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Chapter 1

Welcome

For a simple tutorial - see “Tutorial Introduction” on page 7

For basic guidance on the main features - see “Getting Started” on page 31

For more detailed documentation refer to one of the following:

“Schematic Editor” on page 54

“GUI Environment” on page 47

“SIMetrix Simulator Analysis Modes” on page 222
“SIMPLIS Simulator Analysis Modes” on page 270
“Installing Models” on page 209

“Finding and Placing Parts” on page 123

“Waveform Viewer” on page 287
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2.2. What is Simetrix?

Chapter 2

Introduction

2.1 About SIMetrix/SIMPLIS Documentation

2.1.1 HTML Documentation

All SIMetrix and SIMPLIS documentation is available in HTML form and may be viewed through your
web browser. This can be accessed through the menus Help | SIMetrix Documentation and Help |
SIMPLIS Documentation.

You can select whether you access this documentation on-line via the Internet or locally stored on your
system. Documentation on-line has the benefit of always being the latest version but has the drawback of
requiring a fast Internet connection. Local documentation has the benefit of being always available even if
there is no Internet connection, but may become out of date.

To choose the documentation source, select menu Help | Select Help Source.... If you opt for local
help and you have not selected this previously, the help files will first need to be installed. This operation is
performed automatically but will take a few minutes.

2.1.2 PDF Documentation

Much of the documentation is also available in the form of PDF manuals. The PDF manuals may be
accessed locally through the menus under Help | PDF Manuals or can be downloaded. These are
described below:

Manual name and web link Description

User’s Manual General operation of SIMetrix and SIMPLIS
Simulator Reference Manual Detailed reference for the SIMetrix simulator
SIMPLIS Reference Manual Detailed reference for the SIMPLIS simulator
Script Reference Manual SIMetrix script language reference manual
Verilog-A Reference Manual Verilog-A language reference manual

2.2 What is Simetrix?

SIMetrix is a mixed-signal circuit simulator designed for ease and speed of use.

SIMetrix/SIMPLIS User’s Manual


http://www.simetrix.co.uk/app/UsersManual.htm
http://www.simetrix.co.uk/app/SimulatorReference.htm
http://www.simetrix.co.uk/app/SIMPLIS_Reference.htm
http://www.simetrix.co.uk/app/ScriptReference.htm
http://www.simetrix.co.uk/app/Verilog-A.htm

2.3. What is SIMPLIS?

The core algorithms employed by the SIMetrix analog simulator are based on the SPICE program
developed by the CAD/IC group at the department of Electrical Engineering and Computer Sciences,
University of California at Berkeley. The digital event driven simulator is derived from XSPICE developed
by the Computer Science and Information Technology Laboratory, Georgia Tech. Research Institute,
Georgia Institute of Technology.

Although originally derived from these programs only a tiny fraction of the overall application code can be
traced to them. Nearly all of the simulator code is either new or has been rewritten in order to provide new
analysis features and to resolve convergence problems.

Features
* Closely coupled direct matrix analog and event driven digital simulator.
* Fully integrated hierarchical schematic editor, simulator and graphical post-processor.
* Superior convergence for both DC and transient analyses.
» Advanced swept analyses for AC, DC, Noise and transfer function. 6 different modes available.
* Real time noise analysis allowing noise simulation of oscillators and sampled data systems.
* Support for IC design models such as BSIM3/4, VBIC and Hicum.

» Cross probing of voltage, current and device power from schematic. Current and power available for
sub-circuits.

* Monte Carlo analysis including comprehensive tolerance specification features.

* Full featured scripting language allowing customised waveform analysis and automated simulation
* Verilog-A Analog Hardware Description Language

* Mixed signal simulation using Verilog-HDL

* Functional modelling with arbitrary non-linear source and arbitrary linear s-domain transfer
function.

 Arbitrary logic block for definition of any digital device using descriptive language. Supports
synchronous, asynchronous and combinational logic as well as ROMS and RAMs.

* Models for saturable magnetic parts including support for air-gaps.

* User definable fixed and popup menus and key definitions.

2.3 What is SIMPLIS?

SIMPLIS is a circuit simulator designed for rapid modelling of switching power systems. An acronym for
“SIMulation for Piecewise LInear System”, it is supplied with our SIMetrix/SIMPLIS product range.

SIMPLIS is a component level simulator like SPICE but is typically 10 to 50 times faster when simulating
switching circuits. It achieves its speed by modelling devices using a series of straight-line segments rather
than solving non-linear equations as SPICE does. By modelling devices in this way, SIMPLIS can
characterise a complete system as a cyclical sequence of linear circuit topologies. This is an accurate
representation of a typical switching power system where the semiconductor devices function as switches.
However, a linear system can be solved very much more rapidly than the non-linear systems that SPICE
handles. The end result is accurate, but extremely fast simulations, allowing the modelling of complex
topologies that would not be viable with SPICE.

SIMPLIS has three analysis modes: Transient, Periodic Operating Point and AC. Transient analysis is
similar to the SPICE equivalent but is typically 10-50 times faster. Periodic Operating Point is a unique
analysis mode that finds the steady-state operating waveforms of switching systems. AC analysis finds the
frequency response of a switching system without needing to use averaged models. This is especially
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useful for what-if studies on new circuit topologies or control schemes where the small-signal averaged
model has not yet been derived.

Because non-linear devices are defined using a sequence of straight line segments, models for such devices
are quite different from SPICE models. There are of course many SPICE models available and so in order
to retain compatibility with these, SIMetrix/SIMPLIS has the ability to convert models for some types of
device into SIMPLIS format. This conversion is performed when the device is placed on the schematic.
Devices currently supported are MOSFETs, BJTs and diodes. In the case of MOSFETSs and Zener diodes,
the conversion is achieved by performing a sequence of simulations using the SIMetrix-SPICE simulator.
This method is independent of the method of implementation of the device.

2.4 Why Simulate?

Integrated circuit designers have been using analog simulation software for nearly five decades. The
difficulty of bread-boarding and high production engineering costs have made the use of such software
essential.

For board level designers the case has not been so clear cut. For them prototyping is straightforward,
inexpensive and generally provides an accurate assessment of how the final production version of a circuit
will behave. By contrast computer simulation has been seen as slow and prone to inaccuracies stemming
from imperfect models.

In recent years, however, the simulation of discrete analog circuits has become more viable. This has come
about because of advances in CPU power, the increased availability of device models from their
manufacturers and the introduction of easy to use and affordable simulation tools such as SIMetrix.

The pressure to reduce product development time-scales has meant that for many projects the traditional
bread-boarding phase is skipped altogether - with or without simulation - and circuit development is
carried out on the first revisions of PCB. The use of simulation on a circuit or parts of a circuit can help to
eliminate errors in a circuit design prior to this stage and reduce the number of PCB revisions required
before the final production version is reached. Of course, to be useful, the simulation process must
therefore not be too time consuming.

Computer simulation, does however, have many more uses. There are some things you can do with a
simulator which cannot be achieved with practical approaches. You can remove parasitic elements, you
can make non-invasive measurements that are impossible in real-life or you can run components outside of
their safe operating area. These abilities make simulation a valuable tool for finding out why a particular
design does not behave as expected. If the problem can be reproduced on a simulator then its cause can be
much more easily identified. Even if a problem cannot be reproduced then this gives some clues. It means
that it is caused by something that is not modelled, a wiring parasitic perhaps.

Simulation is extremely useful for testing ideas at the system level. Sometimes it is not easy to test a
concept because the hardware to implement it is very costly or time consuming to build. It may even be
that you don’t know how to implement the idea in hardware at all. The alternative is to design a model and
simulate it with a computer. Once it has been established that the concept is viable then attention can be
given to its implementation. If it proves not to be viable, then a great deal of time will have been saved.

2.5 System Requirements

2.5.1 Operating System

SIMetrix and SIMetrix/SIMPLIS 64 bit version

The following are supported:

Windows 10 Home, Pro and Enterprise - 64 bit editions

4
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Windows 8.1, Windows 8.1 Pro, Windows 8.1 Enterprise - 64 bit editions
Windows 8, Windows 8 Pro, Windows 8 Enterprise - 64 bit editions

Windows 7 Home Premium/Professional/Enterprise/Ultimate - 64 bit editions

SlIMetrix and SIMetrix/SIMPLIS 32 bit versions

The following is supported

Windows 7 Home Premium/Professional/Enterprise/Ultimate

Windows RT

SIMetrix and SIMetrix/SIMPLIS will not run on any version of Windows RT.

2.5.2 Hardware

SIMetrix will run satisfactorily on any system that meets all the following requirements:
1. The system is running one of supported operating systems listed above
2. The system meets the minimum hardware requirement for the operating system

3. The system’s display has a minimum vertical resolution of 720 pixels and a minimum horizontal
resolution of 1024 pixels

2.5.3 Recommended System

If you regularly run large circuit simulations or long runs on smaller circuits, we recommend investing in
the most powerful CPU available. A large RAM system can be useful as this will allow caching of
simulation data. This will speed up plotting results if a large amount of data is generated. The data is
stored to disk in an efficient manner and therefore substantial RAM is not essential unless the circuits
being simulated are very large indeed. A high performance bus mastering SCSI disk system will improve
simulation performance a little.

2.5.4 Multi-core Processors

SIMetrix can exploit multiple core CPUs in a number of ways and will benefit from multiple core
processors. Note, however, that you will require a SIMetrix Pro or SIMetrix Elite license to be able to use
the multiple core features. Note also that SIMetrix cannot effectively use Hyper-threading.

For more information, see the following sections:
“Simulation and Multi-core Processors” on page 224
“Using Multiple Cores for Multi-step Analyses” on page 262
“Multi-core Multi-step SIMPLIS Analyses” on page 280
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Chapter 3

Quick Start

3.1 Introduction

This chapter covers a number of tutorials that will help you get started with SIMetrix.

Tutorial 1 is designed for total novices. You may wish to skip to tutorial 2 if you already have experience
with SPICE type programs.

Tutorial 2 assumes you have grasped the basics of using the schematic editor. You don’t have to worry
about setting up analyses or the characteristics of any input stimulus such as V2 in tutorial 1; these
procedures will be explained.

If you are an experienced circuit designer but have never used a circuit simulator before, we recommend
you read “Simulation for the Novice” on page 7. This will familiarise you with a few concepts about
simulation that may be alien to you if you are used to traditional methods of evaluating circuits.

3.1.1 Examples and Tutorials - Where are They?

On Windows the example files are first installed under the main installation root (e.g. under C:\Program
Files\SIMetrix820\support\examples) but it is not intended that they are used from that location. Instead
they will be copied to your “My Documents” folder when SIMetrix starts for the first time, but only if you
accept the option to do so. If you can’t find the examples files, you may need to manually copy them from
the installation root to a suitable location of your choice.

In the following tutorial discussions, the examples directory is referred to as ‘EXAMPLES’.

3.1.2 Simulation for the Novice

When measuring a real circuit, you would probably connect up a power source - bench power supply
perhaps - maybe also some signal source, then switch it on and take measurements using - probably - an
oscilloscope. You can also make adjustments to the circuit and see the effects straight away.

For simulation, you have a choice of analysis modes and not all of them have an exact real life equivalent.
The analysis mode that most closely resembles the method of bench testing a circuit described above is
transient analysis. This performs an analysis over a specified (by you) time period and saves all the results
- i.e. all the voltages and currents in the circuit - to your hard disk. The difference between real life testing
and simulation is that the simulation is not running all the time. If you want to see the effects of changing a
part value, you have to change it then re-run the simulation. (But note there is a potentiometer device that
automates this procedure see ‘“Potentiometer” on page 161).
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3.2. Tutorial I - A Simple Ready to Run Circuit

In order to solve the circuit, the simulator has to calculate the voltage at every node at every time point.
Disk space is cheap and plentiful so SIMetrix saves all these values as well as the device currents. Not all
simulators do this, some require you to state in advance what you want saved.

After the run is complete, you can then randomly probe the circuit to look at any voltage, current or device
power over the analysis time period. You can also place fixed probes on the circuit before running the
analysis which will cause the waveform at that point of the circuit to be automatically be displayed while
the simulation is running or optionally after its completion.

Some of the other analysis modes are: AC analysis which performs a frequency sweep, DC sweep which
ramps a voltage or current source and noise analysis which calculates total noise at a specified point and
which parts are responsible for that noise.

3.2 Tutorial 1 - A Simple Ready to Run Circuit

This tutorial demonstrates a basic simulation on a ready to run to circuit. All you need to do is load the
circuit and press F9 to run it. We will then make a few changes to the circuit and make some extra plots.

This tutorial demonstrates the basic features without having to get into the details of setting up a
simulation. Proceed as follows:

1. Select the menu File | Open... and if not already select Schematic Files in the file type drop down
box. Select the schematic file TUTORIAL1 which you should find in the folder
EXAMPLES/SIMetrix/Tutorial (See “Examples and Tutorials - Where are They?” on page 7). Click
on Open to open this file.

A schematic window will open with the following circuit:

QM2
Armplifier Outgut

R3
50 a1 DE.EH
L. a2
. L CLOAD
Ra a3 == 100p
Qmz22z A1
Y2
T AT 0 Pulse(d 100m i TR 2u) R4
[]4?0
L L L
R V3

H 27K — C,) 5y

This is a simple feedback amplifier designed to amplify a 100mV pulse up to around 500mV. The
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3.2. Tutorial I - A Simple Ready to Run Circuit

basic requirement of the design is that the pulse shape should be preserved, DC precision is
important but is not critical. The above is our first attempt at a design but has not yet been optimised.

This example circuit has been setup to be ‘ready to run’.

2. To start the simulation, select from the schematic window Simulator | Run Schematic or press
F9. The simulation will not take long, on a modern machine less than half a second.

You will see a graph of the output voltage appear:

&00

00

400

200

Q3-emiter / my

200

100 \

u] 2 4 =] =] 10

Time/uSecs 2uSecs/div

As can be seen, our amplifier doesn’t work all that well. There are two problems.
1. There is substantial ringing on the rising edge, probably caused by the capacitative load.
2. The falling edge is somewhat sluggish.

The sluggish falling edge is caused by the absence of any standing current in the output emitter follower,
Q3. To rectify this, we will place a resistor from the emitter to the -5V rail. The resulting schematic is
shown below:
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3.2. Tutorial I - A Simple Ready to Run Circuit

Q3
Q2M2222

Amplifier Outgut

R3
50 a1 DE.EH
— L, qanzzz
y e GLOAD
R az = 100p

—

Q2M222
W32
T AT 0 Pulse(d 100m i TR 2u) R4
470

F1 R& V3

H 27k — []1 K C,) £

To make this modification, proceed as follows:

1. Press the Resistor button in the parts toolbar. Alternatively, select the menu Place | Passives |
Resistor (Box shape) or, if you prefer, Place | Passives | Resistor (Z shape). A resistor
symbol will appear. Place this in the location shown in the diagram above. Click the left mouse
button to fix it to the schematic. You may now see another resistor symbol appear (depending on
how the system options are set). Cancel this by clicking the right mouse button.

2. Now wire up the resistor. There are a number of ways of doing this. If you have a three button
mouse or wheel mouse, one way is to use the middle button (or wheel). Pressing it once will start a
wire. Pressing it again will fix it and start a new one. Pressing the right button will terminate it.

If enabled you can also use the ‘smart-wiring” method. Just take the mouse pointer to the pin of the
resistor. You will see a pen symbol appear as the mouse gets close to the pin. Left click then move
the mouse cursor to the destination then left click again. This method will automatically locate a
route for the wire if one exists.

You can also enter wiring mode by selecting the toolbar wire button. This puts schematic into a
permanent wiring mode where the left key is always used for wiring. Revert to normal mode by
pressing the wire button again.

3. Re run the simulation by pressing F9.

The graph will now be updated to:
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G00
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| First attempt
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0
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As you can see, The problem with the trailing edge has been fixed and the ringing is much improved.

Now let’s have a look at the ringing in more detail. To do this, we need to zoom in the graph by adjusting
the limits of the axes. There are two ways of doing this. The quickest is to simply drag the mouse over the
region of interest. The other method is to manually enter the limits using the Edit Axis Dialog Box. To
zoom with the mouse, proceed as follows:

1. Make sure that the graph window is selected by clicking in its title bar.

2. Place the cursor at the top left of the region of interest i.e to the left of the y-axis and above the top
of the red curve.

3. Press the left mouse key and while holding it down, drag the mouse to the bottom right of the area
you wish to zoom in. You should see a rectangle appear as you drag the mouse.

4. Release the mouse key. You should see something like:
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If you don’t get it quite right, press the Undo Zoom button:

2

to return to the previous view. You can also use the left, right, up and down arrow keys to shift the position
of the curves.

We can probably improve the ringing by adding a small phase lead in the feed back loop. This can be done
by connecting a small capacitor between the emitter of Q3 and the base of Q2. There isn’t room to add this
tidily at present, so first, we will move a few parts to make some space. Proceed as follows:

1. In the schematic window, drag the mouse with the left key pressed over the region shown by the
dotted lines below:
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Sy aEmrr o S

i A= amplifier Outgut” :

P Rs i

R I oi ' HEZEk |
R YL P e GLOAD |
. ] =i |
| aamr T :
a2 I ' 1
ey AT D'Pu'lsecn'1cn1—n'rn—rn—£m mIOE b | R |
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As you drag the mouse, a rectangle should appear.

2. Release the mouse. The area enclosed will turn blue:
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K

Rz W1
4.6k <+>5
Q3
Q2M2222
L Amplifier Outgut
R3
50 a1 []z.zk
Q2M2222
BT R
Q2M2222
W2
0] A TOR GU) R4

T ACT 0 PulsedD 10t
470

R RE V3

H 2.7k — []1 K Cr) 5y

The blue wires and parts are said to be selected. To move them...
3. Place the cursor within one of the selected parts - V1 say - then press and hold the left mouse key.
4. Move the mouse to the right by two grid squares then release the left key.

5. Unselect by left clicking in an empty area of the schematic. This is what you should now have:
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Rz 41
5.8k <+>5
Q3

’ \*G‘!ENEEEQ
A rmplifier Outgut

R3
50 o1 UQ.QI{
—%'—\‘szzzz L CLOAD
o2 ==100p

———a

Q22222
W2
T AC T O Pulsedd 100m T au) R4
[Hwn

R1 R Y3

[] 27k —_ []1 K C,) &y

6. Wire in the capacitor C1 as shown below using a similar procedure as for the resistor R6.
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5.6k

3.2. Tutorial I - A Simple Ready to Run Circuit

(13

2

s =

| [

L2M2222

e L OAD)
-|-1 00p

Q2MNZ2222

R4
470

InF is obviously far too high a value so we will try 2.2pF. To change the part’s value proceed as follows

1. Double click C1. You should see the following dialog box appear:

4 Choose Component Yalue

Device Value

Initial Conditions

S ; o

Base |1 |v == @® Opendrauit  Enable For Analysis:
Decade |1r1 |: O s O Inital voltage Op

® E12 0 — Transient

O E24 AC Moise/TF
Result ([T = - DC

Cancel Parameters...
16
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3.2. Tutorial I - A Simple Ready to Run Circuit

You can type the new value in directly in the Result box or you can select a value using the mouse
alone with the up and down arrow buttons. Leave the Initial Conditions setting at its default (Open

Circuit)

2. Now re-run the simulation. This is the result you should see:

r“‘
620 1
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\
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00 — ]
I‘ \ First attempt
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580 —
[ \
I \
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1
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> | \
= { 1\ s T S
= s4n ] T F ~
A 4 7 S P Co— E— —
8 k \ / ™
b} :I: ‘I\ r'f
£ 520 i ;
= H|
£ i v/
T :- I _ //
500 H
a1
il
i
480 H
i
: l With R6 and C1
460 HH added
I
i
Hl
440 : {
o 50 100 150 200 250 300 350 400
Time/iSecs S0nSecs/div

The solid curve is the latest result. This is now a big improvement on our first attempt.

You will notice that a new curve is displayed each time you run a new simulation. This is the default
behaviour but this can be changed so that, for example, old curves are deleted leaving only the latest on
view. To do this, double click the probe - that is the object labelled “Amplifier Output™. Set History to 1
and close the box. (For more information see “Probe Options Sheet” on page 291). You can change the
number of curves that are shown at any time using the popup menu History | Show/Hide....

We will now round off tutorial 1 by introducing AC analysis.
AC analysis performs a frequency sweep over a specified frequency range. To set one up, follow these
instructions:

1. In the schematic window, select the menu Simulator | Choose Analysis.... This is what you will

NS
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3.3. Tutorial 2 - A Simple SMPS Circuit

4 Choose Analysis >
Transient AC DC  MNoise TF 50A Data  Options Analysis Mode
Transient parameters Transient
[]ac
Stop time | |:
|:| DC Sweep
Data output options |:| Noise
Start data output @ | = [ Default [] Transfer function
[Jocoe
{PRINT step 100n 5 [ Default

(® output all data () Cutput at .PRINT step
Real time noise

] Enable real-time noise Define...

Monte Carlo and multi-step analysis

] Enable multi-step Define... Run
Selected mode: Mone
Cancel
Define Snapshots... | Advanced Options... Help

Click AC check box and uncheck the Transient check box. The details of the AC sweep have already
been set up - click the AC tab at the top to see them.

2. Run the simulation - this will open a new graph sheet.

3.3 Tutorial 2 - A Simple SMPS Circuit

In this tutorial we will simulate a simple SMPS switching stage to demonstrate some of the more advanced
plotting and waveform analysis facilities available with SIMetrix.
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L L
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You can either load this circuit from EXAMPLES/SIMetrix/Tutorials/Tutorial2 (see “Examples and
Tutorials - Where are They?” on page 7) or alternatively you can enter it from scratch. The latter approach
is a useful exercise in using the schematic editor. To do this follow these instructions:

1. Place the parts and wires as shown above.
2. The probe labelled ‘Output’ can be selected from the following locations:

The Part selector. If this is not already showing, select menu View | Show Part Selector.
Navigate to Probes — Voltage Probe

OR Menu Place | Probe | Voltage Probe
OR Menu Probe | Place Fixed Voltage Probe
OR by pressing ‘B’ in the schematic editor.

3. After placing the output probe, double click to edit its label. Enter Output in the box titled Curve
Label. All the other options may be left at their defaults.

4. For the pulse source V2, you can use Place | Voltage Sources | Universal Source or the
Universal Source tool bar button.

5. Double click V2. Edit the settings as shown below:

19
SIMetrix/SIMPLIS User’s Manual
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J Choose Source et
Puse  Sine MNoise AC DC  Text (] Enable DC
Enable AC
Time/Freguency [] Enable &
oot 8 ey [ 8 @ e
. Sj
wat [t SO0 o |5 Ouee
Rize : Equal rise and fall O Noise
Fall 50N 4| [ ]| Default rise and fall O Text
-
O Mong

(@ Repetitve () Single Pulse () Step

Vertical
Minimum ICI: Offset :

e Jf —\ | Maximurs

Offset Pinimum

This sets up a 200kHz 5V pulse source with 40% duty cycle and 50nS rise time.

6. Set up the simulation by selecting the schematic menu Simulator | Choose Analysis.... In the
dialog box, check Transient. Usually we would set the Stop time but on this occasion, the default
ImS is actually what we want. Now select the Advanced Options button. In the Integration
method box, select Gear integration. This improves the simulation results for this type of circuit.
You will still get sensible results without checking this option, they will just be a little better with it.
(For more information, see Simulator Reference Manual/Convergence, Accuracy and Performance.

If you have any graph windows open, you should now close them. Once you have loaded or entered the
circuit, press F9 or use the schematic Simulator | Run Schematic menu to start the simulation. This
will take somewhat longer than the previous tutorial but still less than 1 second on a modern machine. This
is the graph you will see
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The circuit is the switching stage of a simple step-down (buck) regulator designed to provide a 3.3 V
supply from a 9V battery. The circuit has been stripped of everything except bare essentials in order to
investigate power dissipation and current flow. Currently, it is a little over simplified as the inductor is
ideal. More of this later. We will now make a few measurements. First, the power dissipation in Q1:

1. Create an empty graph sheet by pressing F10
2. Select schematic menu Probe | Power In Device.... Left click on Q1.

This is what you should see:
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This shows a peak power dissipation of 200W although you are probably more interested in the average
power dissipation over a specified time. To display the average power dissipation over the analysis period:

1. Select menu Measure | Mean

This should display a value of about 517mW. This will be shown in the measurement window below and
to the right of the graph plot area. This is the average power over the whole analysis period of 1mS. You
can also make this measurement over any period you select using the cursors as described below:

1. Zoom in the graph at a point around 100uS, i.e. where the power dissipation is at a peak.

2. Switch on graph cursors with menu Cursors | Toggle On/Off. There are two cursors represented
by cross-hairs. One uses a long dash and is referred to as the reference cursor, the other a shorter
dash and is referred to as the main or measurement cursor. When first switched on the reference
cursor is positioned to the left of the graph and the main to the right.

3. Position the cursors to span a complete switching cycle. There are various ways of moving the
cursors. To start with the simplest is to drag the vertical hairline left to right. As you bring the
mouse cursor close to the vertical line you will notice the cursor shape change. See “Graph Cursors
on page 347 for other ways of moving cursors.

29

4. Press F3 or select analysis menu Measure | More Functions...:
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3.3. Tutorial 2 - A Simple SMPS Circuit

4 Define Measurement >

Pre-defined Measurement Custom Measurement

Pre-process Choose measurement
Cursor span Custom Fs
[] Integral cydes --- Select Measurement ---
RIS
[ ] AC coupled Mean
Maximum
Minimum

Peak To Peak

Rize Time 10%-90% (manual)
Rize Time 10%:-90% (auta)
Rize Time custom (auta)

Fall Tirne 10%-90% (manual)
Fall Tirne 10%6-90% (auto)
Fall Tirme custom (auto)
Duty cycle

Overshoot (relative %)
Overshoot (absolute)
Overshoot auto (relative %)
Cwershoot auto (absolute)
Settling time to 1% N

Measures mean value

In the right hand pane labelled Choose Measurement select Mean. In the Pre-process group, select
Cursor span. Click Ok to close the dialog box.

You should see a value of about 2.8W displayed. This is somewhat more than the 517mW average but is
still well within the safe operating area of the device. However, as we noted earlier, the inductor is ideal
and does not saturate. Lets have a look at the inductor current.

1. Select schematic menu Probe | Current in Device Pin (New graph sheet)...

2. Left click on the left pin of the inductor L1. This is what you will see:

23
SIMetrix/SIMPLIS User’s Manual



3.3. Tutorial 2 - A Simple SMPS Circuit
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This shows that the operating current is less than 1.5A but peaks at over 6A. In practice you would want to
use an inductor with a maximum current of around 2A in this application; an inductor with a 6A rating
would not be cost-effective. We will now replace the ideal part, with something closer to a real inductor.

1. Delete L1.

2. Select schematic menu Place | Magnetics | Saturable Transformer/Inductor.... A dialog box
will be displayed. (See picture below). Select O secondaries then enter 34 for the number of turns in
primary 1. Next check Select Core Type. Select EFD10-3F3-A25. This is part number for a
Ferroxcube ferrite core. This is what you should have:
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4 Define Saturable Transformer/Inductor ot
Configuration
# Primaries : # Secondaries ICI: Coupling factor 1 :
Winding Mumber of turns Polarity Inductance
1 Primary 1 |34 =l + v 29.127uH
Define core
Units . — =
e 7.2 -
Select core type
® EFD10-3F3-A25 - (® mm
() Manual entry =
O am le 237 —
() inches
i TET
Core material 3F3 &= J - —
Ue ]3] =
Primary inductance 29, 127uH
ok Cancel Help
Saturation current  3.73206A

Click OK to close the dialog box.
3. Place the inductor in the same place as before.
4. Run a new simulation.

5. Select the graph sheet that displayed the inductor current by clicking on its tab at the top of the
graph window. Now select schematic menu Probe | Current in Device Pin... and left click on
the left hand inductor pin.

You will notice the peak current is now in excess of 45A. This is of course because the inductor is
saturating. You can also measure the peak power over 1 cycle:

1. Select the graph sheet with the power plot then select Probe | Power In Device...

2. Zoom back to see the full graph using the zoom button.

L}

3. Zoom in on the peak power.

4. Position the cursors to span a full cycle. (The cursors are currently tracking the first power curve.
This doesn’t actually matter here as we are only interested in the x-axis values. If you want to make
the cursors track the green curve, you can simply pick up the cursor at its intersection with the
mouse and drag it to the other curve).

5. We now have two curves on the graph so we must select which one with which we wish to make the
measurement. You can simply click on the curve to select it or check the box as shown below:
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6. As before, press F3 then select Mean with the cursor span pre-process option. The new peak
power cycle will now be in the 11-12W region - much more than before.

3.4 Tutorial 3 - Installing Third Party Models

In this tutorial, we will install a device model library. For this exercise, we have supplied a model library
file - TUTORIAL3.MOD - with just two devices. These are:

SXN1001 - an NPN bipolar transistor SXOA1000 - an opamp.
Both are totally fictitious.

You will find this file in the tutorial folder i.e. Examples/SIMetrix/Tutorials/Tutorial3.mod. There are two
aspects to installing a model. SIMetrix needs to know where within your file system, the model is located.
If the model is to be listed in the model library browser system, then SIMetrix also needs to know what
symbol to use for it in the schematic and what category it comes under. This is how you do it:

1. Open windows explorer or click on My Computer or open other file manager of your choice.

2. Locate TUTORIAL3.MOD in EXAMPLES/SIMetrix/Tutorials (see “Examples and Tutorials -
Where are They?” on page 7). Pick the file up and drop into the SIMetrix command shell message
window. That is, drop it in the window where SIMetrix messages are displayed. If the command
shell is not visible, select menu View | Show Command Shell. After dropping the file, this
dialog box will appear:

J Install or Edit >

Install or edit model file

Tutorial3.mod?
Ok
(®) Instal I =
O Edit Cancel

Select Install then Ok. The message “Model library changed. Rebuilding
catalogs, please wait...” will be displayed, followed by “Complete”.
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At this stage, SIMetrix knows where to find our fictitious devices. You will find that it also knows about
the NPN transistor as the following demonstrates:

1. Open an empty schematic.

2. Press ctrl-G or select menu Place | From Model Library. You should see a window displayed
with the caption Select Device

3. Select the * Recently Added Models * category from the top of list shown on the left hand side.
4. Select SXN1001 from the listed items on the right hand side. This is what you should see:

J Select Device x

* Recently Added Models * A | | SXN1001

* All User Models * SKOATO00
* All Models *

Analog switches

BIT - Dual

BIT - Multiple

Bridge Rectifiers

Buffers

Comparators

Counters

Current Mirrors

Current Monitors

Current Sense Amplifiers

Differential Amplifiers

Digital Arithmetic

Digital Buffers b

QQ?
_ SXN1001

D:Yirw\Documents\SIMetrix\Examples-83\SIMetrix \Tutorials\Tutorial 3. mod Category: MPM

5. Press Place to place the device on the schematic.

Without you having to tell it, SIMetrix already knew that the SXN1001 is an NPN transistor. This is
because it is a primitive device defined using a .MODEL control. Such devices are built in to the simulator
and SIMetrix can determine the part type simply by reading the .MODEL control in TUTORIAL3.MOD.

This is not the case with the other device in the model library. This is an opamp and is defined as a
subcircuit. This is a module made up of other parts, in this case BJTs, diodes, resistors and current
sources. SIMetrix can’t tell what type of device this is. It knows that it has five terminals and it knows
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where the electrical model is located in the file system, but it doesn’t know what schematic symbol to use

for this model.

SIMetrix will ask you for this information when you try and place it. Follow this procedure:

1. Repeat the steps 1-5 above but instead select the SXOA1000 device instead of the SXN1000. Notice
that when you select the device in the right hand side, you see the message SIMetrix does not

know what symbol to use for this model. Press “Place” to resolve.

. After pressing the Place button, you should see the following box:

4 Associate Symbol with Model SXOAT000

Choose Category for SXOA1000
STEP 1. Select a suitable category for this part.

If you can't find one, press "New Category...”

-
and enter a new category of your choice.

Unassigned

STEP 2. Select a suitable symbol for this part.
Select a symbol from the drop down box or press
"Auto Create Symbol” to create a new one.

Define Symbol for SXOA1000

1st Order Discrete Time Filter

-

Auto Create Symbol

Mew Category...

If selecting an existing symbol you must make . b b
sure that the pin order matches the model Bin order + + .
definition shown below. Press "Help” for s
assistance. L .
If you use "Auto Create Symbol” the pin order -
will not need to be changed. o
F -
L L
L L
Edit Pin Names... Lo

Electrical Model - SX0A1000

From: D:%jrw\Documents'SIMetrix’\Examples-83'\5SIMetrix‘Tutorials\Tutorial3.mod, line 14

Opamp

Negative supply--------------—----
Positive supply--------------
output---—--—--—------—- |
Inverting input----| |
Non-inv input-| | |

= [
.subckt SX0A1000 VINF VINN VOUT VCC VEE
I2 D2_N VEE 100U

I1 Q3_E VEE 100U

C1 VOUT R1_F 1l0p

D1 Q7 _C D1I_N D1

D2 D1 ND2 N D1

Cancel

Help

3. First specify a suitable category for the device. In this case it is an operational amplifier, so select

Op-amps from the drop down box labelled Choose Category for SXOA1000.

4. Next define a symbol for this part. Under Define Symbol for SXOA1000 select Operational

Amplifier - 5 terminal.

We have not quite finished yet. Our new op-amp has the wrong pin out for the schematic symbol. The pin

order for the symbol is shown in the third box down on the right and is as follows:

Pin name Function

INP Non-inverting input
INN Inverting input
VSP Positive supply
VSN Negative supply
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Pin name Function
ouT Output

The text at the bottom of the dialog box shows the actual subcircuit definition. Fortunately, it has been
annotated with the function of each of the sub-circuit’s terminals. (This is in fact usually the case with
third-party models). As you can see, the output terminal is in the wrong place. We can change the pin
order using the Pin order up and down buttons:

1. Select out in the pin order box.

2. Click twice on the up button so that it is positioned between inn and vsp. This is what you will now
have:

J Associate Symbol with Model SXOA1000 ? X

Choose Category for SX0A1000
STEP 1. Select a suitable category for this part.

If you can't find one, press "Mew Category...”

i -
and enter a new category of your choice. LTESELE LS SR e
STEP 2. Select a suitable symbol for this part. Define Symbol for SXOA1000
Select a symbol from the drop down box or press
Auto Create Symbal” to create a new one. Operational Amplifier - 5 terminal * | Auto Create Symbol
If selecting an existing symbol you must make .
sure that the pin order matches the model Bin order + *
definition shown below. Press "Help” for "
assistance. np
inn
If you use "Auto Create Symbol® the pin order out
will not need to be changed.
vsp
vsn
Edit Pin Names...
Electrical Model - SX0A1000
From: D:\ jrw\Documents'SIMetrix\Examples-83\5SIMetrix\Tutorials\Tutorial3.mod, Tline 14 ~

Opamp

Negative supply:
Positive supply |
*% QUEPUL==========—eceaaaa | |

= Inverting input----| | |

* Non-inv input-| | | |
= | | | |
.Subckt SX0A1000 VINP VINN VOUT VCC VEE
Iz D2_N VEE 100U

I1 Q3_E VEE 100U

C1 VOUT R1_P 10p

D1 Q7 _C D1I_N D1 w
D2 D1 N D2 N D1

Cancel telp

3. Press OK

You will now find our op-amp listed under the Op-amps category in the model library browser.

3.4.1 Notes

You will not always need to execute the above procedure to associate models and symbols even for
subcircuit devices. SIMetrix is supplied with a data base of over 40000 devices that are already associated.
These are devices for which SPICE models are known to be available from some third party source. This
database is in the file all.cat which you will find in ‘support\devdb’ directory. The information you enter in
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the associate models dialog is stored in a file called user_v2.cat which you will find in devdb/user under
the application data directory - see “Application Data Directory” on page 444.

You will also not need to perform the above procedure for many 2 and 3 terminal semiconductor parts even
if they are not listed in the all.cat database. SIMetrix runs a series of simulations on these models and
attempts to determine what the device type is from their results. If successful, the ‘association’ step
demonstrated above will be skipped.

Finally, there is a method of embedding association information within the model itself, and such models
will not require manual association. The embedding method is described in “Embedded Association” on
page 217.
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Chapter 4

Getting Started

This chapter describes the basic operation of SIMetrix and is aimed primarily at novice users.
The basic steps to simulate a circuit are as follows:
1. Enter the circuit using the schematic editor. See “Using the Schematic Editor” on page 32
2. Add signal sources if relevant to your circuit. See “Circuit Stimulus” on page 129.

3. Specify analysis. This includes what type of analysis and over what limits it should run. See
“Analysis Modes” on page 34.

4. Run simulator. See “Running the Simulator” on page 43
5. Graph results. See “Plotting Simulation Results” on page 43

The following paragraphs briefly describe these steps. More details are given in other sections.

4.1 Simulation Modes - SIMetrix or SIMPLIS

If you have SIMetrix/SIMPLIS, you can set the schematic editor to one of two modes to select whether
you are using the SIMetrix native (SPICE) simulator or the SIMPLIS simulator. To create a new schematic
in SIMPLIS mode use menu File | New | SIMPLIS Schematic and to create a new schematic in
SIMetrix mode, use File | New | SIMetrix Schematic. To switch to from SIMPLIS mode to SIMetrix
mode, use menu Simulator | Switch to SIMetrix mode and to switch from SIMetrix mode to
SIMPLIS mode use menu Simulator | Switch to SIMPLIS mode.

If the schematic is not empty and you change modes, the program will check that all parts entered on the
sheet are compatible with the newly selected simulation mode as not all parts will work in both modes.
Any that are believed not to be compatible will be highlighted and a warning will be issued. To clear the
highlighting, select Edit | Unhighlight (All Open Sheets). You will most likely need to replace those
parts but in some cases you may simply need to re-enter the same part.

If you wish to enter a circuit that will work in both modes, you should enter it in SIMPLIS mode and not
use any of the parts in the menu Place | SIMPLIS Primitives or Place | Digital except Place |
Digital | SIMetrix Compatible Logic Gates. Following this advice will not guarantee a circuit with
dual mode simulation ability but will minimise the chance of placing a device that is compatible with only
one of the simulators.

If you use SIMPLIS predominantly, you may wish to select SIMPLIS as the default simulator for all new
schematics. To do this, select menu File | Options | General... then select SIMPLIS for the Initial
Simulator setting.
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4.2 Using the Schematic Editor

4.2.1 Creating a Schematic

The schematic editor has been designed to be intuitive to use and you may not need to read too much about
it. Here we describe the less obvious procedures.If you have SIMetrix/SIMPLIS, make sure you are in the
correct mode before entering a schematic. See above section.

In the following notes references are made to the schematic tool bar. The diagram above shows the
standard toolbar and the function of each button.

| |
‘ Detach Search
Duplicate Fause
Redo Run Simulation
Undo Wire Mode
Options Zoom In
Print Zoom Out
Save all Zoom Box
Save Flip
Close Mirrar
Open file Rotate
MNew Schematic Cut

{drop down for other types)

To Place a Part

If it is a simple device which only needs a value such as a resistor or capacitor, select the appropriate
symbol from the tool bar or Place menu. For other devices that require a part number, it is easiest to use
the model library browser. Select menu Place | From Model Library and select your desired device.

To Change Value or Device Type for a Part

First select it then double click or select schematic popup Edit Part... or press F7. A dialog box
appropriate for the type of part will be displayed. For devices requiring a model name, a list of available
types will appear.

To Rotate, Mirror or Flip a Part

Use the Rotate toolbar button (see diagram above) or key F5 to rotate a part.

This operation can be performed while a part is being placed or while a block is being moved or copied
(see below).

You can also select a part or block then press the rotate button/key to rotate in-situ.
To mirror a part or block through the y-axis, press the Mirror toolbar button or F6 key.

To flip a part or block (mirror about x-axis), press Flip button or press shift-F6.
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Wiring

There are a number of ways of placing a wire:

Method 1: Place the mouse cursor close to an unselected symbol pin or wire end. Notice the cursor shape
change to depict a pen symbol. Now left click to mark the start point then left click again to mark the final
point. SIMetrix will automatically route the wire for you. You can also mark intermediate points if you
would prefer to define the precise route rather than accept the auto-routed connection.

Method 2: If you have a three button mouse or scroll wheel mouse you can start a wire by clicking the
middle button/scroll wheel. Clicking the middle button or scroll wheel a second time will complete the
wire and start a new one. Click the right button or press escape to terminate wiring.

Method 3: Start a wire by pressing F3 or double clicking the left button. Single clicking the left button
will complete the wire and start a new one. Click the right button or press escape to terminate wiring.

Method 4: Press the Wiring tool button on the toolbar. You can start a wire by single clicking the left
button, otherwise continue as described above. Press the Wire button again to cancel this mode.

Disconnecting Wires

In most cases just selecting the wire then deleting it with the delete key or button is the easiest way.

In some cases, especially if the wire is short, it is difficult to select it. In this instance, hold down the shift
key then select area enclosing the wire. Press delete button.

To Move Items Disconnected

Select items then schematic menu Edit | Detach or the Detach toolbar button. Move items to desired
location then press left mouse key. You can rotate/flip/mirror the items (see above) while doing so.

To Copy Across Schematics

Select block you wish to copy. Choose menu Edit | Copy. In second schematic choose Edit | Paste.

Multiple Selection

Individual items which do not lie within a single rectangle can be selected by holding down the control
key while using the mouse to select the desired items in the usual way.

Selecting Wires Only

Hold down shift key while performing select operation.

Holding Down the ALT Key...

... while selecting will limit part selection to only devices that are wholly enclosed by the selection box.

Zoom Area

Press the Zoom box button on schematic. Drag mouse to zoom in on selected area.
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Zoom Full (Fit to Area)

Press the HOME key to fit the whole schematic in the current window size.

4.3 Circuit Rules

The following design rules must be observed for the simulation to run correctly. Note that most circuits
obey them anyway and they do not impose serious limitations on the capability of the simulator.

* There must always be at least one ground symbol on every circuit.

» Every node on the circuit must have a dc path to ground. For example, two capacitors in series form
a node which does not have DC path to ground. If you do have a floating node, you can provide a
DC path to ground by connecting a high value resistor (e.g. 1G) between it and ground. Capacitors
without initial conditions do not have a DC path. But if you set an initial condition on a capacitor a
DC path is formed and this method is an alternative to using a resistor to provide a DC path.

Also note that inductors with an initial condition do not have a DC path. This is because they are
treated as a constant current during the calculation of the DC bias point.

If using a high value resistor to make a DC path for a transformer winding, we recommend that you
also place a low value capacitor in parallel with it. This is not always necessary but can help avoid
problems with transient analysis convergence. It is best to choose a realistic value that would
represent what the capacitance would really be in the real-world circuit.

¢ There must not be any zero resistance loops constructed from voltage sources, inductors without
initial conditions or capacitors with initial conditions. If you do have such loops you can insert a low
value resistor. You should choose a value that represents what the resistance would be in the real
world, e.g. the actual winding resistance of an inductor, and never use an unrealistically small value.
Very small resistances (e.g. 1 fempto-Ohm) can cause convergence problems.

For loops containing inductors you can break the loop by adding an initial condition to the inductor
instead of adding a resistor.

Failure to observe the above usually leads to a Singular Matrix error.

4.4 Analysis Modes

4.41 Overview

In this section we explain how to setup the most commonly used analysis modes in both SIMetrix and
SIMPLIS (SIMetrix/SIMPLIS product only)

For more comprehensive details on analysis modes, see “Analysis Modes” on page 222 for SIMetrix and
“SIMPLIS Analysis Modes” on page 270 for SIMPLIS .

4.4.2 Setting up a SIMetrix Simulaton

Analysis mode is setup by selecting the menu Simulator | Choose Analysis.... In SIMetrix mode this
displays the following dialog box:
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J Choose Analysis >
Transient AC  DC  MNoise TF SOA  Data  Optons Analysis Mode
Transient parameters D Transient
_ - [ ac
Stop time 1m =
|:| DC Sweep
Data output options [ moise
Start data output @ | = [ pefault [ Transfer function
[] ocop
PRINT step 20U = Default
(® Output al data () Output at FRINT step
Real time noise
[] Enable real-time noise Define...
Monte Carlo and multi-step analysis ok
[] Enable multi-step Define... Run
Selected mode: Mone
Cancel
Define Snapshots... |  Advanced Options. .. Help

To set up the analysis, first check the box on the right according to which analysis you wish to perform.
You can select more than one, but usually it is easier to do just one at a time.

The following describes the most commonly used modes and how to set one up.

Transient

The most useful and general mode. First the bias point is found. Then the circuit is simulated over a fixed
time interval in steps of varying size according to circuit activity. The circuit may contain any number of
time varying voltage and current sources (stimuli see “Circuit Stimulus” on page 129) to simulate external
signals, test generators etc.

Usually you only need to specify the Stop time specified at the top of the dialog box. For information on
the remaining options see “Transient Analysis” on page 225.

DC Device Sweep

A DC device sweep will sweep a specified device over a defined range and compute the DC operating
point of the circuit at each point. This allows, for example, the DC transfer function of the circuit to be
plotted. Note that all reactive elements are ignored in DC sweep.

To set up a DC Sweep, select the DC Sweep check box at the right and the DC tab at the top. You will
need to enter some values in the Sweep Parameters section:
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Tranzient |.-'1'-.I: DT | Maoize |TF |SI:I.f1'-. |Data |I:I|:|ti-:|ns |

Swieep parameters

Start value =
- : = i) Decade
Stop value h %

@ Lirnear
Mumber of pointz |50 %

Device name

b ode: Device

The analysis will sweep the device you specify in the Device name box over the range specified by Start
value, Stop value and Number of points or Points per decade if you select a decade sweep.

The entry in the Device name box is the part reference of the device to be swept and for DC sweep would
usually be a voltage source, a current source or a resistor.

Device sweep is just 1 of 5 modes available with DC sweep. The Define... button allows you to specify
one of the others. See “DC Sweep” on page 236 for details.

AC Frequency Sweep

An AC Frequency Sweep calculates the small signal response of a circuit to any number of user defined

inputs over a specified frequency range. The small signal response is computed by treating the circuit as
linear about its DC operating point.

There must be at least one input source for AC analysis for the results to be meaningful. Connect a voltage
or current source to the circuit, select it then press F7. In the dialog box select the Enable AC check box.
On the circuit, an AC input voltage source will look something like this:

AC1 0
V1

To set up an AC Frequency Sweep, select the AC check box at the right and the AC tab at the top. You will
need to enter some values in the Sweep Parameters section:
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Tranzient | &C | DC |Nnise |TF |5EI.-’-¥. |Data |Elpticuns |

Sweep parameters

Start frequency 1K =
(=l @ Decade
Stop frequency | Tkeg E
- () Linear
=]

Fointz per decade |25

Mode: Frequency

The analysis will sweep the frequency over the range specified by Start frequency, Stop frequency and
Number of points or Points per decade if you select a decade sweep.

Frequency sweep is just 1 of 6 modes available with AC sweep. The Define... button allows you to
specify one of the others. See “AC Sweep” on page 238 for details.

Noise Frequency Sweep

Like AC analysis, Noise analysis is a small signal mode. Over a user defined frequency range, the circuit is
treated as linear about its DC operating point and the contribution of all noisy devices to a designated
output is computed. The total noise at that output is also calculated and optionally the noise referred back
to an input source may also be computed.

To set up a Noise Frequency Sweep, select the Noise check box at the right and the Noise tab at the top.
You will need to enter some values in the Sweep Parameters section:

Transient |Mﬁ |DE Noise | TF |5|:m |Data |I:I|:|ti|:|ns |

Sweep parameters

Start frequency 1k z
= @ Decade
Stop frequency TMeg E -
a © Linear
=

Fointz per decade |25

kode: Frequency

The analysis will sweep the frequency over the range specified by Start frequency, Stop frequency and
Number of points or Points per decade if you select a decade sweep.

You will also need to enter some additional parameters:
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Moige parameters

Qutput node

Iz "Teminal”
Ref node symbal to assign
{optional) names for output
and optional ref
Source name
S nodes
{optional)

An entry in the Output node box is compulsory. It is the name of the circuit node as it appears in the
netlist. Usually the schematic’s netlist generator chooses the node names but we recommend that when
running a noise analysis that you assign a user defined name to your designated output node. You can do
this using a terminal symbol (Place | Connectors | Terminal) To find out more see “Finding and
Specifying Net Names” on page 64.

An entry in the Ref node box is optional. It is the node to which the output node is referenced. If omitted
it is assumed to be ground.

An entry in the Source name box is optional. If specified the noise referred back to it will be calculated.
Enter the part reference of the voltage or current source that is used as the input to your circuit.

Frequency sweep is just 1 of 6 modes available with Noise Analysis. The Define... button allows you to
specify one of the others. See “Noise Analysis” on page 241 for details.

DC Operating Point

To specify a DC operating point analysis, check the DCOP box on the right of the Choose Analysis
Dialog.

Note that the DC operating point is calculated automatically for all the other analysis modes described
above although for noise analysis the results are not stored.

After a DC operating point has been completed, you can annotate your schematic with markers to display
the voltages at each node. Press ctrl-M on the schematic to place a single marker or select the popup menu
Place | Bias Annotation | Auto Place Markers to automatically place markers on all nodes. See
“Viewing DC Operating Point Results” on page 373 for full details.

Other Analysis Modes

Real-time noise An extension of transient analysis which enables noise generators for
noisy devices using the same equations used for small signal noise
analysis. See “Real Time Noise” on page 246.

Transfer function Similar to AC but instead of calculating the response to a (usually) single
input, it calculates the response from all signal sources to a single output.
See “Transfer Function” on page 247.

Sensitivity Calculates the sensitivity of a specified output to device and model
parameters. See “Sensitivity” on page 250.

Multi-step Analyses Transient, AC, DC, Noise and Transfer Function analyses can be run in an
auto-repeat mode while stepping a user-defined parameter. See
“Multi-step Analyses” on page 259.

Monte Carlo Analysis See “Monte Carlo Analysis” on page 411.
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4.4.3 Setting up a SIMPLIS Simulation

SIMPLIS analyses are setup using the same menu as SIMetrix but you must first set the schematic to
SIMPLIS mode. See “Simulation Modes - SIMetrix or SIMPLIS” on page 31 for details.

Select menu Simulator | Choose Analysis.... You will see the following dialog box:

+ Choose SIMPLIS Analysis *

Periodic Operating Point AC Transient

Select analysis
POP Trigger source D POP
Lse "POP Trigger”™ schematic device
| = AC
(Commonly Used Parts-=POP Trigger) [la
|:| Transient

Custom POP Trigger gate |POP Trigger Schematic Device

Save options

C al

() Voltages Only
(®) Probes Only

Trigger condition

O] ;F Rising edge {Jogic low to logic high)

@] -')( Falling edge {Jogic high to logic low)

Timing
Maximum period |1u |: g
Cydes before launching POP |5 |: Cydes
Advanced. . [] Mo Forced Qutput Data
[C] Force Mew Analysis
Ok Run Cancel Help

SIMPLIS has three analysis modes, namely Transient, Periodic Operating Point (POP) and AC. Transient
is similar to SIMetrix transient analysis. POP is a unique analysis mode that finds the steady state of a
switching circuit. AC finds the small signal response of a periodic system.

Transient Analysis

To setup a basic transient analysis:

1. Click on the Transient tab:
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Periodic Operating Poink | AiZ | Transient

Analysis parameters

Skop time im % 5

Skart saving data att= 0 % s Default
Plok data output

Mumber of plok poinks 10k, Default

2. Check the Transient box in the Select analysis section.
3. Enter an appropriate stop time under Analysis parameters.

4. Enter an appropriate selection under Save Options. Its usually best to select All. This will instruct
SIMPLIS to save all data for subsequent plotting.

In most cases the above is all you need to do. For information on the remaining transient analysis settings,
see “Transient Analysis” on page 225.

Periodic Operating Point Analysis (POP)

To setup a POP analysis:

1. Select Periodic Operating Point sheet:
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Periodic Operating Paoink | il | Transient

POP Trigger source

Ise "POP Trigger" schematic device
(Cormmonly Used Parks-=POP Trigger)

Custom POP Trigoer gate | POP Trigoer Schematic Device

Trigger condition
@ ;F Rising edge {lagic law to lagic high)

. -‘t Falling edge {lagic high ta logic low)

Timing
Maximum period 1u 5
Cycles before launching POP 5 % Cycles

2. Check the POP box under Select analysis.

3. Check the Use "POP Trigger" schematic sevice box. You will need to place a POP trigger device
on your schematic. See below.

4. In the Maximum period box, enter a value that is larger than the largest possible value of your
circuits switching period.

You must place on your schematic a POP trigger device. Select menu Place | Analog Functions | POP
Trigger. After placing the device, connect its input to a switching frequency signal. You do not need to
connect the output of this device. Select the trigger device then press F7. Enter suitable values for Ref.
Voltage and Hysteresis so that it will always reliably trigger on the switching waveform. If you don’t use
the output, there is no need to change the other parameters.
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AC Analysis

| Periodic Operating Point | AC | Transierk

Sweep parameters Sweep bype
Start Frequency 1k % Hz @ Decade
Stop Frequency 1Meg % Hz ) Lingar
Points per decade 25 %

To setup an AC analysis:
1. Select AC sheet.
2. Check the AC box under Select analysis.

3. Enter parameters in Sweep Parameters section. These have the same meaning as the equivalent
SIMetrix analysis.

4.4.4 Manual Entry of Simulator Commands

The analysis mode selected using Simulator | Choose Analysis... is stored in text form in the
schematic’s simulator command window also known as the F11 window. If you wish, it is possible to edit
this directly. Users familiar with the simulator’s syntax may prefer this approach. Note that the text
entered in the simulator command window and the Choose Analysis dialog box settings remain
synchronised so you can freely switch between the two methods.

To open the simulator command window, select the schematic then press the F11 key. It has a toggle
action, pressing it again will hide it. If you have already selected an analysis mode using the Choose
Analysis dialog box, you will see the simulator controls already present.

The window has a popup menu selected with the right key. The last item - Edit file at cursor - will open a
text editor window with the file name pointed to by the cursor or selected text item if there is one.

The simulator command window can be resized using the splitter bar between it and the schematic
drawing area.

If you have SIMetrix/SIMPLIS you should use the .SIMULATOR control to mark SIMetrix and SIMPLIS
entries. If SIMULATOR SIMetrix is encountered, all following lines will only work in SIMetrix mode
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and will be ignored by SIMPLIS. Conversely, any lines following .SIMULATOR SIMPLIS will only be
accepted by SIMPLIS and will be ignored by SIMetrix. All lines before any occurrence of .SIMULATOR
or after SIMULATOR DEFAULT will be accepted by both simulators.

4.5 Running the Simulator

4.5.1 SlIMetrix

You can run the simulator using a number of methods:
* Select the Simulator | Run Schematic menu item
e Press F9
¢ Click the Run button in the Simulator | Choose Analysis... dialog box

* Click on the play button

>

A dialog box will show the status of the simulation.

You can pause the simulation by selecting the Pause button on the simulator status dialog box. To restart
select the Resume button (the Pause button changes name when simulation pauses) or the Simulator |
Resume menu item. There is no obligation to resume a simulation that has been paused. If you start a
new run after having paused the previous one, you will be asked whether you wish to abandon the pending
simulation run.

Notes

1. There is no need to specify in advance of the simulation what voltages, currents and/or powers you
wish to look at. By default everything except signals internal to some device models are stored in a
disk file. You can decide after the run is complete what you wish to look at.

2. It is recommended that any schematics are saved before a run is commenced especially if the run is
expected to take a long time.

4.5.2 SIMPLIS

If the schematic is in SIMPLIS mode, the procedure described above will start the SIMPLIS simulator. A
window showing the progress of the SIMPLIS simulation will be displayed.

SIMPLIS can be aborted by pressing the Abort button in the progress window. SIMPLIS, cannot however,
be paused and resumed.

4.6 Plotting Simulation Results

4.6.1 Overview

SIMetrix provides two methods of creating plots of simulated results.

The first approach is to fix voltage or current probes to the schematic before or during a run. SIMetrix will
then generate graphs of the selected voltages and/or currents automatically. The probes have a wide range
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of options which allow you to specify - for example - how the graphs are organised and when and how
often they are updated.

The second approach is to randomly probe the circuit after the run is complete. (You can also do this
during a run by pausing first). With this approach, the graph will be created as you point the probe but will
not be updated on a new run.

You do not need to make any decisions on how you wish to probe your circuit before starting the run. You
can enter a circuit without any fixed probes, run it, then randomly probe afterwards. Alternatively, you can
place - say - a single fixed probe on an obvious point of interest, then randomly probe to investigate the
detailed behaviour of your circuit.

Fixed schematic probes are limited to single ended voltages and currents and differential voltages. The
random probing method allows you to plot anything you like including device power, FFTs, arbitrary
expressions of simulation results and X-Y plots such as Nyquist diagrams. It is possible to set up fixed
probes to plot arbitrary expressions of signals but this requires manually entering the underlying simulator
command, the .GRAPH control. There is no direct schematic support for this. For details of the .GRAPH
control see the “Command Reference” chapter of the Simulator Reference Manual.

4.6.2 Fixed Probes

There are several types of fixed probe. Three of the commonly used probes are:
1. Voltage. Plots the voltage on a net.
2. Current. Plots the current in a device pin.
3. Differential voltage. Plots the voltage difference between two points.

They are simply schematic symbols with special properties. When you place a fixed probe on the
schematic, the voltage or current at the point where you place the probe will be plotted each time you run
the simulation. The probes have a wide range of options which can be set by double clicking it. These
options are covered in detail in section “Fixed Probes” on page 288.

There are more fixed probes available in addition to those described above. See “Fixed Probes” on
page 288 for details.

Fixed Voltage Probes

You can place these on a schematic with the single hot key ‘B’ or with one of the menus:
Probe | Place Fixed Voltage Probe...
Place | Probe | Voltage Probe
schematic popup Probe Voltage

Hint

If you place the probe immediately on an existing schematic wire, SIMetrix will try and deduce a
meaningful name related to what it is connected to. If you place the probe at an empty location, its name
will be a default (e.g. PROBE1-NODE) which won’t be meaningful and you will probably wish to
subsequently edit it.

Fixed Current Probes

You can place these on a schematic with the single hot key ‘U’ or with one of the menus Probe | Place
Fixed Current Probe... Place | Probe | Current Probe schematic popup Probe Current...
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Current probes must be placed directly over a part pin. They will have no function if they are not and a
warning message will be displayed.

Fixed Differential Voltage Probes

These can be placed using one of the menus
Probe | Place Fixed Diff. Voltage Probe...
Place | Probe | Differential Voltage Probe

4.6.3 Random Probes

Most of the entries in the schematic’s Probe menu are for random probing. You can probe, voltage,
current, differential voltage, device power, dB, phase, Nyquist diagrams and much more. You can also plot
arbitrary expressions of any circuit signal and plot signals from earlier simulation runs. Just a few of the
possibilities to get you started are explained below. For a full reference see “Random Probes™ on page 322.

Random Voltage Probing

1. Select the schematic menu item Probe | Voltage...
2. Using the mouse, place the cursor over the point on the circuit you wish to plot.

3. Press the left mouse button. A graph of the voltage at that point will be created. The new curve will
be added to any existing graph if the X-axis has the same units. Otherwise, a new graph sheet will be
created.

Random Voltage Probing - On New Graph Sheet

1. Select the schematic menu item Probe | Voltage (New Graph Sheet)...
2. Using the mouse, place the cursor over the point on the circuit you wish to plot.

3. Press the left mouse button. A graph of the voltage at that point will be created. A new graph sheet
will be created for it unconditionally.

Random Current Probing

1. Select the schematic menu item Probe | Current...
2. Using the mouse, place the cursor at the device pin whose current you wish to plot.

3. Press the left mouse button. A graph of the current at that point will be created. The new curve will
be added to any existing graph if the X-axis has the same units. Otherwise, a new graph sheet will be
created.

Random Current Probing - On New Graph Sheet

1. Select the schematic menu item Probe | Current in Device Pin (New Graph Sheet)...
2. Using the mouse, place the cursor at the device pin whose current you wish to plot.

3. Press the left mouse button. A graph of the current at that point will be created. A new graph sheet
will be created for it unconditionally.
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Probing dB and Phase for AC Analysis

In AC analysis you will probably want to plot signals in dB and you may also want to plot the phase of a
signal.

1. Select the schematic menu item Probe AC/Noise | db - Voltage... for dB or Probe AC/Noise |
Phase - Voltage....

2. Using the mouse, place the cursor over the point on the circuit you wish to plot.

3. Press the left mouse button. The new curve will be added to any existing graph if the X-axis has the
same units. Otherwise, a new graph sheet will be created.

Probing dB and Phase for AC Analysis - On New Graph Sheet

1. Create an empty graph sheet by pressing F10 or selecting menu Probe | New Graph Sheet

2. Proceed as in above section.

Differential Voltage Probing

The schematic menu Probe | Voltage Differential... allows you to plot the voltage difference between
two points. When you select this menu click on the schematic twice. The first is the signal node and the
second the reference node.

Advanced Probing

The menu Probe | More Probe Functions... provides many more probing functions selectable from a
tree structured list. More advanced plotting can be achieved with the menu Probe | Add Curve.... This
opens a dialog box allowing you to enter any expression and which also provides a range of options on
how you wish the graph to be plotted.
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Chapter 5

SIMetrix GUI Environment

5.1 Overview

The SIMetrix user interface provides an environment where multiple views can be managed within a
window. There are a range of views, for example content related views such as the Schematic Editor,
Symbol Editor and Waveform Viewer, along with more system related views such as the Command Shell
and File Viewer. By dragging a views title bar, views can be rearranged within a window into the layout
that best suits your needs.

Before we discuss the layout possibilities, we note that there are conceptually two types of views within
SIMetrix. The first, System Views, provide tools to operate the program, which includes the Command
Shell and File Viewer. The second, Workspace Views, provide means for developing and reviewing
designs, which includes the Schematic Editor and Waveform Viewer.

J SIMetrigSIMPLIS Main Window - o x
File Edit View Simulator Place Probe ProbeAC/Noise Hicrarchy MonteCardo Verlog Tools DVM Help Vieb View |~ [ Schematic Editor |~
D-@XHd@% 9¢ PBA<CHE QQAA 2 PI # | +~L+O08 XX KKEELTDR K Z#FNE

File View [ X]|| untitiea (%]

Add Directory

Analog_Blocks. "
Bridge

Cascomp

cmos

Digital_Devices
Flyback_PSU

General
Generic_AD_conversion
generic_dig

hierarchy

HybridPsU

Laplace

Magnetics

Manchester

Microchip

MicroChip Examples
MonteCarlo

Command shell [=x]
a

Welcome to SIMetrix/SIMPLIS
Version .30 (x64)

Select X1 SIMetrix

vielcome [i] untited

Overview of the User Interface.

In terms of layout, System Views sit on the outside of any Workspace Views. A visualisation of the regions
that can be used to place a System View are shown below. Workspace Views will fill in any available space
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if System Views are not present.

e —

The regions that a System View can be placed (shown in blue), in relation to a Workspace
View (shown in white).

When a view is dragged, these guiding regions shown in blue will be displayed to highlight where a view
can be dragged to. Alternatively, views can be moved to new or existing windows. In the Interaction
section, more detail is given about arranging layouts within a window.

5.2 Interaction

To move any view, move the mouse to the title bar at the top of the view, shown in grey in the figure of a
blank schematic below. The cursor will change to an open hand. Click on the title bar and hold, the cursor
will change to a closed hand. Next move the mouse, causing the View to undock from the window and
begin to be dragged with the mouse. As you move the View, possible places to redock the View will be
highlighted in blue, which will also provide a preview of how the new window layout will look, as shown
in the second figure below. Dragging the view ontop of another view of the same type (either System or
Workspace) will cause those Views to stack on top of each other.
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CFile Edit View Simulstor Probe ProbeAC/Nsise Place Hierarchy Monte Cado  Verilog [ Commend Shel |[Schematic Edior =]
"X dedesss 9¢BcCHEQQQ /P A | s ~L>

Select [xa | | SiMetrix |

A blank schematic. The draggable title bar is shown shaded grey at the top of the
schematic labelled ‘untitled’, along with the drag available cursor.

Cfile Edit View Smulstor Probe ProbeAC/Noice Place Hietrchy Monte Cao Verlog [ Commend Shel | Schematic Edtor 7]
xea S rill 4 )| L=

"EXHdess s 9¢C B3 c0HE

Select EE! | | SIMetrix |

Placement of a View whilst being dragged. If the drag ended at this point in time, the blue
region shows where the dragged View would be placed.
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By default the View’s will split to take up half of the available space when placed next to each other. They
can be resized by moving the cursor in-between them until the cursor shown is visible, then dragging them
to the required size, as shown in the figure below of two schematics placed side-by-side.

File Edit View Simulstor Probe Probe AC/Noise Place Hierarchy Monte Cado  Verilog n[mmmmdshl:.sﬂmﬂﬁtﬁdmr =|
EXHdE s D¢ B CHEAQRAZ PIH (5L
untitled w|X||| untitled i

Select X1 SIMetrix

Two schematics placed side by side. The resize cursor is shown between the two Views.

For Workspace Views, one View in each window will be selected to have application focus. The focus
determines which menus and toolbars are shown and where targeted operations, such as placing a
component, will be carried out. Bold title text in the Views title bar, indicates that the view is selected. To
quickly determine the type of view that currently has application focus, look for the buttons in the top right
of the screen, shown in the figure below of multiple views within the same window. These buttons show
the different Workspace Views that open in the current window. The type of View that has focus will be
highlighted blue. To quickly swap between different Workspace Views of different types, click on the
button of the type of View you want to see. This will display and focus the application on the last View of
that type that was used.

50
SIMetrix/SIMPLIS User’s Manual



5.3. Directory Viewer

J SIMetris/SIMPLIS Main Window - o x
Fle Edit View Help Web Vien |~ Schematic Editor |~ [Waveform Viewer ||| Script Editor |~
w - \DVH\STMet. EXAMPLE_ y =[] oV zode it =
177 ~ |
FEE | om
H 100 [ 150
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5
Flet retval = [, ']
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% else
4 Lot spec_string = “3b rol1-0Tr=ratl,ads roll-oft (- & LFPOTe & 3 15 1 H y
E enait = S
: [ -
< > H
z 100
Line: 29 8
. DVM_EXAMPLE_TL072R \OpAmp.sxsch™ [w]x] 20 150
~
a0 -
Tris sruitruns the et gl Meny spton ~200
DMiiRur(Run Schermatcs Dot Tesan
60 |-
siketoc fFows-| -250
N
Dessrptin 1 -80 [
. | -300
510 100 5001k 10k 100k 1 10M  100M 16
Frequency/Hertz 100MHertz/div
Label Legend Curve label Name Value B
[] DVM GAIN (v2) DVMGAIN (¥2)  gain_crossover freq  2.5279319Me
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>
8 x=1 Y=174797 DWMPHASE(Y)  Group=ac2§
Bz e Bocied = Welcome [} DM Bode Plot ] ac25DVM Loop Phase (Y1) | SIMPLIS DVM TestReport

Multiple Views within the same window. The selected View type, Schematic Editor, is
shown by the highlighted button in the top right of the window.

Views can be moved to new windows by either dragging them outside of their existing window.
Alternately, through the Undock or Dock to... drop down menu option available by pressing the

v

button in the View’s title bar. Similarly, all Views of a type can be undocked to another window by using
the Undock all drop down menu option of the View button at the top right of the window.

5.3 Directory Viewer

The directory viewer is a system view that enables the navigation of SIMetrix related files and directories.

By default, the SIMetrix folder in your Documents directory will appear in this view when you first use
SIMetrix, as shown in the figure below. The view will display the folders within the directory along with
files that are associated with the program. Double clicking on a file will open it in the program.
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File: Wiew E@
Add Directory

4 1 SIMetrix
» ) Debug

»

» . Demo
4 | Examples-80
4 ) DVM
4 ) SIMetrix
4 SIMetri DVM_EXAMP.., |
4 | scripts
. add_properties..,
opamp_init.sxscr
opamp_postpr.

m

= opamp_prepro..
Wl OpAmp.sisch
> Ly SIMPLIS
4 | SIMetrix
4 ) 4046 _PLL
[N 4046_PLLsusch
> | 74297 _PLL

Al T |

The File View. The top level directory, SIMetrix, is the initial default top level directory.
Below that, all sub-directories and application related files are shown.

To add a new top-level directory to the viewer, click Add Directory, then navigate to the directory to add to
the view. When selected, the file viewer will show all sub-directories and files that are associated with
SIMetrix or SIMetrix/SIMPLIS.

To remove a top-level directory, right click on the directory and press Unload Directory.

The right click menu also allows you to open the containing folder for a particular sub-folder or file, create
a new folder and refresh the listings (although in most cases the listing will refresh automatically).

5.4 Interface Styles

The style of the user interface can be swapped between two preset styles, a lighter and a darker style.
These two styles are shown in the two figures below.

To swap between the two styles use: File | Options | Interface Colour.... Doing so will also cause
some schematic styles to be changed.
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Chapter 6

Schematic Editor

6.1 Fundamentals

6.1.1 Schematic Windows and Sheets

Schematic editor windows are Content Views in the SIMetrix GUI Environment. See “SIMetrix GUI
Environment” on page 47.

Creating Schematics
If you have SIMetrix/SIMPLIS, the schematic can operate in one of two modes, namely SIMetrix mode or
SIMPLIS mode and you can select the mode when creating a new empty schematic as follows:

* To create an empty SIMetrix schematic, select menu File | New | SIMetrix Schematic

* To create an empty SIMPLIS schematic, select menu File | New | SIMPLIS Schematic

If you have a SIMetrix-only product use menu File | New | Schematic.

Changing Simulator Mode

If you have SIMetrix/SIMPLIS and you change the simulator mode, select menu Simulator | Switch to
xxx Mode where xxx is either SIMetrix or SIMPLIS.
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6.1. Fundamentals

4 SIMetrix/SIMPLIS Main Window - [m) =
Eile Edit View Simulator Place Probe Probe AC/Noise Hierarchy MonteCarlo  Verilog Tools DVM  Help Command Shell || Web View |v| Schematic Editor |+
J-EXHd @ 9¢ B CEKHEQAQAA Z/ PI # 1 L+ 08 XXX EFELTHH: £ FANME
i 0 0 X [#] ]| [ Partselector [we]|
Symbols ~
MAX16823
MAX3023
MAX5027
MAX5035
MAX35414
MAX5942A
MCP1632_AA_SIMETRIX
100kHz current-mode off-line: flyback converter MCP1632_BASIMETRIX
MCP19033_AAAA
MCP19035_BAAA
uc3ea2
.. uc3ass
N uc3aa
” uc3ess
ZXLD1350
ZXLD1380
ZXSC300
ZXSC310
821 ZXSCADD
" 4 Interfaces
18 . - Opto
- i o Sources
= L [renv Connectors
o= Probes
=% s in e Thermal
] zm Miscellancous
300 Gnd Unknown
1 ‘Workshests
5 VM
!‘] Obsolete h
|Place UC3844
9 ucasie” "
IS
| Rat. VP
P
alvm . o ovet e
o] comp
pap
Select X0.72 Modified SIMetrix &
welcome W] fyback.sxsch®

6.1.3 Editing Operations

In the following notes references are made to the schematic tool bar. The diagram above shows the
standard toolbar and the function of each button.

Close

Open file

Mew Schematic

Save all

Save

Redao
Undo
Options

Print

(drop down for other types)

To Place a Part

|
‘ Detach
Duplicate

Flip
Mirrar
Rotate

Cut

|
Search

Pause
Run Simulation
Wire Mode
Zoom In
Zoom Out

Zoom Box

Parts are most conveniently placed using the parts selector which is located on the right hand side of the
schematic window. If it is not showing, select menu View | Show Part Selector to make it visible. The
part selector is a hierarchical categorised list containing nearly all parts available. When you find the part
you want, click on it then either right click to see menu options or click on the Place link between the list

and the symbol view.
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If you cannot find what you are looking for select menu Place | Search Part... to open the SIMetrix
search tool. You can also use the Search button:

[y

Some commonly used parts can be selected from the parts toolbar.

Once the symbol has been selected, using the mouse, move the image of the part to your desired location
then press the left mouse button. This will fix the part to the schematic. Depending on preference settings
(menu File | Options | General... schematic tab), you may now be presented with another copy of the
symbol for placement. Use left key as before to place, press right key to cancel.

You can rotate, mirror or flip the part before placing it on the schematic using the appropriate toolbar
button or the keys F5, F6 or shift-F6 respectively.

If you place a two-terminal part directly over a wire, the wire will broken to allow the part to be connected
in-line.

Selecting a Single Part
Most operations require items to be selected. When an item (part or wire) is selected, it changes colour to
blue.

To select a single part, just left click it.

Selecting an Area

To select all items within a rectangular area of the schematic press the left mouse key in an empty area of
the sheet and hold down while dragging mouse to opposite corner of rectangle. A rectangular box should
be drawn as you move the mouse. (Note that if the initial cursor position is too close to a wire junction or
part, a move operation will be carried out instead of selection.)

To Change Value or Device Type for a Part

First select it then select schematic popup Edit Part... or press F7. Alternatively, you can just double
click the device. A dialog box appropriate for the type of part will be displayed. For devices requiring a
model name, a list of available types will appear

To Rotate, Mirror or Flip a Part

Click the Rotate toolbar button or press key F5 to rotate a part.

This operation can be performed while a part is being placed or while a block is being moved or copied
(see below).

You can also select a part or block then click the Rotate button or press the F5 key to rotate in situ.
To mirror a part or block through the y-axis, click the Mirror toolbar button or press the F6 key.

To flip a part or block (mirror about x-axis), click the Flip toolbar button or press shift-F6.
Wiring

See “Wiring” on page 60.

56
SIMetrix/SIMPLIS User’s Manual



6.1. Fundamentals

Deleting Wires

Select the wire by placing cursor over it clicking left button. Click the Cut toolbar button or press delete
key.

Disconnecting Wires

Press the shift key, then select area enclosing the wire or wires to be deleted. Press delete button.

To Move a Single Part

Place the cursor within it and then drag it using the left mouse key. You can rotate/flip/mirror the part (see
above) while doing so.

To Move More Than One ltem

Select items as described above. Place cursor within any of the selected items then drag the items to the
desired location. You can rotate/flip/mirror the items (see above) while doing so.

To Move Items Disconnected

Select items as described above then click the Detach toolbar button. Move items to desired location then
press left mouse key. You can rotate/flip/mirror the items (see above) while doing so.

To Move Property Text (Labels)

SIMetrix provides the ability to move property labels simply by dragging them with the mouse but this
method is disabled by default. To enable, use menu File | Options | General... then in Schematic sheet
select Enable GUI property edits in the Property editing box.

Although this is of course a convenient method for moving property labels, our recommendation is that
this method is kept switched off. Our philosophy is that it is better to move the symbol so that the label is
clearly visible rather than move the label itself. See “Notes on Property Text Position” on page 60 for a
discussion.

You can also move a part’s value, by pressing ctrl-F7 and its reference using ctrl-F8. To move any other
property select device then popup Properties | Move... .

To Duplicate Iltems

Select items as described above then click the Duplicate toolbar button. Move the items to your desired
location then press left key to fix. You can rotate/flip/mirror the items (see above) while doing so.

To Copy Across Schematics

Select block you wish to copy. Choose menu Edit | Copy. In second schematic choose Edit | Paste.
To Delete
Select items as described above then click the Cut toolbar button or press the delete key.
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Multiple Selection

Individual items which do not lie within a single rectangle can be selected by holding down the control
key while using the mouse to select the desired items as described above.

Selecting Wires Only

Hold down shift key while performing select operation.

Holding Down the ALT Key...

... while selecting will limit part selection to only devices that are wholly enclosed by the selection box.

Unselecting

Place the cursor in an empty area and press left mouse key.

Unselect ltems Within a Rectangle

You can unselect an area of schematic enclosed by the selection box. Use menu Edit | Unselect |
Rectangle.

To Change a Part Reference

Select part(s) then press F8 or select schematic menu Edit | Change Reference. Enter new reference.

To Correct a Mistake

Click the Undo toolbar button. By default you can backtrack up to ten operations (but this can be changed
with File | Options | General...). If you want to undo the undo operation, select the menu Edit | Redo
menu item.

To Add Text To a Schematic

Select the popup menu item Edit | Add Free Text.... This opens a dialog box prompting you for the text
to be entered. After entering text and closing box you can then position the text where you require using
the mouse.

To Change Text Already Entered

Select the text then press F7 and enter the new text.

To Hide A Part Value

Select popup menu item Hide/Show Value
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To Disable/Enable a Schematic Part
Schematic parts may be disabled so that, for simulation purposes, they behave as if they are not present on
the schematic.

To disable one or more parts, first select them then select right click menu Disable selected. Each of the
disabled parts will grey-out and show with a cross through it.

To re-enable, select then right click menu Enable selected.

Any part may be disabled, including regular components, probes, terminals, module ports, ground symbols
and bus rippers. Be aware that if you use this method to disable an inline current probe, the probe will
become an open circuit.

To Short-circuit a Schematic Part

Schematic parts may be short-circuited so that they appear as a wire connection for the purposes of
simulation. This operation is similar to disabling in that the part is effectively removed from the circuit,
but in addition one or more pairs of pins are connected.

To short-circuit one or more parts, first select them then select right click menu Disable & Short-circuit
Selected. Each of the disabled parts will grey out and show with a thick line connecting one or more
pairs of pins.

For two-terminal parts both pins are connected unconditionally. If the part has more than two pins, the
connected pair or pairs is determined from the value of the SHORTPINS property. This property is in the
form:

nl-n2[,n3-n4]...

Where nl, n2 etc are pin numbers starting from 1. This is the same as the pin-order as defined in the
symbol editor.

For example "1-3" connects pin 1 to pin 3. "1-3,4-6" connects pin 1 to pin 3 and pin 4 to pin 6.

If the part has no SHORTPINS property, no action will be taken and an error message will be displayed in
the command shell. Note that the SHORTPINS property will be read directly from the symbol definition if
not present on the instance.

Breaking Wires

If you place a new two pin part onto the schematic and both pins of the part land on the same wire, thus
shorting out the part, the wire will automatically be broken and so inserting the part in series.

This will also occur when copying, moving or duplicating existing parts as long as the part was not already
short circuited before the operation was started.

The same action will occur for parts with more than two pins if a SHORTPINS property is defined for the
part. SHORTPINS is described above “To Short-circuit a Schematic Part” on page 59.

Zoom Area

Click the Zoom box toolbar button then drag mouse to zoom in on selected area.

Zoom Full (Fit to Area)

Select popup View | Zoom to Fit or press HOME key to fit whole schematic in current window size.

59
SIMetrix/SIMPLIS User’s Manual



6.1. Fundamentals

Zoom Out

Click the Zoom out toolbar button or press F12 to zoom out one level.

You may also zoom out by holding down the control key and rolling the mouse scroll wheel backwards

Zoom In

Click the Zoom in toolbar button or shift-F12 to zoom in one level.

You may also zoom out by holding down the control key and rolling the mouse scroll wheel forwards

Panning

The easiest way to pan the schematic is with the mouse scroll wheel. Just rotate the wheel for vertical pan.
For horizontal pan, hold down the shift key and rotate the wheel.

You may also use the scroll bars, cursor keys and page up and down keys to pan schematic. The left, right,
up and down cursor keys pan the schematic one grid square in the relevant direction and the Page up, Page
down, control left cursor, control right cursor to pan the schematic 10 grid squares.

Notes on Property Text Position

The SIMetrix schematic editor has been designed using a basic principle that it is better to move the part to
make its property text visible rather than move the property. That way the part’s value and other properties
will always have a consistent location relative to the symbol body and there will be no confusion as to
which part it belongs.

If you have a situation where some device label (=property text) clashes with another, your first thought
will probably be to move the label. We ask you instead to think about moving the part that owns the label;
it’s nearly always a better way. In situations where the label is very long, it might be better to hide it
altogether.

If you find that moving the label is the only way then you should be aware of how the positions of property
text are defined.

In SIMetrix, property positions can be defined in one of two ways namely Auto and Absolute. Most of the
standard symbols have their properties defined as Auto. This means that SIMetrix chooses the location of
the property on a specified edge of the symbol and ensures that it doesn’t clash with other properties on the
same edge. Auto properties are always horizontal and therefore easily readable. The position of Absolute
properties is fixed relative to the symbol body regardless of the orientation of the symbol and location of
other properties. When the symbol is rotated through 90 degrees, absolute text will also rotate. Absolute
properties are intended for situations where the precise location is important, such as in a title block.

When a visible property on a symbol is moved by the method described above, it and all other visible
properties on that symbol are converted to Absolute locations. This is the only way that the positions of all
properties can be preserved. This means that once you move a single property on a part, it and all other
properties will rotate with the symbol. For this reason, it is better not to move property text until the
orientation of the symbol has been finalised.

6.1.4 Wiring
Overview

SIMetrix offers both manual and smart wiring methods. In smart mode, you select the start and end points
and SIMetrix will find a suitable route. In manual mode, you place each wire segment individually in
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exactly the locations you require. You don’t need to change global settings to select the mode you desire;
the procedures for each mode are different and so you can freely switch between them from one wiring
operation to the next.

However, in most applications you won’t need to use the manual wiring method. The smart wiring method
can still be used to enter wire segments one by one, simply by selecting start and end points that have an
obvious straight line route. The fundamental difference between smart and manual is that smart mode will
always route around obstacles such as existing wire terminations or whole symbols. In manual mode the
wire will always go exactly where you take it even if it crosses existing connections or passes through
existing symbols.

Smart Wiring Procedure

1. Initiate smart wiring by bringing the mouse cursor close to either an unselected symbol pin or an
unselected wire end. As you do this you will notice that the cursor changes shape to depict a pen
symbol.

2. Click the left button (press and release), to mark the starting point of the wire connection.

3. Move, the cursor to the destination point. This may be anywhere on the schematic, not just at a wire
end or symbol pin.

If there is a viable route from the start point to the destination point, SIMetrix will locate it and draw the
wire route.

Smart Wiring Notes

The smart wiring algorithm use an heuristic algorithm that finds as many routes as possible then chooses
the best one based on a number of criteria. The criteria used in the selection include the number of corners,
the number of wires crossed, the number of property labels crossed and its overall length. It attempts to
find the most aesthetically pleasing route, but as this is somewhat subjective, it may not necessarily find
the route you may have chosen manually. However, in our tests, we have found that it usually finds the
best route for situations where there are no more than 2 or 3 corners required. In developing the algorithm
we paid particular attention to common scenarios found in analog design such as routing the output of an
opamp back to its inverting input and you should find that these common scenarios work well.

Smart Wiring Options

There is two option to control the smart wiring algorithm. Firstly, you can disable the smart wiring
algorithm altogether, in which case the smart wiring procedure will place wires in a similar fashion to the
manual wiring methods.

Secondly, there is an option that controls whether or not the smart wiring algorithm is allowed to route
wires through existing wires that are connected to the start and end points. By default this option is on, i.e.
the smart algorithm is allowed to route through connected wires. If the option is off, the algorithm will not
allow any wires in the route to connect to any existing wire regardless of what it is connected to. In
general, we recommend that the option is left switched.

To change the smart wiring options, select menu File | Options | General.... The two wiring options are
in the section titled Wiring.

Manual Wiring Procedure

If you have a three button mouse you can start a wire by clicking the middle bu