKartueM Kiasurmm F2. Ilo xonuanun
paboThl, HA KOTOPYIO Ha, COBPEMEHHOM KOMIIBIOTEpE YIJIeT BCero HECKOJIBKO CEKYHI, HAUIY YIllhe Pe3yJIbTaThl
MOJIE/IMPOBAaHUS OYIyT MOKA3aHBI B TPa(pUIECKOM BHJIE.
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Qucs 0.0.11
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HeT npenynpesaerui 0 : 0

Puc. 7 - Oxno Qucs ¢ pesysbratamu.

OnruMasibHbIe TTAPAMETPHI el MOT'YT OBITh HaliJIeHbl B JJUAJIOTe ONTUMU3aIn, Ha BKake “Ilepemennbie’.
Terepb OHHU SIBJISIFOTCs HAYAJBHBIMU 3HAYEHUSIMI KAXK/I0il 13 IPEJICTABIEHHBIX IIePEMEHHBIX (puc. 8).

18 FnaBa 3. BbicTpbIii cTapT B oNnTUMK3auumn
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Edit Optimization Properties O X

General Algorithm ‘h-’ariableslGnalsI

Name|active| intial | min | max |  Type |
L3 yes 3.93e-10 350e-12|450e-12 linear double

c3 yes 6.52e-11 50e-12 |80e-12 linear double
c2 yes  3.04e-13 300e-15 340e-15 linear double

L2 yes |8.4e-08 60e-9 |100e-9 linear double

L1 yes | 4.31e-10 350e-12 450e-12 linear double

C1 yes | 5.82e-11 50e-12 80e-12 linear double
Name: | active
initial: min: max:

Type: linear double "| Add Delete |
Copy current values to equation |

ok Apply | cancel

Puc. 8 - JIyumne maiiieHHbIe TADAMETPHI IIETIH.

By clicking the “Copy current values to equation” button, an equation component defining all the optimization
variables 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.
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Qucs 0.0.1% - Project:

File Edit Positioning Insert Projeel Tools Simulation  View Help

wERAdeald " haencacal[iEne s F S REL -

BE  ppsch x| bppl % |

L&
l
43

diagrams .v| . . . .o . . o . . L . —
@
5 X
Cartasian Polar

e R

Tabular Smith Chart

o P
k= \&%é.—

Admittance ... Paolar-Smith .., = 1 =

. c=ct
& L

Smith-Polar ... 30-Cartesian

| Lioraries | Componenis | Cantent | Projects

S parameter|| ~ [Eauation

Y .. . |simulation. B .
— Left_Side_Labie-max(dB(S[2.1]), 800e6:90066)
Lecus Curve  Timing Diag... SP1 Pass_Band_Hipple=min(dB(S[2,1]), 960e6:1040e6)

 Type=log " Right_Side_Lobe=max(dB({S[2,1]), 1100e6:1200e6)
B . StancsooMz. | S11_In Band-max(dB(S[1 1), 96066:1040e6)
o Stop=1200MHz
Truth Tzbla q
fuih T  Points=200 _ Equation
. L . DOptValues1t =
. PP . L3=3.932541E-10 .
|Optimization|| o7 ocaarE 11
- Optt . . C2=3.040B09E-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
Puc. 9 - Cxema ¢ onTuMuU3upOBAHHBIMU 3HAYCHUSIMU.

B CJIydae, €CJIM BaM HY2>KHO CAe/IaTh JOIIOJTHUTE/IbHbIC U3MEHEHHUA B CX€ME€, KOMIIOHCHT OIITUMU3AIIUN TEIIEPb
MOXKET OBITh OTKJ/IIOYEH U 6y,ZLyT HCIIOJIB30BaTHCA OIITUMU3UPOBaHHbIE 3HAYEHUA N3 BCTAaBJIEHHOT'O YpaBHEHMA.

BbI MO2keTE M3MEHUTH KOMYIECTBO (BUTYD, MOKA3aAHHBIX JjIsl ONTHMUI3NPOBAHHBIX 3HAYEHUT B JUAJIOTe OIITH-
MU3aIUH, MEIKHYB TPABON KHOIIKOM MBIIIN Ha ‘HAYaJIbHOM’ 3ar0JIOBKE TaOJ/IMITHI U BHIOpAB MEHIO “ YcTaHO-
BUTb TOYHOCTH , KAK MOKA3aHO HA CJIELYIONIEM PUCYHKE.
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Edit Optimization Properties

General Algorithm Variables

Name| active | initigt—L—min_|_ma
! - Set precision
L3 yes |3 QSém

C3 |yes | 6.52e-11 50e-12 |80e-12
c2 yes | 3.04e-13 300e-15 340e-15 linear double
L2 |yes |8.4e-08 60e-9
L1 yes | 4.31e-10 350e-12 450e-12 linear double

Goals I

x|

Type |

100e-9

12 linear double

lingar double

linear double

C1 yes | 5.82e-11 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

Puc. 10 - zmenenne TounocTi 0T00OparkaeMbIX IEPEMEHHBIX.
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[naBa 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 Ques simulation results from a dataset file: loadQuesVariable()
and loadQuesDataset(). Please use the help function in the Octave command line to learn more about them
(i.e. type help loadQucsVariable and help loadQuecsDataset).

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.

23
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[naBa 5

KpaTkoe onucaHue aeicTseunii

5.1 [eiicTBunsa obuiero Ha3Ha4vyeHuUs

(efcTBYIOT BO BCEX PEKMMAX )

KOJIECO MBITITN IIpokpyunBaer 06/1aCTh PUCOBAHUS TIO0 BepTUKAIU. MOKHO TaK»Ke
[IPOKPYYMBATH 38 IIPeJIeJIbl TEKYIIEro pasMepa.

KOJIECO MBIIIN + KJIABUIIIA IIpokpyunBaer obiacTs prcoBaHus Mo Topu3oHTa . MOXKHO Tak»ke

Shift [IPOKPYYHUBATH 33 IIPEJIEJIbl TEKYIIEro pa3Mepa.

KOJIECO MBIIIN + KJIABUIIIA VBemunBaeT win yMEHbITAaeT MaciTad 00JIacTi PUCOBAHUS.

Ctrl

neperackuBanue aiijia B IIerTaercss OTKpbITH pailyl Kak cxemy Qucs Wiin Kak JIOKYMEHT II0Ka3a

JIOKYMEHTHYIO 00J1acThb JIAHHBIX.

5.2 Pexum “Bbigenervns”

(Memro: ITpaska->BoiennTs)
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JieBasl KHOIIKA MBI | BBIJeJssieT 3JIeMeHT, HaXOSINIUICs Mo KypCcopoM Mblmnu. Ecim tam
PACIIOJIO’KEHO HECKOJIBKO KOMIIOHEHTOB, TO MOYXKHO HaXKMMAaTh Ha KHOIIKY
HECKOJIBKO pa3, YTOOBI BEIOpATh HYKHBIN./leprka 3Ty KHOIKY MBIIIN HAXKATOM,
MOYKHO TIEPEMEIATH KOMIIOHEHT, HAXOANIUICS 10JT KYPCOPOM MBIIIH, U BCE
BbIJIeJIEHHBIE KOMIIOHEHTHI. EC/In Hy?KHO TOYHO Pa3MeCTUTh KOMITOHEHTHI,
naxxmure pu gasukennn kiasuiny CTRL, u cerka 6ymer orkiovuena.Ecim
JiepKaTh KHOIKY MBIIIN HAXKaTol 6€3 KaKuX-Iubo 3JIEMEHTOB II0J KYpCOPOM, TO
[TOJTy IUTCsl TPAMOYTOJIbHUK. [locsie oTIyCcKaHust KHOIIKY MBIIIH BCE 9JIEMEHTHI,
HAXO/ISAIIIUECsT BHYTPU 9TOTO MIPSIMOYTOJIbHUKA, OyIyT BbIIeaeHBL. Pazmepnt
BBIJIEJIEHHOM TMarpaMMbl UJIH PUCYHKA MOTYT OBITh M3MEHEHBI, eCJIN HAXKATD
JIEBYTO KHOIIKY MBIIIHA HAJI OJIHAM U3 YIVIOB U JIBUTATH KypPCOD, Jep:Ka KHOIKY
Ha.)KaTOfI.EC.HH Ha>XaTb KHOIIKY MBbIIIN Ha TEKCTe KOMIIOHEHTa, TO €ro MOKHO
HEITOCPEJICTBEHHO pelakTupoBaTh. Harkarue kiapuimmu Enter mepeBogut K
caeyiomeMy cBoficTBy. Ecm 9T0 CBOWCTBO sIBJISIETCS CIIMCKOM BBIOOpA, TO €ro
MOKHO U3MEHHUTD TOJIBKO € IIOMOINBIO KJIABUII YIPABJICHUs KyPCOPOM (CTpesIKu
BBepx,/BHU3).Ec/n HaxkaTh KHONKY MBIIIM HA y3Ji€ LEld, TO IPOU30HIeT BXOH B
“pexKuM TPOBOIHUKA .

JiIeBasd KHOIIKa MBI IlozBosier BBIJICJIUTD bostee OZHOI'O dJIEeMEHTa, TO €CTb, BblACJICHNEe OJHOI'O

-+ KJjiaBHIIa Ctrl 9JIEMEHTa HE CHUMAET BBIACJICHUA C IPYTUX. Haxkarne kaonku Ha BBIJICJICHHOM
QJIEMEHTE IIPUBOAUT K CHATUIO BBIJACJICHUA. ror PEKUM TaK2Ke IIPpUTroJdeH JIJId
BbLIeJIEHN C IIOMOIIBIO ITPAMOYT'OJIbHUKaA (CM. IIpGLLbIILLyIH,I/II‘/JI IIyHKT).

IpaBas KHOIIKa Haxkatwme kHONKM HA TPOBOIHUKE BBIIE/IAET OIHY IPAMYIO JUHUIO, a HE BECh
MBIIIN IIPOBO/THUK.

JBOMHOE HaKaTHe OTKpbIBaeT AUAIOr PEIAKTUPOBAHKS CBOMCTB 3/1eMEeHTa (METKU ITPOBOJIHUKOB,
IIPaBOil KHOIIKU napaMeTpbl KOMIIOHEHTOB U T.JI.).

MBIIIHN

5.3 Pexum “BcraBka komnoHeHTa”

(HakmuTe Ha KOMIIOHEHT/JarpaMMy B JI€BOI 061acTh)

JieBasl KHOIIKA MBIITH IlomecTnTh HOBBIN IKIEMILITP KOMIIOHEHTA HA CXEMY.
npasast KHONKa Mbimu | Bpamars kommonent. (He nmeficrByer Ha jamarpamMel. )

5.4 Pexum “lNMpoBogHuk’”

7

(Menro: Beraska->IIpoBoHuK)

JiIeBasd KHOIIKa MBIIITHN YcranasiausaeT Ha‘IaJII)HyIO/KOHe‘IHyIO TOYKY IIPOBOJHUKA.

paBasi KHOIKA, MBIIITH V3MeHsieT HanpaB/ieHne n3ruba IPOBOJHUKA (CIIEPBa HAJIEBO/HAIIPABO
WM CIIepBa BBEPX/BHU3).

JBOITHOE HarkaTue MPaBoil 3akaHYNBaET IPOBOJHUK, He HAXOJSICH HA IIPOBOIHUKE UJIU BHIBOJIE.
KHOIIKH MBI
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5.5 Pexum “Bcraska”’

T

L

(Memto: ITpaska->Bcrasuts)

JleBasl KHOIKA MBIIII IomecTuTs 31eMeHTh Ha cxemy (u3 6ydepa obmena).
IIpaBasl KHOIIKa MBI | BparaTh 3/1eMeHTHI.

5.6 Mbiwb Bo Bknagke “Copepr>xkaHue’”

|"ﬁ|lﬂ1]F.’?,I|§|1_.,‘_‘?l~Zl

MNpoekTol | CopepxaHne | Komr

CopepxaHue '‘proba’ lNMpumey

Z-CxeMbl
~firat arh 1-nanTAl
HaXKaTue JIeBOI KHOIKU Brigensier daitr.
JBoitHOe HaxkaTwe jeBoil kuonku | OTKpbiBaeT daii.
OrobpazkaeT MEHIO C:
OTKPBITh .
. ® OTKDPBITH BBIJICIEHHBII
HAYKaTHe TIPABON KHOITKH .
daitn
113 2
HEPEUMEHOBATD ® U3MEHUTDH UMsl BBLIJEJIEHHO-
ro daitia
“ymaanTn’ .
® VIAJINTH BBIJICJIEHHBII
daiir
“copy file” )
e copy schematic file.
Only file operations
are performed. Dataset
and dispaly settings in
schematic properties are
kept untouched.

5.7 KnaBuaTtypa

Muorue geiicrBust MOTYT OBITH BBI3BAHBI/CIEJAHBI ¢ HOMOIIBIO KJIABUII KJIABHATYDPBI. BbloJHsgeMble Jieii-
CTBUS MOSICHSIOTCS B CTPOKE CTaTyca IIPU BIOOPE KOMAHIbI 3 TJIABHOTO MeHI0. HekoTopbie JTOmoTHUTEe IbHbIE
KOMAH/Ibl, BBIIIOJHAEMbIE C TIOMONIBIO KJIABUII, IPUBOJIATCS B CJIEIYIONIEM CIIUCKE:
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“Delete” nun ViaisieT BbIIE/IeHHBIE 3JIEMEHTHI WM BXOJIUT B PEKUM VIAJICHUSI, €CJIM HU OTUH

“Backspace” 3JIEMEHT He BbIJIEJIEH.

Kaasumm co M3mensaoT mosokeHne BbIIEIEHHBIX MapKepoB Ha rpadukax.Ecan nn oqun

CTPEJIKAMHE MapKep He BbIJIEJIeH, [IePEeMEIaoT BblIeJIeHHbIe deMenThl. Ecin uu onun

BJICBO/ BIIPABO 9JIEMEHT HE BBIJIeJIEH, IPOKPYYIUBAIOT 00JIACTh JIOKYMEHTA.

Knasummu co M3mensoT mosoykeHne BbIIEIEHHBIX MAPKEPOB HA MHOTOMEPHBIX rpadurax.Kemm

CTpEeJIKAMU HU OJINH MapKep He BBIJEJIeH, MePEMEIAlOT BhIJeIeHHbIe djieMeHThl. Kcm o

BBEPX /BHU3 OJINH 3JIEMEHT He BBIJIeJIeH, TPOKPYUINBAIOT O0JACTh JJOKyMEHTA.

Knasuma Tab IepexoauT K CIAYIOMEMY OTKPBITOMY JIOKYMEHTBI (B COOTBETCTBHE CO
BKJIATKAMH ).

28
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[naBa 6

PaboTa ¢ nogcxemamu

TToacxembr UCTIOMB3YIOTCsT, ITOOBI BHECTH OOJIBIIYIO SICHOCTDH B CXEMY. DTO OY€HBb IOJE€3HO B OOJIBIINX CXEMAX
WK B CXeMaX, B KOTOPBIX KAKON-JIMO0 GJIOK KOMIIOHEHTOB IOSIBJISIETCST HECKOJILKO Pas.

B Qucs kaxkgas cxema, copeprKalnasi BBIBOJL TIOJCXEMBI, sIBJISIETCs TOACXeMON. BBIBOJI TIOJCXEMBI MOXKHO I10-
JIYYUTH ¢ MOMOIIBIO MAHEJd HHCTPYMEHTOB, CIIUCKa KOMIIOHEHTOB (B JIUCKPETHBIX KOMIIOHEHTAX) MU MEHIO
(Beraska->BceraBurh BbIBOA). Tociie TOro, Kak BCTABJIEHBI BCE BBIBOJbI IIOACXEMbI (HAIIPUMED, JBa), HY2KHO
coxpanuThb nozcxemy (manpumep, Haxkas CTRL-S). Eciau mocMorpers B IPOCMOTD COAEPXKUMOTO MPOEKTA,
(puc. 1), MOXKHO yBHIETH, YTO Telepb CIPaBa OT MMEHU CXeMbl cTouT “2-noproseiii” (croaber “IIpumeda-
HEe”). DTa MOMETKA eCTh y BCEX JIOKYMEHTOB, KOTODBIE SIBJISIOTCS MOJCXeMaMu. Teneps mepeiiinTe B cxemy,
rJie BBl X0TUTE HCIIOIB30BATE ITY MOACXEMY. 3aTeM HAXKMUTE Ha UMsl OJCXeMBI (B IIPOCMOTPE COJEPXKIMOIO).
CHoBa Boiijs B 00/1aCTh JOKYMEHTOB, BbI BUUTE, YTO TENEPh MOXKHO IIOMECTUTH IMOJICXEMY B TJIABHYIO CXEMY.
CrenaiiTe Tak 1 3aKOHIUTE CXeMy. Tenepb MOYKHO BBITOJTHUTD MOjenpoBanue. Pe3yabrar Oyaer Takoii ke,
KaK eCJiu Obl BCe KOMIIOHEHTBI MOJICXEMbI OBLIN TOMEIEHBI HETIOCPEICTBEHHO Ha CXEMY.
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Qucs 0.0.9- NIpoekT: proba

Dann [paska Bcraeka [lpoekr WHcTpymeHnTel Mopenwposanme Bwug Chnpaska

1D@BMOA 4 HID A+ AQAKK
R EHOHQIESF/ REL-GY N

‘bl | CopgepxaHue |KomnoHeHTel [ *| *| | sub_example.sch & 6es HazBaHUs

T

R e

CopepxaHwe "probal NpuMmeyaHme

T

2" Cxembl
sut:n_exampl... 2-NopPTOBbIA e

11 rst.sch 1-nopToBbLIA

T

~and.sch N e

~VHDL .. .. BUBT.

Type=sub'_ex'amhle.s'ch '

+-OKHa NpocMoTp...

’:'"Haﬁﬂpbl OaHHbIX

[4]

4 e

- Opvrue :
Opy | B

HET HPEHFHP-E)KHEHHFI 0:0

Puc. 1 - Tlomyuenune mocryma K moicxeme

Eciin BoiGpaTh KOMIIOHEHT-TIOJCXeMy (HAyKaB Ha ee 0DO3HAYEHHE B CXEMe), TO MOXKHO BONTH B IIOJCXEMY,
naxas CTRL-I (komeuno, sta dbyHKINS JTOCTYIHA [Uepe3 MAaHe b MHCTPYMEHTOB U 1epe3 MeH0). MoxkHO
BepHyThes, HaxkaB CTRL-H.

Ecan Bam me HpapuTcst ob0o3HaUeHne KOMIIOHEHTa MOACXEMBI, TO BBl MOXKeTe HaphcOBaTh CBOE COOCTBEHHOE
U TIOMECTUTH TEKCT KOMIIOHEHTa TyAa, rae Bam mpasurcsa. IIpocTo crmemnaiite cxemy MOICXEMBI TEKYITUM
JOKyMeHTOM u mepeiinure K Mento: Paiti->3menurs obosnadenune cxembl. Eciau Ber yke #e HapucoBasm
obo3HaUeHne JJIsI 9TOW CXEeMBI, TO ABTOMATHIECKH OyJIeT CO3/AHO IIPOCTOe 0DO3HAUEHNE. DTO 0OO3HAUCHIE
MOXKHO PEJIAKTHPOBATH, pucys quHun u jnyru. [locse 3aBepiiennsi, coxpauuTe ero. Temnepb MOMECTUTE €ro Ha
JPYTyIo cxeMmy, U BOT y Bac HOBoe obo3HavUeHUeE.

Kak u y Bcex npyrux KOMIIOHEHTOB, y MOICXEM MOTYT ObITh mapameTphl. [ljist co3mannst cBOUX COOCTBEHHBIX
rmapaMeTrpoB, BEDHATECH B PEIAKTOP, I'Ze Bbl PEIAKTHPOBAJIN ODO3HAYEHUE ITOJICXEMBI, M JIBAXK/IBI HAYKMI-
Te JIEBYIO KHOIIKYy Ha TeKCcTe napamerpa mozcxembl. [logsurcs nuasiorosoe okHO, B KOTOpoM Bbl MoxKeTe
3al0/THUTH MTapaMeTPhl HAYAJIbHBIMU 3HaUYeHusIMu 1 onncanusmu. Korga Ber 310 3akoHInTE, 3aKpoiiTe aua-
JIOTOBOE OKHO M COXPaHHTe TojicxeMy. Besie, riie BcTaBseTcs MojcxeMa, Y Hee eCThb 9TH HOBbIE TapaMeTPHhI,
U UX MOXKHO PEeJJaKTUPOBATh TaK 2Ke, KaK U BO BCEX JPYIMX KOMIIOHEHTAX.

6.1 Subcircuits with Parameters

A simple example using subcircuits with parameters and equations is provided here.

Create a subcircuit:
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CozaiiTe HOBBII IIPOEKT
New schematic (for subcircuit)

JobaBuTh pe3uCTOp, KATYIIKY WHIYKTUBHOCTH, KOH/IEHCATOD, COENHUTE UX ITOC/IEI0OBATEILHO, T00ABb-
Te JBa IIOPTa

Coxpanure nojcxemy kak RLC.sch

Give value of resistor as ‘R1’

Hobasbre ypasuenue ‘ind = L1°,

Give value of inductor as ‘ind’

Give value of capacitor as ‘C1’

CoxpaHuThb

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)
Coxpannre 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
— R1=1
— L1=100e-3
— C1=10e-6
MonenuposaThb
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 31
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[naBa 7

BbicTpbIii cTapT B LMPOBOM MOAENNPOBAHNN

Qucs - 310 TakkKe rpadudeckuit mHTEPdENC MOTH30BATENA I BBIMOTHEHUS TH(MPOBOTO MOIACTHPOBAHUS.
DTOT JOKYMEHT BKPATIE OIUCHIBAELT, KAK JJIs 9TOIO TOJB30BaThCs (Qucs.

For digital simulations Ques uses the FreeHDL program (http://www.freehdl.seul.org). So the FreeHDL
package as well as the GNU C++ compiler must be installed on the computer.

There is no big difference in running an analog or a digital simulation. So having read the Getting Started
for analog simulations, it is now easy to get a digital simulation work. Let us compute the truth table of
a simple logical AND cell. Select the digital components in the combobox of the components tab on the
left-hand side and build the circuit shown in figure 1. The digital simulation block can be found among the
other simulation blocks.

Iudpossie ncrounuku S1 u S2 moaKITOYEHBI KO BXOHaM, y3es ¢ MeTkoit Qutput siBiisiercs: Bixomom. [locite
BBITTOJTHEHUST MOJICJTMPOBAHNS OTKPBIBAETCS CTPAHUIA TIOKa3a JTaHHbIX. [loMecTuTe Ha Hee JuarpamMmy Tabsm-
112 ICTUHHOCTH U BcTaBbre nepemennyio Output. Temeps noka3biBaeTcst TabInIa KICTUHHOCTH JBYX-BXOIOBOTO
snemenTta . Ilozapasienust, nepBoe nudpoBoe MOIEINPOBAHNE CJEIaHO!
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Qucs 0.0.9- MpoekT: proba

@ann [lpaska Bceraeka [lpoekt WHeTpymenTsl MogenwpoBanwe Bwn Cnpaska
T2 =mRPOa & 1A AARG
NEHN VS F/ REL-@RAY R

‘bl | CopepxaHwe | KomnoHeHTbl | | * < and.sch

e | s

L POBLIE KOMMOHEHTbI 4 e
(- > I P | I ) S—
uucpposoe 7
uMdpposon  WMHeepTop o g1 Output
Z MopnennpoBaHue | - - - I
WNCTOYHMEK Num=1 n
B s | Digit
N-BXx0L0BOE N-BXOOOBOE TypefTrluth.Ta_blg Y1

A HE-MNK S ®—_
s2-
I 1>

Mum=2
N-BX000BOE N-BXOO0OBOE I
i1 HE-

j@—ﬂ (] s | [+]

HET NpenynpexaeHni 0 : 0

[<]

[
4
-

Puc. 1 - T'maBuoe okno Qucs

Tabiuia UCTUHHOCTY - HE €IMHCTBEHHBIN BUJT MOJIETNPOBAHNS, KOTOPBIA MOXKET BBITOJHATH Qucs. Bo3moxk-
HO TaK»Ke IOJATh B CXEMY CJIyYalHBIIl CUTHAJ U HOCMOTPETH BBIXOJHON CHTHAJI BO BPEMEHHOI JMarpaMmMe.
Yro06BI 9TO clenaTh, HYyKHO U3MEHUTH mapameTp Type 0j0ka MomenupoBanust Ha Timelist u B ciemyromem
rmapaMerpe Hy>KHO BBECTH IIPOIOJIKATEJHFHOCTh MOJIEJIUPOBAHUS. 1erepsb y IMu(POBBIX UCTOYHUKOB JPYTOi
CMBICJI: OHA MOT'YT BBIJABATH CIYyJAfHYIO HMOCIEI0BATEFHOCTh OUTOB, /I 9€r0 UM HYKHO 33JaTh MEPBbI
6uT (HU3KWI MM BBICOKHI) U CIMCOK MOMEHTOB BPEMEHH CJieJyiomeii cMeHbl cocrosHust. Obparure BHUMA-
HUE, 9TO 3TOT CIIMCOK MOBTOPSIETCSI 1TOCJIe KOHIIA. [109TOMYy, 9TOObI IOy 9UTh TAKTOBBIE HMITYJIHCHI C IaCTOTOMN
1 I'T't m ckBakHOCTBIO 1:1, B 3TOM cIucke JOJ>KHO ObITh 3amucano: 0.5ns; 0.5ns.

st orobpazkeHus: pe3yIbTATOB 3TOrO TUIA MOJIEJIMPOBAHUSI €CTh BpeMeHHA sl Tuarpamma. B Hell pe3ysibraTs
BCEX BBIXOIHBIX CUTHAJIOB MOTYT OBITH N300pazKeHbI IIOCTPOYHO B OJHON Auarpamme. Tak 9To yCIeXoB B 3TOM
Jere...

7.1 ®annosbin komnoHent VHDL

Boutee cioxubie u Gosiee yHUBEpCAJIbHBIE BHILI MOJIEIUPOBAHUSI MOTYT OBITH BBIIIOJHEHBI C IIOMOIIBIO KOM-
nonenTa “daiin VHDL”. 9T0T KOMIOHEHT MOXKeT OBbITh B3AT U3 CIIUCKA KOMIOHEHTOB (paszen “rudpoBbie
kommnonenTer”). Tem He Menee, pekoMenyercs cieayionmii croco6: daist VHDL 1 oszken 6bITh B cocraBe
IpOEKTa. 3aTeM MepeinTe B IPOCMOTP COJIEPXKUMOTO TIPOEKTa 1 HaXKMUTE Ha uMst (baitia. Boitas B obiacts
IIOCTPOEHNUs cxeM, rnomecture Komronent VHDL.

34 Fnaea 7. BbicTpbiii cTtapT B uncdposom MmoaenvmposaHuu



Qucs Help Documentation, Bbinyck 0.0.19

Tlocnenauit 06bekTHBIN 010K B daitne VHDL onpenenser uarepdeiic, To eCTh 371€Ch JOMKHBI ObITH 00bsIB-
JIEHBI BCE BXOJ[HBbIE U BBIXOJHBIE BBIBOJbI. DTHU BBIBOJbI IOKA3BIBAIOTCS TAKYKe HA CXEMHOM ODO3HAYEHWH U
MOI'YT OBITH COEJIMHEHBI C OCTAJIbHOI cxeMoii. Bo Bpemst MomempoBanus ucxomabiit Ko, dgaitiza VHDL mome-
maercst B VHDL-daitn Bepxaero ypoBHsi. 9TO ceayeT yIUThIBATD, MOCKOJIbKY 9TO TPUBOIUT K HEKOTOPBIM
orpaunnvenusMm. Hanpumep, umena oobekroB B VHDL-daitsie 10/KHBI OTIMYIATHCA OT UMEH, YK€ JTAHHBIX
nozcxemaM. (ITocse MozempoBanus IOJIHBIA UCXOMHBIA KO MOXKHO yBHIeTh, Haxkas F6. [losb3yiirech s1mM,
9TOGBI IPOYYBCTBOBATD IIPOIIELYDY. )
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[naBa 8

KpaTkoe onncaHne MaTemMaTU4eCcKnx yHKLMiA

B ypaBrenusx Qucs MOryT mpuMeHSTHCsI Ceayomnue oneparuu u pyHkiun. [lonpobnoe onucanne cMoTpuTe
B “CrpaBo4HOM DPYKOBOJCTBE 110 BbipazkenusiM”. [lapameTpsl B KBagpaTHbIX CKOOKax “[|” Heobs3aTebHbI.

8.1 OnepaTopeol

8.1.1 ApudmeTuyeckue onepaTtopbl
+x VHapHBI 1LTI0C
-X VHapHBIT MUHYC
x+y | Cuioxxenune
x-y | Borauranue
x*y | YMHOXeHne
x/y | Henenne
x%y | OcraTok oT jeseHus
x"y | BosBeuenne B crenenn
8.1.2 Jlornyeckne onepaTtopbl
1x Orpunanne
x&&y n
x|y | WINK
X~y Uckmovatomiee NJIN
x?y:z | CoxparieHue Jjist YCIOBHOTO BbipakeHnus - if x then y else z
x==y Pagmo
x!=y He pasno
x<y Mesmbire
x<=y Mesbire mim paBHO
x>y Bourbire
x>=y Bomabme nmu pasHO

37
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8.2 MaTtemaTunyeckmne pyHkKUUN

8.2.1 BekTopbl n maTpuubl: co3gaHue

eye(n) Co3zmaeT eIMHIYHYIO0 MATPHUILY N X 1

length(y) Bosspairaer iy BeKTOpa y

linspace(from, BermecTBeHHBINT BEKTOD € N JIMHEHHO PACCTABICHHBIMUA KOMIIOHEHTAMH MEXKLy
to,n) from u to

logspace(from, BermecTBenubIit BEKTOp ¢ n JIOrapupMIIECKN PACCTaBICHHBIMA KOMIOHEHTAMUI
to,n) Mexxty from m to

8.2.2 BekToOpbl 1 MaTpuULbl: OCHOBHble MaTpUYHble PYHKLMUN

adjoint (x) CoupsizkeHHast ¢ X Marpuia (TPaHCIOHUPOBAHHAS U KOMIIJIEKCHO-COIIPSIZKEHHAS )
det (x) JeTepMUHAHT MATPUIIBI X

inverse(x) WuBepcust MaTpuIbr X

transpose(x) | Tpaucnonuposannas Marpuna Jjist X (CTOJIOBI U CTPOKKM MEHAIOTCS MECTAMH )

8.2.3 dnemeHTapHble MaTeMaTnyeckne yHKLUNN: OCHOBHbIE BeLLEeCTBEHHbIE N KOM-
niaekcHble pyHKLUN

abs (x) AGcosroTHOE 3HAaYEeHNe, MOJLYJIb KOMILIEKCHOI'O YUCTIa

angle(x) Daz0Bblit yrou (B pajuaHax) KOMILUIEKCHOroO 4ducyia. CuHOHUM arg()
arg(x) Daz0BbIii yroJ (B pajuaHax) KOMILUIEKCHOTO THCIA

conj (x) ConpsizkeHne KOMIIJIEKCHOT'O THCJIA

deg2rad (x) IIpeobpasyer dha3y u3 rpaJiycoB B paJIMaHbl

hypot (x,y) OyHKINS €BKIMI0BOIO PACCTOSTHUS

imag(x) Muumast 9acTh KOMILIEKCHOTO YHC/Ia,

mag (x) Mo/tysib KOMILJIEKCHOTO 9HCJIa

norm(x) Ksagpar abcoioTHOrO 3HaYeHUsT BEKTOPA,

phase (x) DazoBblii yrou (B rpajycax) KOMIUIEKCHOIO YHCIIA

polar(m,p) IIpeobpazoBanue MOIAPHBIX KOOPJAUHAT M U P B KOMILIIEKCHOE JHCJIO
rad2deg(x) IIpeobpasyer da3y u3 paanaHoB B IpayChl

real (x) BermecTBennasi 9acTh KOMILJIEKCHOT'O YHUCJTIA,

sign(x) SuakoBasi QyHKIUS

sqr (x) Ksazpar (Bropas cTeneHb) dncia

sqrt (x) Ksasparubiit KopeHb

unwrap(p[,tol[,step]l]) | Passopauusaer yroa p (pasuambl) — 110 yMOJIYaHUIO Step = 2pi, tol = pi

8.2.4 DnemeHTapHble maTemaTuydeckne yHKLUUN: IKCNOHEHUMaNbHble U norapud-
Mudeckme pyHKUUN

exp(x) OKcnoHeHabHast (PYHKIUS ¢ OCHOBAHUEM €
limexp(x) | OrpanudeHHasi IKCIOHEHIIUATbHAS DYHKIHS
logl10(x) JecsiruaHblii JlorapudM

log2(x) JBonumnbrit orapudm

1n(x) Harypasbnbtii jorapudm (ocHoBanme € )
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8.2.5 DnemeHTapHble maTemMaTmyeckme PyHKLUN: TPUTOHOMETPUSA

cos(x) Kocunyc
cosec(x) | Kocekanc
cot (x) Koranrenc
sec(x) Cekanc
sin(x) Cunyc
tan(x) Tanrenc

8.2.6 DnemeHTapHble maTemaTuydeckne pyHKUUN: 0OpaTHbie TPUrOHOMETpUYeckune

cbyHKUUN
arccos(x) Apkkocunyc (u3BecTHBIH TakKe Kak “o0paTHbIil KocuHyc”)
arccosec(x) ApKKocekaHC
arccot (x) ApKKoTaHreHnc
arcsec(x) ApkcekaHc
arcsin(x) Apkcunyc (u3BecTHBI Tak:Ke Kak “obparHblil cunyc”)
arctan(x[,y]) | ApkranreHc (u3BecTHBII Tak»Ke Kak “OOpaTHBIN TaHreHC)

8.2.7 DnemeHTapHble MaTemaTunyeckne pyHkuun: runepbonuyeckne pyHkunm

cosh(x) T'unepbomtaeckuit KOCUHYC
cosech(x) | I'umepbosimueckuii KOceKaHC
coth(x) T'ubepbomraeckuit KOTAHTEHC
sech(x) T'unepbomyecknmii cekanc
sinh(x) T'untepbomaeckuit cumyc
tanh (x) T'unepbosmdeckuii TaHTEHC

8.2.8 JnemeHTapHble MaTemaTudeckune yHKUMKN: obpaTHble runepbonnyeckne
dbyHKUUN
arcosh(x) IM'mnepbosmdecknii apeakoCHHYC
arcosech(x) | I'mmepbosmyeckumit apeakoceKaHc
arcoth(x) lunepbosmdeckuii apeakOTaHINE€HC
arsech(x) lMunepbonmaeckunit apeacekanc
arsinh(x) lMunepbosmaeckuii apeacuHyc
artanh (x) IM'umrepbonmyeckuit apeaTaHreHc
8.2.9 DnemeHTapHble MaTemMaTnyeckme (hyHKLUN: OKpYrieHue
ceil(x) Oxpyrienne 10 O/mKafITero 6OIBIIETO MEeJI0ro
fix(x) OrbpackiBaHue JIECITUYHBIX Pa3PsiOB BEIIECTBEHHOIO YUCIA
floor(x) | Okpyrienne 0 OIUKAUIIETO MEHBIIETO IIEJIOTO
round(x) | OkpyrieHue j10 OJIUMKAMIIETO 11€JI0T0
8.2. Marematunuyeckue cyHkLUN 39
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8.2.10 DnemeHTapHble MaTeMaTnyeckme pyHKUUU: cneymnasnbHble MaTeMaTuyeckune
dbyHKUUN

besseliO(x)

Momndunuposannas dyHKIua Beccess HYI€BOTO MOPsIKa

besselj(n,x)

Oyukius Beccesrst mepBoro poma u n-ro mopsiaKa

bessely(n,x)

Oyuknust Beccesst BToporo poja u n-ro mopsijika

erf(x)

DyHKIHIS OIMTUOKT

erfc(x) Komriummmenrapuast GpyHKIUsT OMuOKu
erfinv(x) ObparHast HOYHKIUST OMTUOKN

erfcinv(x) O6paTrHast KOMIIUMEHTApHAsT (DYHKITMH OIIMUOKN
sinc(x) Sinc-bynknus (sin(x)/x wim 1 opu x = 0)
step(x) Tarosas dyukIims

8.2.11 AHanun3 paHHbIX: OCHOBbI CTAaTUCTUKU

avg(x[, CpejiHee 3HaYeHNE BEKTOPa X. Ec/u 3a/aH JUala30H, TO B X JIOJ2KHA ObITh OJIHO3HAYHAS
range]) 3aBUCUMOCTD JAHHBIX

cumavg (x) HakommrenbHoe cpenfee 3/1€MEHTOB BEKTOPA

max (x,y) Boszsparaer 6osibIliee n3 3HaYEHUN X U Y

max(x[, MakcumyM BekTOpa X. Ecan 3a1aH auana3oH, TO B X JIOKHA OBITH OTHO3HATHAST
range]) 3aBUCHUMOCTH JTAHHBIX

min(x,y) Bosppamaer MenbIiee u3 3HaYEHU X U Y

min(x[, MunumyMm BekTOpa x. Eciau 3a/1an auana3oH, TO B X JIOJKHA, OBITH OJTHOZHATHAST
range]) 3aBUCUMOCTD JAHHBIX

rms (x) CpeIHEKBAIPATHIHOE 3HAYEHUE DJIEMEHTOB BEKTOPA

runavg (x) CKoJb3siIee cpegHee 3JIEMEHTOB BEKTOPa

stddev (x) CraHiapTHOE OTKJIOHEHHE 3JIEMEHTOB BEKTOPA

variance(x) | /lucmepcust 3/1eMEHTOB BEKTOpa

random() Ciyuaaitnoe ancio mexy 0.0 u 1.0

srandom(x) VeranapiaupaeT HadaIbLHOE YHUCIO A1 random

8.2.12 AHanun3 paHHbIX: OCHOBHbIE onepayuu

cumprod (x)

Hakonurenbnoe IIpou3BeJIeHEe 3JIEMEHTOB BEKTOPaA

cumsum(x)

Haxkonurensuast CyMMa 3JIEMEHTOB BEKTOpa

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

prod(x)

[Ipoussemenne 3;1eMEHTOB BEKTOPA

sum(x)

CyMMa 3JIEMEHTOB BEKTOpa

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 £

8.2.13 Ananus gatHHbix: anddepeHymnpoBaHne n NHTErpnpoBaHune

ddx (expr,var)

Huddepennupyer MmareMaTndecKoe BBIPAXKEHNE €XPr 110 IIEPEMEHHOI var

diff(y,x[,nl)

HuddepennupoBath BEKTOp y M0 BeKTOpy X n pa3. [lo ymomuanuio n = 1

integrate(x,h)

Yuciaenuo UHTErpupoBaThb BEKTOpP X, CHUTasd, 9YTO pa3Mep Iara h nocrogHubBII
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8.2.14 Ananu3 gaHHbIX: 0OpaboTka curHanos

dft (x) Huckpernoe mnpeobpazosanue Pypbe it BEKTOPa X

fft(x) Brictpoe mpeobpasosanne Pypbe 110 BEKTOPa X

fftshift(x) Shuffles the FFT values of vector x to move DC to the center of the vector
Freq2Time(V, O6parnoe nuckpernoe npeobpazosanune Pypoe dyukuuu V(f) ¢ dbusnyeckoit

£) WHTEpIIpeTaImeit

idft(x) Ob6parHoe guckperHoe mpeobpasoBanne Pypbe 71 BEKTOpa X

ifft(x) O6parHoe 6picTpoe peodpazoBanue Oypbe st BEKTOPA X

kbd(x[,n]) IIpoussomnoe okno Kaitzepa-Beccemns

Time2Freq(v, Huckperroe npeobpazosanne Pypre dyaxmuu v(t) ¢ dusndeckoii naTepnperanueii
t)

8.3 DyHKLUUN N3 INEKTPOHUNKMN

8.3.1 lNpeobpa3zoBaHune eanHUL, N3MepeHus

dB(x) Suagenne B 1b

dbm(x) IIpeobpazoBarh HalpsiKEHUE B MOIIHOCTH B J1BM

dbm2w (x) | IIpeobpazoBaTh MOIMIHOCTHL B JBM B MOIIHOCTD B BATTaX

w2dbm(x) | IlpeobpazoBarh MONIHOCTH B BATTAaX B MOIIHOCTH B J1BM

vt (t) TemmeparypHbBIi TOTEHITNAT /I JAHHON TeMIepaTypsl t B rpagycax KemabBuma

8.3.2 KoadduumneHtbl otpaxxerHns n KCBH

rtoswr (x) IIpeobpasyer koaddurmenT orparkenusi B KOIDOUIMEHT CTOSTIel BOJTHBI 110
nanpsizkenmo (KCBH)

rtoy(x[, IIpeobpasyer KoapduIeHT 0TparKeHusi B IOJHYIO ITPOBOIMMOCTb; 110 YMOTIAHUIO
zref]) zref pasuo 50 Om

rtoz(x[, IIpeobpasyer K03 DUIMEHT OTPaKeHNUs B MOJHOE COIMPOTUBJIEHNE; IO YMOTIAHUIO
zref]) zref pasuo 50 Om

ytor (x[, IIpeobpasyer moIHYIO TPOBOAUMOCTD B KOIMDMUIMEHT OTPANKEHUS]; 10 YMOTIAHUIO
zref]) zref pasuo 50 Om

ztor (x[, IIpeobpasyer nosiHOE conpoTHBeHNE B KOI(DMUIMEHT OTPAYKEHUST; IO YMOJIAHIIO
zref]) zref pasuo 50 Om

8.3.3 N-nopTtoBblie maTpuyiHblie Npeobpa3oBaHus

stos(s,zref[,
z0])

IIpeobpasyer maTpuiry S-tapaMeTpoB B MATPUILY S-TApaMeTpPoB ¢ aApyrum Z0

stoy(s[,zref])

[Ipeobpasyer MaTpuily S-miapaMeTpoB B MaTpPHILy Y-IIapaMeTpoB

stoz(s[,zref])

[Ipeobpaszyer marpuily S-mapamMeTpoB B MATPHUILy Z-TIapaMETPOB

twoport (m,from, IIpeobpasyer aByx-nioproByto marpuily: from u to - sro ‘Y’', ‘Z’, ‘H’, ‘G’, ‘A’, ‘S’
to) u ‘T,
ytos(y[,z0]) [Ipeobpasyer maTpuily Y-mapamMeTpoB B MATPHILY S-IIAPAMETPOB
ytoz(y) IIpeobpasyer maTpuiry Y-mapaMeTpoB B MATPUILY Z-TapaMeTpOB
ztos(z[,z0]) [Ipeobpasyer MaTpuily Z-mrapaMeTpoB B MATPHILY S-TIAPAMETPOB
ztoy(z) IIpeobpasyer maTpuily Z-mapamMerpoB B MaTpuily Y-apaMerpoB
8.3. DPyHKuUM N3 3NEKTPOHUKN 41
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8.3.4 Ycunurtenn

GaCircle(s,Gal,arcs])

Hocrymnubiii K03 DUIMEHT ycuieHnst MOITHOCTH Ga OKPY>KHOCTEH
(MII0CKOCTh MCTOYHMKA,)

GpCircle(s,Gpl,arcs])

OmneparoHHbIH KO3(MDMUIMEHT YCUIeHUsT MOIIHOCTH Gp OKPYZKHOCTEMH
(MII0CKOCTH HAIPY3KN)

Mu(s) Mu - dakTOp yCTOWYNBOCTH ABYXIOPTOBON MATPHIIHI S-TIAPAMETPOB
Mu2(s) Mu’ - dpakTOp yCTOWYMBOCTH JBYXIIOPTOBOI MATPHUILI S-IIapaMETPOB
NoiseCircle(Sopt,Fmin,Rn, OxpyzkHOCTH JuarpamMmbl mryma(os) F

F[,Arcs])

PlotVs(data,dep) Boszsparaer nannbie, BoiOpanHabie u3 data: 3aBUCHMOCTb dep
Rollet(s) QaxTop ycroitamBocTr Positera mjis ByXIOPTOBON MATPHUIIBI

S-mmapameTpoB

StabCircleL(s[,arcs])

OKpYy?KHOCTBH YCTONYNBOCTU B IJIOCKOCTH HATDPY3KHU

StabCircleS(s[,arcs])

Opr}KHOCTb yCTOﬁ‘{HBOCTH B IIJIOCKOCTH HUCTOYHHKA

StabFactor(s)

DaKTOp YyCTONINBOCTU JABYXIIOPTOBOM MATPHUIIBI S-ITaPAMETPOB

StabMeasure(s)

Mepa ycroitunoctu Bl nByXImmopToBoil MATPHUILI S-TIapaMeTPOB

8.4 Homenknatypa

8.4.1 NuTepBanbi

LO:HI | Unarepsaa or LO mo HI

:HI Briors 10 HI

LO: Or LO

: Her orpanuuenuit marepsaJa

8.4.2 MaTpuubl n anemeHTbl MaTpuL,

M Besa marpuna M

M[2,3]

DJIEMEHT, HAXOAAIMUNCS BO 2-M psifty u 3-M cToJiOre Marpuiibl M

M[:,3]

BekTop, coctosituit u3 3-ro crosbia Marpuiibl M

8.4.3 HenocpeacTtBeHHO

2.5 Bemecrsennoe guciao
1.4+j5.1 Komnnekcroe unciio
[1,3,5,7] BekTop
[11,12;21,22] | Marpuma
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8.4.4 llpuctaBku K egnHuLam

IKca, le+18

mera, le+15

Tepa, le+12

rura, le+9

mera, le+6

Kuio, le+3

MuH, le-3

MHKPO, le-6

HaHO, le-9

ko, le-12

dewmro, le-15

P |B|e|B|IWI=IQ A DM

arTo, le-18

8.4.5 HasBaHusa senunuuH

S[1,1] 3uadenne S-mapamMeTpa

nodename.V Hamnpsizkenne mocrosinHOro ToKa B y3se nodename

name.I [TocTosmHubI TOK T€pe3 KOMIIOHEHT name

nodename.v Ilepemennoe namnpsizkenne B y3se nodename

name.i [Tepemenubiit TOK T€pe3 KOMIIOHEHT Name

nodename.vn | IllymMoBoe HalpsKeHHe IIEPEMEHHOTO TOKa B y3Jie nodename
name.in IITymoBoit mepemMeHHbIN TOK Te€pe3 KOMIIOHEHT name
nodename.Vt | IlepexojHoe nanpsizkenue B y3je nodename

name.It Tlepexommoit TOK depe3 KOMIOHEHT name

IIpumeuanne: Bee Hanpsizkennsi u TOKu - nukosble 3nadenust. [Ipumeuanne: [Ilymosbie manpsizkenns - CK3
3HaveHus B moJjioce yacror 1 Hz.

8.5 KoHcTaHTbl

i, j | Munmas eqununa (“KBajgpaTHblii KOpeHb u3 -17)
pi 4*arctan(1) = 3.14159...

e e = 2.71828...
kB Iocrostnnast Boabimana = 1.38065e-23 JIxx /K
q DnemenTapubiit 3aps = 1.6021765e-19 Ku

8.5. KoHcraHTsl
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I_Iepequb cneynmanbHbIX CMMBOJIOB

B kommonenTe “TekcT” 1 B TeKcTe METOK OCeil ararpamMM MOKHO HMCIIOJb30BATE CIIEIHAIBHBIE CUMBOJIBI. JTO

nenaercs ¢ nomornbio TroB LaTeX. B caemyiormeit Tabnie TpuBOANTCA TEPEIEHb CUMBOJIOB, MMEIOIINXCS B
HAaCTOsIIIlee BPEMSI.

IMpumeuanue: [IpasuibHoe 0TOOPasKEHNE ITUX CUMBOJIOB 3aBUCUT OT MIpUdTa, ucrmosb3yemoro Ques!

Crpounblie rpedecKkue GyKBbI
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Tsr LaTeX | IOnukon | Onucanue
\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 0x03CO0 | 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
ITponucHbie rpedeckue GyKBbBI
Tsr LaTeX | HOuukon | Onucanue
\Gamma 0x0393 Gamma
\Delta 0x0394 Delta
\Theta 0x0398 Theta
\Lambda 0x039B Lambda
\Xi 0x039E Xi
\Pi 0x03A0 Pi
\Sigma 0x03A3 | Sigma
\Upsilon 0x03A5 | Upsilon
\Phi 0x03A6 Phi
\Psi 0x03AS8 Psi
\Omega 0x03A9 | Omega

MaremaTrnyeckue CUMBOJIBI
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Tsr LaTeX IOnukon | Onncanue

\cdot 0x00B7 3HAK YMHOXKEHHsI - TOYKa (eHTPUPOBAHHAS TOYKA)
\times 0x00D7 | 3HaK yMHOXKEHUs - KPECTUK

\pm 0x00B1 | 3Hak miroCc MUHYC

\mp 0x2213 3HAK MUHYC ILJIIOC

\partial 0x2202 3HAK 9aCTHOrO JuddepeHIImpOBaHus

\nabla 0x2207 HabJ1a-0IIepPaToOp

\infty 0x221E 3HaK OECKOHEYHOCTHU

\int 0x222B 3HAK UHTErpaJia

\approx 0x2248 CHMBOJI IPHOJIMKEHNs (BOJHUCTLIH 3HAK PABEHCTBA)
\neq 0x2260 3HaK He PaBHO

\in 0x220A CHUMBOJI “‘COJIEPKUTCA B”

\leq 0x2264 3HaK MeHbIIIe-paBHO

\geq 0x2265 3HAK OOJIBITIE-DABHO

\sim 0x223C (IeHTpaIbHO-eBPOLIEHCKUTT) 3HAK HPONOPIMOHAIBLHOCTH
\propto 0x221D (aMepuKaHCKuUil) 3HAK [IPOIOPIMOHAIBHOCTI
\diameter 0x00F8 3HaK JuaMerpa (TakzKe 3HAK CPEHEro)

\onehalf 0x00BD | nostoBuna

\onequarter 0x00BC | uerBepTh

\twosuperior 0x00B2 | kBagpar (cremeHs 2)

\threesuperior | 0x00B3 CTeIeHb 3

\ohm 0x03A9 eJIMHUIIA JJTsI CONPOTHBIIEHNsI (IIPOINCHAS TPeYecKasi OMera)
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CornacoBsatue ueneti

Co3smanne corIacoBaHHBIX ITeTeil 9acTo TpebyeTcss B MUKPOBOJIHOBON TexHOJOTHH. (QUCS MOXKET J1e/IaTh 9TO
aBToMarnyecku. HeoOXoquMble Iaru JJjist 9Toro:

BeiosiauTs MosieupoBanue S-rapaMeTpoB, YTOObI PACCUUTATH KOIPMUIIMEHT OTPAYKEHUSI.

BeraBuTh parpaMmy, 9Tobbl okasaTh Koaddurnpent orpaxkenus (to ects, S[1,1] masa mopra 1, S[2,2] s
nopra 2 u T.1.)

TlomecTnTn Ha rpaduk MapKep U ABUTATHCS IMaraMu K Tpebyemoil gacrore.
Hazkarh nIpaByo KHOIIKY MBIIIU Ha MapKepe U BLIOpATh “COrIaCOBaHNE MOIMHOCTY B IIOABUBIIEMCS MEHIO.
paBy y pKep P i

TlostBisteTcst naI0roBoe OKHO, B KOTOPOM MOXKHO HACTPOUTDH 3HAYEHUsI, HAIIPUMED, OMOPHOE MOJTHOE COIIPO-
THUBJIEHIE MOXKeT OBITh BBIOpaHO oTimdatornmMces oT 50 Om.

[Tocme nakaTust Ha KHONKY “CO3/IaTh’ IMPOUCXOIUT BO3BpPAT K CXEMe€, M C TIOMOIIHIO KYypPCOPa MBIIN MOXKET
OBITH BBIOPAHO MECTO JIJIsI BCTABKY COTVIACOBAHHOMU TIEIIN.

JleBasi cTOpOHA COTJIACOBAHHOMW IIENM SIBJISIETCSI BXOJOM, & IIpaBasi CTOPOHA JIOJI?KHA OBbITH IOJICOEIMHEHA K
cxeMe.

Ecim mapkep ykasbiBaeT Ha MEPEMEHHYIO 0/ Ha3BaHueM “Sopt”’, B MEHIO TOSBJISIETCS OIIUS “COrIacOBAHIE
myma”. Obparnre BHUMaHWE, YTO €JIMHCTBEHHBIM OTJIUIHEM OT “COTJIACOBAHUS MOIIHOCTH SIBJISIETCS TO, ITO
GepeTcsi COPsizKEeHHbBI KOMILJIEKCHBIN Ko3dburmenT orparkenusi. [losTomy, eciiu y miepeMeHHOil JIpyTroe uMsl,
COTJIACOBAHME IIyMa MOYKeT ObITh BBIOPAHO ITyTeM MEPEeHACTPONKYN 3HAYEHUN B JUAJIOIOBOM OKHE.

Juanor co3zaHusa COIJIACOBAHUS MOXKET ObITh Tak»Ke BbI3BAH ¢ HOMOINLI0 MeHio (MHeTpyMeHTbI-
> CorJIacoOBaHUe enu) uin ¢ oMo kombunamu Kiaasui (<CTRL-5>). Ho Torga Bce 3HaueHust J0I2KHbI
BBOJIUTHCS BPYUYHYIO.

10.1 CornacoBaHue 4eTbIpexnoJIlOCHUKOB

Ecin uMmst mepeMeHHO B TEKCTe MapKepa sIBJISeTCs S-IMapaMeTPOM, TO CYIIECTBYET BO3MOXKHOCTH OJIHOBPE-
MEHHOI'O COIJIACOBAHUsS BXOJA M BBIXO/A YETHIPEXIIOJIIOCHOMN [eln. JTO paboTaeT O4eHb II0X0XKe Ha BBIIIEOIU-
CaHHBIE IMaru. Pe3ybTaToM sIBJISIOTCS JBE COTJIACOBAHHBIE TEIMN: CAMBIN JIEBBIN y3€JI JIOJKEH COEIMHSITHCS
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c opToM 1, camblit IpaBbIil y3eJI - ¢ IOPTOM 2, a JBa y3Jla B CepeJuHe JOJI?KHBI COeIUHATHCS C YeThIPEXIIO-
JIFOCHUKOM.
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VcTaHoBEHHbIE haiinbl

B cocraB Qucs BXOAAT HECKOJIBKO mporpamM. OHE yCTAHABIMBAIOTCS BO BPEMsl MIPOIECCA MHCTAJIISIIIL
IIyTe, Kyma ycramaBmusaerca Qucs, onpeesnsercs npu ycraHoeke (ckpunrom configure). B ciemyrommx
00'bSICHEHNSIX TIPUHAMAETCS Ty Th 110 ymousrdanuio (/usr/local/).

/usr /local /bin/qucs - rpaduyecknii uarepdeiic

/usr/local /bin/qucsator - cumysaTop (KOHCOIBHOE IPHJIOXKEHHE )

Jusr/local /bin/quesedit - mpocToit TeKCTOBBIN pesakTop

Jusr/local /bin/qucshelp - HeGosbImas porpamMma st 0TOOpasKeHnsl COPABOIHON CUCTEMBI
/usr /local /bin/qucstrans - nporpamMMa jijig pacdera napameTpoB JIMHUN nepenad
Jusr/local /bin/quesfilter - nporpamma cunresa GuabTpos

/usr/local /bin/quecsconv - npeobpazosaress hopMaros dailyioB (KOHCOJBHOE IIPUIIOKEHUE )

Bce mporpaMMbl gBIISIOTCA CAMOCTOSITETBHBIMU ITPUJIO2KEHUSMI U MOTYT OBITH 3aIlyIIEHbI HE3aBUCUMO JIPYT
or apyra. [iaBuag nporpamma (rpadbudeckuii uaredeiic)

BBI3BIBAET UCSAtOr MPU BBIMOTHEHUN MOEINPOBAHUS,

BBIBBIBAET qucsedit, Korja MmoKa3bIBAIOTCST TEKCTOBbBIE (hailibl,

BBI3bIBaEeT qucshelp, Korma moka3bIBaeTCsl CIIPABOYHAST CHCTEMA,

BBI3BIBAET qucstrans mpu BbI30Be 3TOH mporpaMmbl u3 MeHo “UHcTpyMeHTH,
BbI3bIBaeT qucsfilter nmpu BbI30Be 3TOM HporpaMmbl u3 MeH:o “VHcTpyMeHTh”,

BBI3BIBAET (ucsconv, Korja Berapisiercs KomioHeHT SPICE u Korja BBINIOJIHSETCS MOJE/IMPOBAHUE C
ncnoab3oBanneMm Kommonenta SPICE.

ApryMmeHTsl KOMaHIHON CTPOKU

/usr/local /share/qucs/bitmaps - comepKuT Bce pacrpoBble n3o0pazkeHus (3HAYKH U T.J1.)
Jusr/local /share/ques/docs - comepzxur HTML-10KyMeHTBI CIIPABOYHOIN CHCTEMBI

/usr/local/share/qucs/lang - comepkutT daiinbl nepesosIos
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11.1 AprymeHTbl KOMAaHAHOW CTPOKU

qucs [daitnl [baitn2 ...

quesator [-b] -i crmecok _memeit -0 Ha6op _mamubx (b = mosoca mporpecca)
quesedit [-r] [daiin] (r = ToabKo Juist YTeHns)

qucshelp (6e3 aprymenTos)

qucsconv -if spice -of qucs -i netlist.inp -o netlist.net
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Qucs File Formats

This document describes the schematic and library file formats of Qucs.

12.1 Schematic file format

This format is used for schematics (usually with suffix .sch) and for data displays (usually with suffix .dpl).
The following text shows a short example of a schematic file.

<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 "50 Ohm" 1 "26.85" O "european" 0>
<GND * 1 180 180 0 O O 0>
</Components>
<Wires>
<180 100 180 120 "" 0 O O "">
<120 100 180 100 "Input" 170 70 21 "">
</Wires>
<Diagrams>
<Polar 300 250 200 200 1 #c0c0Oc0O 1 00 1 0 1 1 1 0 5 151 0 1 1 315 0 225 "" "" "">
<"acnoise2:5[2,1]1" #0000ff 0 3 0 0 0>
<Mkr 6e+09 118 -195 3 0 0>
</Polar>
</Diagrams>
<Paintings>
<Arrow 210 320 50 -100 20 8 #000000 0 1>
</Paintings>
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B daitire meckonbko pazaenos. Bee onn obbsicusiores nmke. Kaxxpast munus cocTout n3 He 60J1€€ 9eM OJTHOTO
nHMGOPMAIMOHHOTrO 6JI0Ka, HAYMHAIOIIErOCsl 3HAKOM MeHblle (<) M 3aKaHUIMBAIOIIErocsi 3HAKOM 6onbme (>).

12.1.1 Properties

Tlepssriit pasmen naunnaercs ¢ <Properties> u 3akanunBaercsa </Properties>. OH COHEp:KUT CBOMCTBA 0~
KyMeHTa, HaxosIerocs B ¢aitre. Kaxkaas crpoka Heobs3aTenbra. [ogaepKuBaioTcs Clieyolye CBOMNCTBA:

o <View=x1,yl1l,x2,y2,scale,xpos,ypos> COACPXKUT IIOJOXKECHNAE B IIMKCEIaX OKHA CXEMbI (HepBbIe qe-
ThIpE tmcna), ero TekyIuii MacmTab U TeKyIlee IMOJIOYKEeHNe BEPXHEro JIEBOI'O yIJia (JlBa TIOCJIEJTHUX
qHCIIA).

e <Grid=x,y,on> COJEP:KUT IMar CeTKH B IMKCeIaX (IepBble /[Ba UHC/IA) U BKIIOYEHA ceTKa (IocseHee
qpcsio = 1) miI BBIKJIOYeHa (Hocaenee 9ucio = 0).

e <DataSet=name.dat> comep:kuT uMs Qaiiia Habopa JAHHBIX, CBI3aHHOI'O C 9TO CXEMOIA.

e <DataDisplay=name.dpl> comepkuT ums daiiia co cTpaHuIei IpocMoTpa JaHHbIX, CBI3aHHON C 3TOi
cxeMoit (miu ums cxeMHOro (pailyia, eciid 9TOT JOKYMEHT sIBJIFETCS IIPOCMOTPOM JIAHHDBIX).

e <OpenDisplay=yes> comep:KuUT 1, ecii CTpaHUIA IT0OKA3a JAHHBIX OTKPBIBAETCSI aBTOMATHUYIECKHU I10CJIE
MOJIEJINPOBaHUd, B IDOTUBHOM ciydae - 0.

e <Script=name.m> contains the file name of the octave script associated with this schematic.
e <RunScript=0> contains 1 if the octave script is executed after the simulation.

e <showFrame=0> specify if a frame is drawn and if so which size it is. valid values are 0 (do not show a
frame), 1 (A5 landscape), 2 (A5 portrait), 3 (A4 landscape), 4 (A4 portrait), 5 (A3 landscape), 6 (A3
portrait), 7 (letter landscape) and 8 (letter portrait).

o <FrameTextO=NE555 sub-circuit model>, FrameTextl=Draw by: anonymous, FrameText2=Date:
1984, and <FrameText3=Revision: 42> specifiy the texts to be placed into the frame text boxes.

12.1.2 Symbol

DToT paszjesn HadnHaeTcs ¢ <Symbol> um 3akanunBaercs </Symbol>. OH COJEPKHUT JIEMEHThI PUCOBAHUSI,
COCTaBJISIFOIIIE CXeMHOe 0D03HaUYeHue i (aiiga. ITO 0OBIYHO UCIOJIb3YEeTCs TOJIBKO JIJIsi CXEMHBIX (DailjIoB,
KOTOPBIE CIUTAIOTCS TOJCXEMOM.

Refers to “Symbol definition” in the “Shared file format” section at the end of this document.

12.1.3 Components

DTOT paszes HAYNHAECTCS C <Components> m 3akaH4unBaeTcs </Components>. OH CcOAepKUT KOMITOHEHTHI
neneit cxembl. PopMaT CTPOKU:

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

e type (“run’) o3HaYAET KOMIIOHEHT, HApUMED, R 11 pesucropa, C Jid KOHJIEHCATOPA.
e name (“umg”) - yHUKaJIbHOE 0O0O3HAYEHIE KOMIIOHEHTa Ha CXeMe, Hapumep, R1 j1ist 1epBoro pe3ucTopa.

e 1 B 1ose active (“akTUBHBIT’) IOKA3BIBAET, YTO ITOT KOMIOHEHT AKTUBHBI, TO €CTh UCHOJIb3YeTCs B
MoJesnpoBaHuy. 0 IIOKa3bIBAET, YTO OH HEAKTHBHBIIL.

o CJIG,ZLyIOH_(I/Ie JABa IUCIa ABJIAIOTCA X U Y KOOpAUHATaAMU ITEHTPAa KOMIIOHEHTA.
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C.He,ZLyIOHJ,I/Ie JBa YHUCJIa ABJIAIOTCA X W Y KOOpAWMHaTaMM BEPXHEIr'o JIeBOI'O yIJla TEKCTa KOMIIOHEHTa.
OHU OTCYUTBLIBAIOTCA OT eHTpa KOMIIOHEHTA.

Cureyroriue 1Ba 9uc/ia yKa3blBAIOT HA 3ePKAJbHOE 0TOOpazKeHne OTHOCUTEIBHO OcH X (1 - 3epKaibHOe
orobpazkenue, 0 - HET 3ePKAJILHONO OTOOPAYKEHUsI) U BPAIIEHHE [IPOTUB 4acoBoii crpesiku (kparao 90
rpajycam, 10 ectb 0...3).

Canenyromue napaMeTpbl sIBISIOTCA 3HAYEHUSIMEA CBOHCTB KOMIIOHEHTa (B KABBIUKAX), 38 KOTOPBIMU
csiestyer 1, ecim 9TO CBOHCTBO BHIMMO Ha cxeMe (B IPOTHBHOM ciydae 0).

12.1.4 Wires

Dror pazjes HaunHaeTcs ¢ <Wires> u 3akandyuBaercs </Wires>. OH COIEPKUT IPOBOJHUKY (JIEKTPUIECKOE
COoeJIMHEHNe MeKJ1y KOMIIOHEHTAMHU Ieln ), uX MeTKH 1 y3Jbl. Popmar crpoku:

<x1l y1 x2 y2 "label" xlabel ylabel dlabel "node set'">

IlepBbie deTbIipe 4YmCIa ABIIIOTCA KOOPIUHAMAME IIPOBOJHUKA B MMUKCETaX: X-KOOPAMHATA HATAJIHHOMN
TOYKHU, Y-KOOp/IMHATA HAYaJbHON TOYKHUD, X-KOOP/IMHATA KOHEYHON TOYKU U y-KOOP/IMHATA KOHEYHO
Touku. Bee IPOBOMHUKY JOJKHBI OBITH JUO0 MOPU3OHTAJLHBIMU (00€ X-KOOPIUHATHI PABHBI), JUOO
BEPTUKAJIBLHLIMEA (00€ y-KOODJAUHATHI PABHDI).

IlepBast cTrpoka B KaBbI9Kax - uMst MeTku. OHa IIycTast, €CJid MOJIb30BATEb He YCTAHOBUJI METKY Ha
9TOT IIPOBOJIHUK.

CJIB,QyIOHJ,I/Ie JBa 9UCJIa - X- U Y-KOOD/IMHATHI METKHN WJIX HOJIb, €CJIN METKU HE CYIIIECTBYET.

The next number is the distance between the wire starting point and the point where the label is set
on the wire.

HOCJ’IG,HHHE{ CTPOKa B KaBbIIKaX - ITapaMeTPbI eIl IIPOBO/IHUKAa, TO €CTh HavaJIbHOE HallpA2KeHUe y3Jia,
HCIIOJIB3yeMOEe dAJPOM CHUMYJIATOPa JJidd IIOUCKa PEIleHMnd. Ora, CTPOKa IIyCTagd, €CJIi II0JIb30BaTe/Ib He
YCTaHOBUJI ITapaMeTPhI y3Jla IMeUn JJid 3TOr0 IPOBOJHUKA.

12.1.5 Diagrams

Dror pasznen HadnHaercs ¢ <Diagrams> u 3akanumBaercs </Diagrams>. OH COIEPXKUT JUATPAMMBI C UX
rpadukamu n mapkepamu.” The line format is as follows (line break not allowed):

<diatype 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" "[freq Hz;]*">
<"graphvar" color thickness precision numberformat style axisside>
<Mkr x y precision numberformat transparent>

</diatype>

Diagram line format:

The diatype token specifies the type of diagram.

The x and y numbers are the coordinate of lower left corner.

The width and height numbers of diagram boundings.

The grid flags with 1 if grid is on and 0 if grid is off.

The gridColor in 24 bit hexadecimal RGB value, e.g. #FF0000 is red.
The gridstyle is the line style sued of the grid.

12.1.
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e The log has two field to flag which axes have logarithmical scale.
e The xAutoscale, xmin, xstep, xmax configure the x-axis scaling, limits.
e The yAutoscale, ymin, ystep, ymax configure the y-axis scaling, limits.
e The zAutoscale, zmin, zstep, zmax configure the z-axis scaling, limits.
e The xrotate, yrotate, zrotate numbers set the 3D rotation.
e The xlabel, ylabel, zlabel hold the labels used on each axis.
e The list of frequencies "[freq Hz;]*" is used by Phasor and Waveac.
Here is a list of known diagram types:
e Curve for a locus curve diagram.
e Smith for an impedance Smith diagram.
e ySmith for an admittance Smith diagram.
e PS for a mixed polar/smith diagram.
e SP for a upper-half mixed polar/smith diagram.
e Polar for a polar diagram.
e Rect for a 2D-cartesian diagram.
e Rect3D for a 3D-cartesain diagram.
e Tab for a tabular diagram.
e Time for a timing diagram.
e Truth for a truth-table diagram.
e Phasor for a complex phasor diagram.
e Waveac for a wave as temporal diagram.
Graph line format:
e The graphvar specify the variable this graph is plotting for.
e The color, thickness and style refers to the pen used to draw the curve.
e The precision specify the number of digits used when displaying data values.

e The numberformat is an integer that specify how the number are formated (0 for real/imag, 1 for
polar/deg and 2 for polar/rad).

e The axisside is an integer indicating on which side the Y axis should be placed ().
Marker line format:

e The x and y are the location of the marker.

e The precision ...

e The numberformat ...

e The transparent
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12.1.6 Paintings

DToT pazzes HaunHaeTcs ¢ <Paintings> u 3akanuuBaercs </Paintings>. OH COIEPKUT 3I€MEHTHI PUCOBA-
HUA, KOTOPbIE UCHOJIb3YIOTCA B CXEMe.

Refers to “Shared file format” section below.

12.2 Library file format

This format is used for libraries (usually with suffix .1ib). The following text shows a short example of a
library file.

<Qucs Library 0.0.14 "Ideal">
<DefaultSymbol>
<.ID -26 13 D>
<Line -30 0 60 O #000080 2 1>
<Line -6 -9 0 18 #000080 2 1>
<Line 6 -9 0 18 #000080 2 1>
<Line -6 0 12 -9 #000080 2 1>
<Line -6 0 12 9 #000080 2 1>
<Line -6 9 4 0 #000080 2 1>
<.PortSym -30 0 1 0>
<.PortSym 30 0 2 180>
</DefaultSymbol>
<Component VSum>
<Description>
Voltage adder
</Description>
<Model>
.Def:Ideal_AP1 _net3 _net2 fc="1E3"
Sub:VSUB1 _netO _netl _net2 Type="VSub"
Sub:LP1F1 _net3 _netO Type="LP1" fc="fc2" VO="0"
Sub:HP1F1 _net3 _netl Type="HP1" fc="fc2"
Eqn:Eqnl fc2="fc/0.6436" Export="yes"
.Def :End
</Model>
<ModelIncludes "HP1.sch.lst" "LP1l.sch.lst" "VSub.sch.lst">
<Symbol>
<Ellipse -20 -20 40 40 #000080 2 1 #c0cOc0O 1 0>
<Line -10 0 20 0 #000080 1 1>
<Line 0 -10 0 20 #000080 1 1>
<Line 0 30 0 -10 #000080 2 1>
<.PortSym 0 30 2 0>
<.PortSym 30 0 3 180>
<Line 20 O 10 0 #000080 2 1>
<.ID 10 14 VADD>
<Line O -20 0 -10 #000080 2 1>
<.PortSym 0 -30 1 0>
</Symbol>
</Component>

The first line specify that this file is a Qucs library file generated by Qucs 0.0.14 and that the library is
named “Ideal”.

The file contains on optional DefaultSymbol section, followed by Component sections. Each section is
explained below.
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12.2.1 Default symbol
This section starts with <DefaultSymbol> and ends with </DefaultSymbol>. It contains painting elements
creating a default schematic symbol for any subsequent component declaration that doesn’t define its own.

Refers to “Shared file format” section below.

12.2.2 Component
This section starts with <Component> and ends with </Component>. It contains the component definition
for use with schematic documents.
The component section is an aggregation of the following sub-sections:
e <Description> and </Description> contain lines of free text describing the component function.
e <Model> and </Model> contain the Qucsator netlist lines for this component.

<ModelIncludes "valueOvaluel"...> ...

<Spice> and </Spice>" are optional and contain the Spice netlist lines for this component.

<Symbol> and </Symbol> are optional and contain painting elements defining the schematic symbol to
be used with this component. Refers to “Symbol definition” section below.

12.3 Shared file format

12.3.1 Painting elements

A painting line can be found in:

e The Paintings section of a schematic file.

e The Symbol sections of a schematic file.

o The DefaultSymbol section of a library file.

e The Symbol section (sub-section of Component) of a library file.
A painting line has one of the following format:

e <Rectangle x y width height pencolor penwidth penstyle brushcolor brushstyle filled>

e <Ellipse x y width height pencolor penwidth penstyle brushcolor brushstyle filled> ...

e <EArc x y startangle spanangle width height pencolor penwidth penstyle brushcolor
brushstyle filled> ...

e <Text x y size color angle "text"> ..
e <Line x1 yl1 x2 y2 pencolor penwidth penstyle > ...

o <Arrow x1 yl1 x2 y2 x3 y3 pencolor penwidth penstyle > ...
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12.3.2 Symbol definition

A symbol definition can contains any painting element as described in the previous section. In addition to
the painting elements, a symbol definition must contain one .ID line and one or more .PortSym lines.

The .ID line has the following format:

<.ID x y name "propertyl" "property2" ...>

Where:
e x and y are the center coordinates of the symbol.
e name will be used as a name prefix when instanciating this symbol on a schematic sheet.

e propertyX are used for symbol definition within a schematic file, these parameter will be associated
with the symbol instance and communicated to the sub-schematic. The format for such a property is

“displayed=name=value=description=unknown".

The .PortSym line has the following format:

<.PortSym x y caption angle>

Where:

e x and y are the coordinates of the port.
e caption is the name/caption of the port.

e angle is an angle value, it is ignored (backward compatibility).
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13.1 BsepeHune

Resistors are one of the fundamental building blocks in electronic circuit design. In most instances
conventional resistor circuit simulation models are characterized by I/V characteristics specified by Ohm’s
law. In reality the impedance of RF resistors is frequency dependent, being determined by component physical
properties, component manufacturing technology and how components are connected in a circuit. At low
frequencies fixed resistors have a nominal value at roomtemperature and can be modelled accurately by
Ohm’s law. At RF frequencies the fact that a resistor acts 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 Mopgenu pagmo4acTtoTHbIX pPe3ncTopoB

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
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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).

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 Q-1 ‘aan' AN RT2
RT1 RT2 R2 L1
N e >EC__1E > Rems  Lels
Il
RFResPCB 1]
(a) Rs=50 c1
Ls=5n c3 — C=Cp - c2
Cp=0.3p C=CshuntI C=Cehunt
Llead=0.1n L (c) I

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 Q 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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S parameter -
simulation RFRespcB1 05
Rs=51 0.2 1
SP1 Ls=8n I
Type=log Cp=1p 0.4
Start=1 MHz Llead=1n 045 i
Stop=1.3 GHz Cshunt=0.1p i
Points=312 0.3 -
-

|Equation ;‘ 'ﬁ‘ 0.1 |
Eqn2 0.2
Sr_1=real(S[1,1])
Si_1=imag(S[1,1]) / .

= 0.05 ) —
|Equation = 01 Y I
Eqn1 // |41
Zr=real(stoz(S)) -~ 0 -
Zizimag(stoz(S)) = L]

1e6 1e7 1e8 1e9 3e9 1e6 1e7 1e8 1e9 3e9
frequency Frequency (Hz) Frequency (Hz)
140 a0
120 /
g0 g
= - 20 7
I3 -
N I” N
10 /,/
wil ..--..-—.——‘"—‘
0
1e6 e7 108 1e9  3e9 1e6 1e7 1e8 1e9  3e9
Frequency (Hz) Frequency (Hz)

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 AHanuns mopgenu pagmo4actToTHOro pe3ucrtopa

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?2-Cp-Ls)2+ (w-Cp- Rs)?

j-w- Llead
(1 —w? - Llead - C'shunt)

Zseries = Z1 + Z2 = Rseries + j - X series

Z2

Z3 =

Zseries
(14 j-w-Cshunt - Zseries)

Z=j-w-Llead+Zb=7ZR+j w-ZI.

Zb = Zseries|| X Cshunt =

=ZBR+j-w-ZBI,
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?PRZ

L3
E L=Llead —>Z1
c3 -L
C=Cshunt
RFResPCB1 ]7: tl,_,
Rs=50 c1
Ls=5n _— =:C=Cp > Z2
Cp=0.3p R1 \
Comumte0.01p R=Rs Zseries = Z2 +Z3 —> Zb = Zseries || 1/(j w -Cshunt)
B { / The RF resistor model impedance Z = Zb + Z1
c2 _L L2 > z3
C=Cshunt| -l' E L=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 Eqnl 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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140 »
120 -
|Eguatic|n 100 -
Eqn2 g 80 ||
Rseries=Rs/EXP1 o
EXP1=(1-W*W*Ls*Cp)"2 +(W"Cp*Rs)"2 60 w7 u
Xseries=(W*( -Cp*Rs*Rs+Ls*(1-W*W*Ls"*Cp)))/EXP1 + W*Llead/(1-W*W*Llead*Cshunt) 1
ZB=(Rseries+j"Xseries)/( (1-W*Cshunt*Xseries)+*W*Cshunt*Rseries) 40196 1e7 1e8 1e9 599
ZBR=real(ZB) Freq
ZBl=imag(ZB) .
2=2B+j"W-Llead 40 —
ZR=real(Z)
Zl=imag(Z) "
2 5 |
2 /
ES
P |Egualion //
dc simulation arameter Eqnt 0 L |
sweep W=2"pi*Freq .
Dci Rs=51 1e6 1e7 1e8 1e9 3e9
Wi Ls=8n Freq
Sim=DC1 Cp=1p ]
Type=log Llead=1n 30 B
Param=Freq Gshunt=0.1p
Start=1e6 — 20 -
Stop=1.3e9 5 /
Points=151 10 7 B
lig
0 —— | |
1e6 1e7 1e8 1e9 3e9
Freq
150 » -
40 | ] 140
I/ 120 B
o o 100 =
N 100 N 20 / — ]
// 80 |
50 A LI / 60 ne B
0 i N 40 .
1e6 1e7 . 1e8 1e9 3e9 166 167 168 169 369 166 167 1e8 169 3e9
req Freq Freq

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 Q 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.
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VRes Rires1 ac simulation Il
11 R1 Rs=51
=1 [ JR=1e9 Ls=8n ACT >
Cp=1p Type=log e 100 m
= - Liead=1n Start=1 MHz > '
Cshunt=0.1p St‘?pzl o O Ve
Eqn1 1e6 1e7 1e8 1e9 3e9
ZR=real(VRes.v) ; acfrequency
i 150
Zl=imag(VRes.v) 40 T
VH'
520 / T 100
/
/
I J
et T] e
0 50 |
1e6 1e7 1e8 1e9 3e9 1e6 1e7 1e8 1e9 3e9
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 Q.
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

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 _specl1.pdf).
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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 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 Q 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.

41572014 23008 PM 47 Ohm 5 paiameter measurements
Errcr 1 Exprezsion

0.2

0.z

0.7 o7

0.5 08

0.3 03

) A LWL

Cal |01 LIk Rel?
Stat =1 MHz Log Frequency Sweep Shop = 1300 MHz ,]'1

511 Real

%Al =0dB

T Imag

Figure 7 - DGSAQ Vector Network Analyser S parameter measurements for a 47 {2 axial RF resistor.
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| Qucs device model Mike April 2014 - RF RESISTOR MODEL Version 0.0.4 |
X1 o
m| File=mike3.s1p frequency: 1.29e+09
_ 220 zr[2,2): 218 /
opt Pl Ret Measurements T
Num=2.1 0.6
~ 2=50 Ohm
IE!uation = P=0dBm
f=1e7
Eqn3 - o - 0.4
(Cf1=A" (real(S[2,2])-real(S[1,1]))*2 § AN
Cf2=B*(imag(S[2,2])-imag(S[1,1]))"2| % @ @
0.2
RFResPCB1
S parameter Rs=Rm
simulation Ls=L frequency o
cp=C
sP1 Llead=LL
1e6 1e7 1e8 1e9 3e9 1e6 1e7 1e8 1e9 3e9
:::'e:::s Cshunt=0.08e-12 o ) Frequency (Mz)
Stop=1.3e9 Simulation
Points=1501
Simulation Controls Test circuits 03
100
g 502 =8
= (23 pg
Equation Equation [Equation @ o 55
Eqn1 Eqnd Ean$ 01 50
Zr=real(stoz(S))  A=1 Sr_1=real(S[1,1)
Zizimag(stoz(S)) Rm=47.3 Si_1=imag(S[1,11)
Bt - Sr_2=real(S[2,2])
Si_2=imag(S[2,2]) frequency o o+
Equations 1e6 1e7 1e8 1e9 3e9 1e6 1e7 1e8 1e9  3e9
Frequency (Hz) Frequency (Hz)
| imized values of model are listed by icon menu |

Figure 8 - Qucs device model parameter extraction system applied to a nominal 47 €2 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 1le-3. The ASCO method was set to

General Algorithm Variables Goals

DE/best/1/exp.

. I Algorith P—.

Name active initial min max Type Name Type

LL yes 1.465288E-09 1.45¢-9 1.6e-9 linear double Cf

L yes 1.043496E-08 Be-9 12¢-9 logarithmic double crz

c yes 6.8BB6B37E-130.65¢-12 0.7e-12 linear double

Name: & active

initial: min max: Name:
Value:

Type: linear double = Add Delete

oK Apply Cancel

Figure 9 - Qucs Minimization Icon drop down menus:

Value

minimize 1e-20
minimize 1e-20

left "Variables*

Apply

and right "Goals*‘.

Add Delete

Cancel
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Figure 10 - Ques simulation of nominal 47 2 resistor based on theoretical analysis.|
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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 () 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
measured 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 @ SMD resistor
represented by the subcircuit model illustrated in Figure 2 (c).

13.8 Verilog - Mopgenb paguodactoTHOro pesucropa

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)
//

//  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, mbrin72043Q@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 RT1, RT2;

electrical nl, n2, n3, nx, ny, nz; // Internal nodes.
“define attr(txt) (ktxtx)

parameter real Rs = 50 from [1e-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 [1e-20 : inf)

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

4 (http://sourceforge.net /projects/mot-adms/ ).
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parameter real Llead = 0.1e-9 from [1le-20 : inf)
“attr(info="Parasitic lead induuctance" unit="H");

parameter real Cshunt = le-10 from [1e-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) DbRTinl; // Branch statements

branch (nl1, n2) bnin2;

branch (nl, n3) bnin3;

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 =4.0% P_K*Temp;
Rst = Rs*(1.0+Tc1*Tdiff+Tc2*Tdiff*Tdiff); Rn = FourKT/Rst;
end
I(nl) <+ ddt(Cshunt*V(n1)); I(bnin2) <+ V(bnin2)/Rst;
I(bnin3) <+ ddt(Cp*V(bnin3)); I(n3) <+ ddt(Cshunt*V(n3));
I(bRTinl) <+ -V(nx); I(nx) <+ V(bRTin1); // Llead
I(nx) <+ ddt(Llead*V(nx));
I(bn2n3) <+ -V(ny); I(ay) <+ V(bn2n3); // Ls
I(ny) <+ ddt(Ls*V(ny)) ;
I(bn3RT2) <+ -V(nz); I(nz) <+ V(bn3RT2); // Llead
I(nz) <+ ddt(Llead*V(nz));
I(bnin2) <+ white_noise(Rn, "thermal"); // Noise contribution
end // End of analog code
endmodule

72 Fnasa 13. Subcircuit and Verilog-A RF Circuit Models for Axial and Surface Mounted Resistors




Qucs Help Documentation, Beinyck 0.0.19

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
ITCl |First order temperature coefficient |IJ.D

[Tcz  [Second order temperature coefficient |0.0

[Tnom [Parameter extraction temperature

[26.85

I]'e mp |Sm1u| ation temperature

[26.85

Output Variables

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

Iname |descriplian |dep-endencies |

Nature/Discipline Definition

Nature
[name [acress [abstal [units
[Current [t [te12 A
[Charge (] [Le-14 [coul
[Moltage v [les [v
[Flux [Pai Jlen [wn
[Magneto Motive Force[MMF [le-12 [A*turn
[Temperature [Temp 'Fp(.
[Power [Pwr Jlen [w
|Position [Pos 'ﬁ|m
[velocity [ver — [ies [mss
|acceleration [Acc [lef |ms*2
[Impulse [fmp 1o [ms~3
[Farce [F [le-6 [N
|Angle |'l'.hsla |1s-6 |rads
JAngular Velocity [Omega[le6 [radss

[Angular Acceleration [Alpha [le6 [radsis=2

|.An|:|11hr Force |'lh1| ’ﬁ |N‘m

Discipline
hmme |pul:er|l:ial |ELuu.
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

Model Equations

Notations used:

* green: inpul parameter
® bar over: variable never used
& bar under; temperature dependent variable

® 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))

Vinlml ),
Rt

finl,nl) <+
finl,nl) <+ ddy(Cp - Vinl, nl))k
Fin3, n3) <+ ddifiC <huni - Vin3, n3n);
NRTLET1) <+ (=Vinx niok

T, nxr <+ VIRT1,RT1),

Fonx, nx <4 dduiiLlead - Vinx, nxo));
Tin2, n2) <+ (—Viny.ny )

Timy, ny) <+ Vin2, n2):

Ty, ) <+ deif (L= - V{ny, ny)));
In3,n3) <+ (= Vnz,nz;

Tinz nzs <+ Vind, nlk

finz, nes <+ ddii(Llead - Vinz, nza);

Tinl, nl) <+ white_noise(Rn. "thermal ");

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

13.8. Verilog - Mogenb paguo4acroTHoro pesucropa
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13.9 Extraction of Verilog-A RF resistor model parameters from
measured 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 240
Q n File=mike5.s1p 0.44 20
Opt1 1 Pt m
5 Ret Measurements 02 200
Num=2 ==
dc simulation ‘ ~ 7-50 Ohm 180
pet ~ P-0dBm 0.4 160
|Equation t=1e7 _ o = 5140
N | = o
Eqn3 o 287 SESREN
Ct1-A" (real(S[2,2))-real(S[1,1)))"2 @ 0.38 00 J
Cf2=B*(imag(S[2,2])-imag(S[1,1]))"2 RFresPCB1
Rs=Rm 0.36 &
S parameter Cp=0.43p 60
simulation Ls=L frequency 0.34 40
Llead=0.5n
SP1 Cshunt=1e-15 166 167 158 169 369 1 1e7 1e8 169 3e9
gp::‘:gs Je1-00 Frequency (Hz). Frequency (Hz)
art=1el Tc2-0.0
Stop=1.3e9 Tnom-=26.85 Simulation 0.04
Points=1501 Temp=26.85 10
Simulation Controls Test circuits 0.02
= o O = o
= w n =&
|Equation |Equation Ifga—"c" @ 0,02 NN
Eqnt Eqnd SW“, NS .1
Zr-real(stoz(S)) A=1000 SF‘ -real( S[ ; P 0,04 o
Zi-imag(stoz(S)) Rm=101.0 i_1=imag(S[1,1])
Sr_2-=real(S[2,2))
B=1000 S 2-ImagiS[>2) frequency -0.06
Equations N ’ 166 1e7 1e8 169 3e9 166 1e7 1e8 169 3e9
Frequency (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 € axial thin film resistor. Fixed model
parameter values: Rs = Rm =101 2, CShunt = 1le-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 KoHeu, npumedaHni

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’.

Texuuaeckne omucanmusi, KaCAIOINECs CHMYISATOPA
Nwmerorest ma http://ques.sourceforge.net /tech /technical.html
IIpumepnr cxem

Nwmerores ma http://ques.sourceforge.net /download.html#example

5 Penus Qucs 0.0.18 miu Bere.
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