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Abstract 

Abstract  

Avionics Division of Saab AB develops advanced electronics that need to be 
robust and work in harsh environments with for example extreme temperatures 
and cosmic radiation without any failure. To succeed with this the electronics 
need to be simulated and tested. Therefore this thesis work is done to 
strengthen the Avionics Division’s knowledge of hardware modelling and 
simulation by evaluating the simulation tools LTSpice, PSpice and 
SystemVision, their functions and capabilities. 

In this thesis a survey is carried out with help of a questionnaire to study the 
Avionics Division’s needs for simulation. The survey is underlying an analysis 
of the analyses that can be performed by the simulation tools for example 
Sensitivity analysis, Worst Case analysis, Monte Carlo analysis and Parametric 
Sweep analysis. The different analyses are discussed in the thesis. The 
questionnaire is also underlying an analysis of the tools LTSpice, PSpice and 
SystemVision. The result of the analysis is summarized in Table 1.  

A case study of a circuit simulation in SystemVision, based on an existing 
circuit used by Avionics Division, is also done within this thesis work. The 
study is done to evaluate the tool’s usability, to see if it is easy to perform a 
simulation and if it is easy to find and use suitable models from the model 
library. 

The case study describes how a simulation is performed in SystemVision and 
how an AC analysis of a Butterworth filter is done. A stability and reliability 
check of the tool is performed as well as a robustness simulation. The analyses 
were easy to do and the overall impression is that SystemVision is reliable and 
user friendly structured. In order to check and compare the results of the AC 
analysis the same analysis is performed using LTSpice. The comparison shows 
that the results differ. This depending on that the models of the circuit were 
some what different in LTSpice and SystemVision. 

The final conclusion is that SystemVision would fit within Avionics Division’s 
workflow. Using SystemVision demands education of the engineers to secure 
maximum use of all the advantages of SystemVision.  
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Introduction 

1 Introduction 
Saab AB is a Swedish company which develops advanced technology products 
for both the civilian market and military market such as Gripen aircraft and 
military training simulator systems [1]. All together the company consists of 
five business areas, all divided into divisions.  

This thesis is done at Avionics Division of Saab AB. Two examples of what the 
Avionics Division produces are RIGS a head-up display for civilian aircraft, 
which makes it possible for the pilot to land in complete fog, and a mechatronic 
high lift system for commercial airlines. These products are built with world 
leading solutions and the requirements on their electronics are high. To manage 
all these requirements and to ensure the robustness of the electronics Avionics 
Division uses several software and hardware simulation tools. 

Most electronic engineers at Avionics Division simulate their analogue designs 
with tools like LTSpice and PSpice. These tools are restricted to low-level 
simulations because they are based on and use Spice as simulation tool. Spice 
is developed for and can only handle the electronics domain. Simulations of 
larger designs in various abstraction layers have to be done in other tools like 
Saber, SystemVision or Matlab with its toolboxes SimElectronics and 
SimPowerSystems.  

This thesis work is done to strengthen the Avionics Division in its knowledge 
of hardware modelling and simulation tools. It will also present motives why 
the Avionics Division will need to model and simulate its hardware even more 
than is done today.  

1.1 Background 
A simulation tool simulates and validates electronic circuit design. The 
simulations provide better understanding of how the circuits will behave in 
different environments. For example the Avionics Division develops advanced 
technology suitable for flight safety according to the standards DO-254 and 
DO-178 [1]. This demands advanced tests of the electronics which also need a 
longer guaranteed lifetime than 20 years in the rough environment. 

To simulate circuits tools as Spice, LTSpice, PSpice and SystemVision can be 
used. These tools, each one separately, provide knowledge of the behaviour of 
the simulated circuit, which gives opportunities to make the design robust and 
save development time. The time is saved due to that the simulation is faster 
done with a simulation tool in a computer than by building and evaluating the 
circuit in reality [2].  
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The use of Monte Carlo and Worst Case analyses along with statistical tools 
helps the engineer predict how the circuit will behave after it has been 
manufactured and helps to ensure the maximum production yield [2][3]. Each 
of the tools mentioned above has its own pros and cons and in this thesis the 
different tools will be compared and evaluated.  

1.1.1 How a simulation can be done 

In this section a brief explanation of how a simulation can be done is given. 
The first step, when to do a simulation, is to identify the circuit or the function 
of the circuit that needs to be simulated. If the identified function for example 
is a filter, all the filter characteristics need to be set. The filter characteristics 
are tested using Matlab. 

The second step involves selecting a simulation tool. The selected tool needs to 
handle all the desired analyses as well as it has to have all the component 
models. If some models are missing they need to be downloaded or created. 

It is important to identify all the characteristics of the component that are 
needed for the specific simulation. Most simulations only need certain subsets 
of the component’s characteristics. The paper ‘How to Model Power Systems’ 
[4] illustrates the problem through an example where a 10 kΩ resistor is 
simulated. The first question asked is what a resistor really is? A device which 
simply obey ohms law or does the resistance change as a function of the 
temperature? Even if the resistor changes as a function of the temperature, does 
the resistor change its values within the simulation? The second question is if 
the resistor is exactly 10 kΩ? The actual resistor used in the complete system 
has a tolerance of +/- 1 %. If all this is considered before the component is 
modelled it makes the modelling and the simulation easier. The simulation of 
the circuit will also be faster if the calculations that are not needed are not 
calculated [4].  

The third step when simulating a circuit is to prepare the circuit or the function 
in the schematic of the chosen simulation tool. After the schematic has been 
created select the desired analysis and simulate the circuit. Depending on what 
analysis is chosen and the performance of the simulating computer the results 
will be presented shortly. 

The fourth step is to evaluate the circuit or the function by comparing the result 
of the analysis with the requirements in the requirements document. If there is 
any divergence the circuit needs to be complimented or changed or some of the 
components need to be replaced. All in order to get the desired circuit or 
function to work as expected. After the changes have been done it is 
recommended to simulate the circuit or the function once more to secure that 
the desired result is attained. 
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The fifth step is to simulate the circuit with statistical analyses as the Monte 
Carlo analysis or the Worst Case analysis. The statistical analyses are used to 
guarantee the robustness of the circuit. If necessary both step four and five is 
repeated until the results are satisfying. 

The sixth step involves producing the hardware and testing it in the lab. The 
test results from the lab are compared with the results from the simulation. If 
anything diverges go back and do the needed alternations. Finally the circuit 
will be robust enough, fulfilling all the requirements. Then it is ready for 
production in full scale. 

It is important to follow up the simulations done even after the circuit has 
reached the market. This involves securing that the simulations and calculations 
were correct and taking advantage of the work done for future simulations. 

1.2 Purpose and aims 
The purpose of this thesis work is to strengthen the Avionics Division’s 
knowledge of hardware modelling and simulation. To achieve this, the motives 
for why and how the Avionics Division ought to model and simulate its 
hardware must be identified. This is done through a questionnaire, identifying 
simulations done today and expected simulations in the future.  

Based on the results of the questionnaire the next aim of this work is to present 
different simulation tools which might be suitable for the Avionics Division. 
This part includes a presentation of the capabilities and functions of each tool. 

To strengthen the knowledge even more an aim of this thesis is to implement 
one of Avionics Division’s already existing designs into Mentor Graphics 
modelling and simulation tool SystemVision and evaluate if that tool fits 
Avionics Division’s development flow. The tool fits the flow if there are 
possibilities to simulate the same design as is used on the printed circuit 
board (PCB). It was predetermined by Avionics Division that SystemVision 
was to be used for this part of the thesis work. 

1.3 Delimits 
There are several different tools on the market for modelling and simulating 
electronic circuits. In this thesis only Spice, LTSpice, PSpice and SystemVision 
are analysed and compared. In the final part of this thesis only SystemVision is 
used to implement an existing design to test the workflow. Both these 
limitations are done due to limited time.  

At Avionics Division a commonly used simulation tool is HyperLynx. 
HyperLynx simulates the circuits on the PCB and targets other aspects than the 
tools analysed in this thesis. Therefore it is not included in this thesis even 
though it is commonly used. 
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The limitation of time also results in that the check of how accurate the models 
of for example a transistor in the model library are against the reality is 
skipped. Still there will be some kind of control against reality due to the 
comparing between tools. Different tools use different libraries to model the 
components and when the tools calculate the tests they sometimes use different 
algorithms to get the same result. If the results from the different tools do not 
correspond, it indicates that something is erroneous.  

This thesis will not cover the standards DO-254 and DO-178 even if they are 
almost exclusively used in Avionics Division’s circuit designs. The standards 
are so complex that it is not possible to take them into consideration given this 
work’s time limits. Much of the work in this thesis will however discuss areas 
relating to the standards, but nothing specific will be pointed out or described 
within the context of the standards. 

1.4 Method  
The method used in this thesis is based on a project plan from Avionics 
Division. The project plan describes what this thesis should contain. The thesis 
work started out with an initial study of Avionics Division’s needs, following 
the specified elements of the project plan. The initial survey was carried out as 
a questionnaire and can be found in Chapter 3. In section 1.4.1 a more detailed 
description of the method used for the questionnaire is given. 

The project plan also states that a tool analysis is to be done. The tool analysis 
started with a literature study of different simulation tools, analyses and 
electronics’ theory. The literatures were chosen based on their contents and its 
availability. A list of the literature is found in Chapter 9.  

An empirical study of the tool SystemVision was also performed. An 
installation of the DxDesigner tool and the SystemVision tool was first done. 
An existing design was than imported from DxDesigner into SystemVision and 
the tests were performed. The case study of the tool SystemVision is found in 
Chapter 6. 

1.4.1 Survey 

For the survey in Chapter 3 a qualitative approach was chosen. The qualitative 
approach is mainly linked with the interpretivism [5]. The interpretivism 
tradition of research weight the meanings made by people as they understand 
their world. The accuracy of the result in the qualitative method is depending 
on how close to the information source the research is [6].  
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As mentioned before a survey was done to screen the use of simulation at 
Avionics Division. The survey was done through a questionnaire. A 
questionnaire is used when gathering general information. In this case general 
information about how the simulations are done, what kind of tools is used for 
it and what kind of simulations are missing. The method selected to collect data 
about the knowledge of modelling and simulation at Avionics Division was the 
small purpose sampling method [5]. In the small purpose sampling method the 
respondents are handpicked due to their knowledge and profession in the area 
of interest [5]. 

First the answers to the questionnaire were written into an Excel document to 
make the answers more viewable. Secondly the answers were analysed to get 
an overall understanding and the necessary information for this thesis.  

1.4.2 Illustrations 

The illustrations used in this thesis are given as overall examples and are not 
supposed to be studied in detail. Therefore the illustrations are neither 
described nor explained in detail in the figure texts. The illustrations extend the 
information in the text with graphical information in order to visualize the 
meaning of the text.  

1.5 Outline 
This thesis is organized as follows:  

In Chapter 2 an introduction to simulation of electronics is given and different 
ways of minimizing bugs and fixes are accounted for, illustrating why 
simulation is a good alternative when designing circuits. The chapter also 
describes so called abstraction layers to give the reader a better understanding 
of how simulations are done with different extent of details. The chapter ends 
with a description of different types of models which are used by the simulation 
tools analysed in this thesis. 

Chapter 3 contains a study of Avionics Division’s needs for simulation done 
through a survey. This chapter presents the results of the survey. The survey 
was carried out through a questionnaire which in its full format is found in 
Appendix A. The chapter discusses and concludes about the answers. 

Chapter 4 gives information about some of the most common analyses that can 
be performed by simulation tools. The chapter illustrates how the analyses can 
be done by different simulation tools and also how the results can be viewed. In 
the chapter the tools LTSpice, PSpice and SystemVision are used for the 
illustrations provided. The different tools that handle the analyses are discussed 
in Chapter 5.  
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Chapter 5 gives an overview of the simulation tools Spice, LTSpice, PSpice 
and SystemVision, their functions and capabilities. The different tools are 
compared with each other and pros and cons with them are given. All this to 
get a possibility to evaluate the different tools, which is done throughout the 
text and in the summary found in Chapter 5.5. That section also includes a 
summary of Chapter 5 in form of a table to make the comparison easy to over 
look. 

Chapter 6 contains a case study of a circuit simulation in SystemVision, based 
on an existing circuit used by Avionics Division. The case study describes how 
the tool SystemVision is installed as an overlay installation of DxDesigner. It 
also describes how the circuit was loaded into SystemVision and how the 
components were updated to fit the SystemVision simulation. The case study 
goes on with suitable analyses done on the circuit.  

Chapter 7 contains the main conclusions of the whole work and a final 
discussion. 

Chapter 8 gives ideas for future research related to the work performed within 
this thesis. 

 



Theoretical background 

2 Theoretical background 
In this chapter an introduction to simulation of electronics is given and 
different ways of minimizing bugs and fixes are accounted for, illustrating why 
simulation is a good alternative when designing circuits. The chapter also 
describes so called abstraction layers to give the reader a better understanding 
of how simulations are done with different extent of details. The chapter ends 
with a description of different types of models which can be used by the 
simulation tools. 

2.1 Introduction to simulation 
The simulation tools use models to simulate electronic devices. A model is 
described in different ways and one way is as a Spice model and another way is 
as a VHDL-AMS model. The most basic Spice model describes the physical 
properties of the silicon. These physical mechanisms are used, by the 
simulation tool, to calculate the behaviour of the electronic device, as voltage 
and current, in a specific situation. 

The embedded systems of today are highly advanced and it is difficult to take 
care of every aspect when building an embedded system. Fortunately there is 
help available. Saber and SystemVision are examples of tools which are 
simulating hardware, software and mechanical systems in a virtual 
environment. As Saber writes on its web page ‘Software and hardware 
development has become so interdependent that maintaining separate 
development efforts can cost designs 8-20 month’ [7].  

Another way to describe the complexity of today’s electronics is to use 
Moore’s law which indicates that the numbers of transistors which fit on a 
silicon chip are doubled every 24 month [8]. If a programmer or a hardware 
constructor shall be able to take advantage of all these new transistors in 
embedded systems, new ways of working are needed. These new ways of 
producing code also need to minimize the number of bugs. One solution to 
produce more code with minimized amount of bugs is to reuse old code. If old 
code is reused most of the bugs are already found and has been taken care of.  

Another solution to minimize the bugs in embedded systems is by using 
advanced tests. Most of the tests today are done at the end of the production 
cycle when the hardware already is produced and therefore is available for 
tests. This is a way which is not optimal, as to the possibility to do changes in 
the design at an early stage. The ordinary way of working is to develop a circuit 
design, manufacture the board with the circuits on and first at this stage let the 
tests start. This process is time consuming and all the changes found at this 
point are expensive to fix. Especially if one of the changes makes it necessary 
to redesign and reconstruct the whole board.  

12 
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An alternative to advanced tests, which is supposed to be outmanoeuvring the 
most advanced tests in the near future, is simulation. There is just one problem; 
although well developed simulation tools, even today many engineers do not 
trust the computer simulations. The Spice Circuit Handbook [9] gives an 
example where the design engineer is shown a computer simulation where the 
tested circuit has an impedance error. The reaction from the engineer is to 
check the hardware. Even when the same error is shown by the hardware tests 
the engineer wants to go on and try to solve the problem in the hardware. If the 
engineer instead had trusted the computer simulation from the beginning the 
impedance error could have been solved at an early stage of the development 
process and before the hardware for the test was produced. 

Yet one way to produce code with minimized number of bugs is to simulate the 
hardware by a computer using Monte Carlo analysis. The Monte Carlo analysis 
tests several parameters of one or several components and returns a statistical 
overview of the component’s results. The components can be analysed by the 
Monte Carlo analysis without any damages on the hardware or interruptions in 
the workflow. The simulation tool can by using the Monte Carlo analysis 
evaluate the circuit faster than it can be evaluated by hand [2].  

Another way to minimize bugs is by using a Worst Case analysis. This analysis 
gives the designing engineer the possibility to evaluate the complete circuit 
design using all the circuit’s component’s worst case parameters. The test can 
be done without jeopardizing any circuits or hardware, something that can not 
be done in reality [2]. The tool can help the engineer to test the circuit, which 
operates correctly under normal conditions, to secure that it will work normal 
under all specified conditions [9]. During the test it is possible to analyse the 
interacting extremes of for example temperature, pressure and radiation. 

2.1.1 Simulation today and tomorrow 

The usual way to simulate a mechatronic system is by using several simulation 
tools, one tool for each part of the system. Typical parts of a mechatronic 
system are the electronic part and the mechanic part. In the electronics there are 
analogue, digital and mixed signals. The electronics are usually simulated by a 
Spice tool. The mechanical parts are mechanical, electro-mechanical, magnetic 
and electromagnetic [3] and are usually simulated by Matlab.  

The different simulation tools are isolated from each other which lead to that 
each tool requires its own time when modelling the simulation. Unfortunately 
the models can not be transferred between the tools due to lack of 
standardizations. This makes all the setups time consuming. Even do the 
modelling in different tools is time consuming by itself there is lot of time to be 
saved compared with building and testing a real product, which as said is the 
traditional way to test a system.  

13 
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The forthcoming way of simulation is tools which perform analyses in several 
different areas of the system during the same simulation. This means that it is 
enough to model the system once and that the hardware, the software and the 
mechanical designer each can test their own part of the system on a virtual 
environment at an early stage of the development process [3]. During the 
development process the models of the system are getting more and more 
accurate due to that all the involved engineers contribute with their parts and 
that the models are getting more detailed for each part. The forthcoming tools 
can simulate the electronics and the systems in all abstraction layers and even 
at different abstractions layers at the same time.  

To minimize the time to market the companies need to start testing their 
systems earlier in the designing process than done today. This will save lot of 
time as the time it takes to make a change is growing exponential with how 
long in the designing process the bug is found and due to how many design 
stages need to be redone [10]. To minimize the changes at the end of the 
development process and to save expensive development time the tests and the 
development need to run concurrently. It takes less time today to sell the first 
one million units then 25 years ago [11]. 

Benefit by simulating the electronic systems are not just the time, it even 
improves the system quality. The improved quality is achieved when the 
system can be tested and designed concurrently making it possible to achieve a 
final product with minimized amount of bugs and fixes.  

2.1.2 Sources of errors when simulating 

Even if the computer simulations are close to the reality they do not replace the 
hardware tests completely. There are several situations where a simulation tool 
does not give a correct picture of the circuit and a traditional hardware test may 
be a good complement. One situation is when the models in the simulation tool 
use incorrect characteristics compared to the real component. A simulation with 
incorrect models will provide faulty results.  

Another situation is when the used simulation tool does not have the correct 
formulae or when the formulae do not completely cover the whole simulated 
algorithm or when the formulae do not manage the complete situation 
simulated with all possible circumstances.  

14 



Theoretical background 

Yet another situation is when the simulation is done the wrong way. When for 
example all the aspects are not taken care of, such as wrong impedance 
between the stages in the simulated circuit, or when the simulations are done 
incorrectly by the simulating engineer. An incorrect simulation will of course 
provide incorrect results when comparing with reality. 

2.2 Abstraction layers 
The simulation tools which are studied in this thesis manage to simulate the 
electronics in different levels of details. These levels are often in literature 
represented by different so called abstraction layers. To clarify the terms of 
abstraction layers several conceptual frameworks have been developed and one 
example is the Y-chart diagram illustrated in Figure 1. The Y-chart diagram 
was first invented in 1983 and uses three domains where each domain is 
focusing on different aspects of the model [12][13][14].  

 
Figure 1: A visual view of the abstraction layers in a Y-chart diagram [15]. 

The domains described in the Y-chart diagram are the Behavioural, the 
Structural and the Physical domain. Each of these domains is in itself divided 
into several levels of abstraction where the lowest level and also the most 
detailed level is in the middle of the Y-chart diagram.  
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As an example to visualize the Y-chart diagram the book “The system 
designer’s guide to VHDL-AMS” [14] gives an analogue circuit described by 
the algorithms and the circuit’s characteristics. The algorithms of the circuit are 
placed in the outer end of the behavioural domain of the Y-chart diagram. If the 
analogue circuit is an amplifier or a filter, the circuit’s function can be 
described as a transfer function or a mathematical description which is placed 
in the middle of the Y-chart diagram in the behavioural domain.  

The transfer function can be divided into a set of so called macro models which 
are more detailed than the transfer function and therefore closer to the centre of 
the Y-chart diagram. The macro models can further more be divided into even 
more detailed models, so called micro models. The micro models are placed in 
the centre of the Y-chart diagram as they describe the silicon of the circuit. The 
most detailed extent as possible. 

2.2.1 Abstraction layers in Spice 

When simulating electronic devices by a computer the most commonly used 
tool and de facto standard is Spice. The Spice tool used today manages 
simulations in several abstraction layers. The model on the lowest layer of 
Spice describes the silicon inside the plastic chip. When this model is used the 
simulation is performed at the lowest level of the physical domain in the Y-
chart diagram. This is illustrated in Figure 1.  

To gain understanding it is preferred to use a higher abstraction layer when 
simulating [4]. Even when the computer is calculating the simulation the higher 
level of abstraction is preferred because of the minimized number of 
calculations. New tools and modelling languages are developed to be able to 
simulate at higher abstraction layers. New languages like Mast and extensions 
on VHDL as VHDL-AMS are able to model components and circuits at several 
abstraction layers in all domains.  

2.3 Spice models  
As mentioned before the Spice tool is commonly used for simulation. When 
simulating circuits with Spice the simulation tool can use different models of 
the same component. The different models are used depending on what 
simulation or which analysis is done [10]. An example is when simulating an 
operational amplifier within a filter. To calculate a filter the needed number of 
calculations is mostly related to the frequency. Simplifying the operational 
amplifier model minimizes the number of calculations necessary and makes the 
high frequency filter possible to simulate within a realistic period of time. 
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Another example is when simulating the same circuit but with different 
analyses. For example when simulating a switching power supply with the 
transient analysis there is something happening in a near future. This is more 
important than the switching, why the switching does not need to be so 
accurate. Opposite, in an AC analysis the frequency response is the target and 
then the most important thing is the switching part, why a model must be 
chosen that returns high accuracy.  

When simulating a passive component the Spice models often only handle a 
certain range of the frequency band. The Spice model for example does not 
include parasitic elements like equivalent series resistance or parasitic 
inductance. The parasitic elements derive from the components’ leads and its 
packaging which make them unavoidable and dependent on the package [10]. 
The parasitic elements, which are illustrated in Figure 2, can dominate the 
simulations so to skip them when simulating is a disaster. To include these 
parasitic elements would however be incorrect as they would make the model 
too complex and the simulation overloaded with unnecessary calculations. The 
parasitic elements must however be included when they are justified and it is 
up to the simulating engineer to know when.  

 
Figure 2: A model of a NPN transistor (Q1) with parasitic elements (all other parts). 

The electronic circuits are always modelled over a finite range of frequencies in 
Spice due to the complexity and the unnecessary information. Even the nodal 
equations that the Spice tools use when calculating the transient analysis are 
not valid in the whole frequency range [2]. 
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The electronic device manufacturer does not always publish a correct Spice 
model or does not publish all data about an electronic device. These two things 
can make the simulation models incorrect [3][4]. If the model does not exist in 
the simulation tool it is often easier to reparameterize a similar model or 
functional equal model than to create a complete new model. It is also to prefer 
to change the model description before creating a complete new model to make 
sure that no parameter is missing [4].  

The commercial Spice tools are enclosed with, depending on which tool, 
several hundreds of models. The enclosed models are widely used in many 
simulations which make them very precisely. Depending on the extent of 
details of the model it relies to one out of three kinds of Spice models; micro, 
macro or behavioural model. 

2.3.1 Spice micro model  

The most accurate way to describe a silicon device is named a micro model. 
The micro model is modelled exactly as the silicon and is usually used by the 
silicon manufacturer to build new components as they serve as blueprints for 
the components [10][16]. The manufacturers of the silicon devices do not often 
provide the micro model to buyers because it contains the complete silicon 
model [10]. The micro model is therefore exposing too much information to the 
competing companies within the electronic industry. Examples of parameters 
which are deliberately left out are carrier lifetime, doping concentration and 
mobility [16]. 

The micro model is the most accurate model and also the most time consuming 
model to use when simulating [10]. The micro model is time consuming due to 
all the calculations that need to be done to get the results. As the model is very 
detailed it is placed in the centre of the Y-chart diagram which is illustrated in 
Figure 1. 

2.3.2 Spice macro model  

In the middle of the physical domain in the Y-chart diagram a simplified model 
of the micro model usually called a macro model can be found. A macro model 
of an amplifier is illustrated in Figure 3. The illustration describes an 
operational amplifier where the gain is modelled by a gainer and the Rin is an 
ordinary resistor which has the same resistance as the operational amplifier. 
The Rout is modelled by a resistor in series with the output [10]. Through doing 
the simulation this way it is possible to save many time demanding calculations 
as the operational amplifier as a micro model would have contained hundreds 
of transistors but as the described macro model contains no transistors. This 
simplified model can be used, among others, to simulate the gain in the circuit 
[10].  
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Figure 3: A macro model of an operational amplifier which normally contains several 

hundreds transistors. 

2.3.3 Behavioural model 

When simulating big circuits the run time of the simulation can vary from 
several hours and up, depending on the circuit. To avoid very long calculation 
times there is an alternative to the micro and macro models, if the simulation 
does not need complete accuracy. This alternative is usually called the 
behavioural model.  

The behavioural model describes the behavioural of the model as a transfer 
function [10]. The transfer function describes the connection between input and 
output as a Laplace transform. The simulation tool can make a transfer function 
of an ordinary model called Transfer function analysis. The transfer function 
model can then be used by the simulation tool as a behavioural model to 
simplify and minimize the number of calculations, speeding up the simulation 
time needed.  

An example is when constructing a filter. The filter properties can be described 
with a transfer function instead of calculations for each and every device in the 
analogue filter. Many calculations can therefore be skipped during the 
simulation which will contribute to speed up the simulation time.  

2.4 MAST 
When simulating circuits the Spice models are not flexible enough to model all 
desired combinations. To extend the models and make them more flexible new 
model languages have been created.  
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The MAST hardware description language was first released in 1986 by a 
company named Synopsys. MAST is able to model both analogue and mixed 
signals and models both analogue and event-driven behaviour. An event-
trigged model is a model where there is no need to calculate until a special 
event occur. An example of an event-trigged model is a voltage comparator [7].  

MAST is mostly used by IC suppliers, ASIC vendors and EDA tool providers 
and uses an interface to access C++ and FORTRAN routines within a model. 
The routine helps to reuse existing models from other languages. MAST uses 
hierarchy when modelling and it encourages reusing old models, which is seen 
as an advantage. MAST manages several areas when simulating such as 
thermal, mechanical, hydraulic and optical systems. The language also handles 
S-domain and Z-domain models. All the models can be described in their 
native units [7]. An example of a MAST model is given in Figure 4 where a 
resistor is modelled with temperature effects added. 

 
Figure 4: A MAST model of a resistor with temperature effects added. 

MAST models are stored as ASCII files and are possible to encrypt. The ASCII 
coding makes the models easy to exchange between computers. The parameters 
are defined in three ways; predefined, custom or correlations [7]. MAST 
provides features for statistical analysis but to be able to do this kind of 
advanced simulations the models need to be prepared in advanced with the 
correlations defined parameters.  

2.5 The VHDL-AMS model 
VHDL-AMS is an extension of the programming language very high speed 
integrated circuits hardware description language (VHDL) with features to 
model analogue signals. VHDL-AMS is an Institute of Electrical and 
Electronic Engineers standard (IEEE 1076.1-1999) and has several useable 
packages to make models of electronic devices. Examples of these packages 
are electrical_systems, mechanical_systems, fluide_systems, thermal_systems, 
math_real and fundamental_constants [14]. 
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The electrical_systems package for example contains models of electronic 
devices and uses types like voltage, current, charge, resistance, capacitance, 
inductance and flux. These types are helpful when modelling the components 
in VHDL-AMS. The modelling and simulations in VHDL-AMS can be done in 
several abstraction layers at the same time which is an advantage. 

The VHDL-AMS models can handle different amounts of characteristics 
depending on the performed simulation. The different amount of characteristics 
can be used when for example a simulation is done on a switched power stage. 
A switched power stage uses switching at the rate of 100 kHz or more which 
makes it possible to save many calculations through using a transient analysis. 
Almost the only situation when a model needs to have all its characteristics is 
when it is used in a library. This is because that it will be used in many 
different projects and serves many different situations and that it needs to be as 
accurate as possible [4].  

A VHDL-AMS model can in the electrical domain simulate the behaviour of a 
single resistor up to a complete circuit with several hundred transistors as 
operational amplifiers. The modelling engineer using VHDL-AMS builds the 
complete component algorithm and has full control of how the components are 
simulated and how accurate the models are. An example of a VHDL-AMS 
model is given in Figure 5 where a resistor is modelled with temperature effects 
added. In Figure 4 the same model is shown as a MAST model. 

 
Figure 5: A VHDL-AMS model of a resistor with temperature effects added. 
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The big difference between models which are Spice based and VHDL-AMS 
based is the way of providing the mathematical formulae when calculating the 
circuits. The Spice tools are distributed with all the needed formulae and the 
Spice models contains all characteristics to the formulae. In VHDL-AMS all 
the formulae are provided within the model of the component. This is 
illustrated in Figure 5, where the formulae to calculate the resistor is located 
from line 20 to line 22. The tool uses these formulae to calculate the values.  
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3 Survey 
In this thesis a study of Avionics Division’s needs for simulation is done 
through a survey. This chapter presents the results of the survey. The survey 
was carried out through a questionnaire which in its full format is found in 
Appendix A.  

Each of the following sections, except Section 3.1, relates to one question. First 
a background to the question is given, upon which the question itself is 
recalled. After the question some of the answers follow, summarized and 
rewritten. Last under each section is a short analysis of the answers to the 
specific question. The chapter ends with a conclusion. The result of this 
analysis is used when the comparison is done between the simulation tools in 
Chapter 5.  

The complete results of the survey are only exposed to Avionics Division due 
to confidentiality. The answers to each question are therefore summarized in 
the following text in this chapter. 

3.1 The accomplishment of the questionnaire 
As already mentioned the survey was done through a questionnaire. A 
questionnaire is used when gathering general information. In this case general 
information about how the simulations at Avionics Division are done, what 
kinds of tools are used for it and what kind of simulations are missing. 

The method selected to collect data is the small purpose sampling method. In 
the small purpose sampling method the respondents are handpicked by their 
knowledge and profession in the area of interest [5].  

The questionnaire consists of two different types of questions. The first type of 
question is a closed question. At the closed question the respondent is presented 
with a number of alternative answers. The respondent can choose to mark zero 
up to all the alternative answers. The advantage with a closed question is that it 
guides the respondent’s answers which clarify the kind of answers sought. The 
closed question type can be used to collect quantitative data [5].  

The questionnaire also uses open questions. The open questions generate 
qualitative data which gives the quantitative data a supplement. The open 
questions are used to get the respondent’s own word in reply. The advantage 
when using open questions is that the answers are qualified and that they let the 
respondent answer the questions precisely. Another advantage is that if the 
respondent do not understand the question it will be clear through the answer. 
The open question type can be used to collect qualitative data [5]. 
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A disadvantage with using a questionnaire is that the response rate tends to be 
low. Another disadvantage is the difficulty to get a cross-section of the 
population. To avoid a low response rate the questionnaire used for this thesis 
was introduced during an oral presentation of the subject and followed up by 
several reminders of the importance in answering. The questionnaire was also 
directed to handpicked persons which makes the response rate higher [5].  

The questionnaire was sent out to 32 respondents where of 24 were 
handpicked. 13 of them answered. There were answers from pure analogue 
engineers as well as pure digital engineers. The answers from the pure digital 
engineers will make the answers look odd but can be valuable for the result 
where as a pure digital engineer is used to different simulation tools than those 
only working with analogue electronics.  

3.2 Type of hardware designed today 
The first question is asked to gain knowledge of what type of hardware the 
respondent is designing today. The knowledge is used to define what type of 
simulations the chosen tool must be able to manage. The question is a closed 
question and reads:  

 
The answers show that all three categories are represented at Avionics Division 
and that it is important that the simulation tools manage all three types of 
hardware. This indicates already at this stage of the thesis work that the chosen 
simulation tools need more features than today’s commonly used Spice has to 
offer and that newer tools which also handle mixed signals are to prefer. A 
deeper analysis of this will be performed in Chapter 5. 

3.3 Thoughts about simulating hardware 
The second question is asked to gain knowledge of what the respondent thinks 
about simulation. The response to this question is used to collect thoughts and 
ideas about simulation and simulation tools from the respondent. The question 
is an open question to allow the respondent to express his or hers thoughts and 
reads:  
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The response to this question is divided into three parts: Purpose of simulation, 
Wish list for future simulations and Pros and Cons with simulation. In section 
3.3.4 conclusions of all the answers are given. 

3.3.1 Purpose of simulation 

Some of the answers to the main question were related to what simulations are 
used for today. Here follows a summary of the answers:  

• To confirm functions and solutions of circuits. 
• To verify how circuits behave in different environments.  
• To make it possible to switch the characteristics of the device during the 

simulation. 
• To use the simplicity of building the circuits in the computer 

environment instead of on a breadboard or in the lab.  

3.3.2 Wish list for future simulations 

Some of the answers to the main question were related to thoughts about future 
simulations. Here follows a summary of the answers:  

• Positive if only one simulation tool could manage all simulations. 
• Positive if the tool could model and simulate the complete mechatronic 

system and especially in the transient mode. 
• Positive if the tool could simulate circuits on a higher level of 

abstraction. 
• Positive if the tool could simulate circuits not only in the ambient 

temperature (27 degrees Celsius) but also in the upper and lower 
extremes to ensure the robustness of the circuits. 

• Positive if the tool would include models of small designs ready to use 
in new designs.  

3.3.3 Pros and Cons with simulation 

Some of the answers to the main question were related to Pros and Cons with 
simulation. Here follows a summary of the answers:  

• It is positive to be able to secure that the circuit is correct with no bugs.  
• It is positive to be able to avoid lengthy and costly integrations or 

quality problems.  
• It is positive to be able to avoid costly investigations on complete PCB 

with bugs.  
• A disadvantage is doubts about the usability when simulating large 

complex designs.  
• Another disadvantage is that it takes much effort to get relevant data to 

put into the simulations and to interpret the output data.  
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• Yet another disadvantage is difficulties to verify the correctness of the 
models.  

3.3.4 Conclusions  

Conclusions drawn from the answers to question number two are that the 
chosen simulation tools need to handle advanced simulations and that the tools 
need to be simple when changing the characteristics of the simulated 
components. The tools also need to illustrate the behaviour of the circuit in a 
simple way and give the possibility to measure not only the most obvious 
values but also values which can be unmeasurable in a real lab environment.  

Other conclusions drawn from the answers are that there is a need of 
simulations in both the upper and lower temperature extremes and that the tool 
should have small circuits that could be used and modified.  

This thesis will use the answers and these conclusions when illustrating and 
discussing the simulation tools in Chapter 5. Still it is possible to already now 
state that the most of the tools today manage all these requirements but that 
their interfaces differ. 

3.4 Complexity and level of the hardware design 
The third question is asked to gain knowledge of how complex the hardware is 
that the respondent is designing today. The knowledge is used to decide how 
advanced the simulation tools at Avionics Division need to be. The answers are 
used when the simulation tools are selected for the following tool analysis.  

The question is an open question but includes frames of reference to guide the 
respondent’s answer and reads: 

 
The gathered response to this question decides which types of analyses are 
needed. The answers illustrate that there are varying complexity of the circuits 
that are simulated at Avionics Division today. The simulation tools must 
therefore handle both the most basic simulations and more complex ones.  

26 



Survey 

Some example of simulations that the simulation tools need to manage are 
several operational amplifiers, mixed signals, DC/DC transformers, complete 
high power module and simulations of complete systems. The answers also 
show that the simulation tools must be able to simulate digital IC, signal 
integrity, DC-drop, crosstalk and rise and fall time. The last examples of 
simulations must be done when the PCB has been drawn up and is therefore not 
part of this thesis. 

The conclusion drawn from the answers is that the chosen simulation tool 
needs to be advanced or that several complementary tools need to be available 
to cover all possible simulations. 

3.5 Experiences from simulating hardware 
The fourth question is asked to gain knowledge of the experiences that the 
respondent has from simulation today. The question is divided into several 
subquestions: Simulation of hardware today, Used simulation tools, Properties 
observed, Simulation of functionality and Lack of hardware analysis. In 
Section 3.5.6 conclusions are given.  

The knowledge is used when the simulation tools are selected for the following 
tool analysis, which is done to define the capabilities of each tool. The main 
question reads: 

  

3.5.1 Simulation of hardware today 

The first subquestion is an open question to allow the respondent to express the 
experience of simulation today and reads: 

 
The response to this question decides which types of analyses the tools need to 
manage or replace or extend. The response tells that the circuits are both tested 
in the lab and calculated, often by hand. The response to this question also 
shows that the simulations are done on smaller parts of the circuits instead of 
on the complete circuit. Examples of properties that are measured are timing, 
length of wires, load on busses, fast interfaces and crosstalk. 
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3.5.2 Used simulation tools 

The second part of the question is asked to gain knowledge of the tools used 
today when simulating the circuits. The question is an open question to allow 
the respondent to express all the tools used and it reads: 

 
The response to this question gives knowledge of what tools the circuits are 
simulated with today and what kind of analyses the tools need to replace or 
extend. The answers collected show that the tools LTSpice, PSpice, 
HyperLynx, ModelSim and Excel are used. 

3.5.3 Properties observed  

The third part of question number four is asked to gain knowledge of the 
properties observed today when simulating the circuits. The question is an open 
question to allow the respondent to express all the properties observed and it 
reads: 

 
The response to this question decides which types of properties the simulation 
tools need to manage. Here follows a summary of the answers: 

• Transient analysis  
• Phase margin  
• Sensitivity to variations in component’s value  
• Power dissipation 
• Crosstalk 
• DC-drop 
• Undershoot and overshoot 
• Rise and fall time levels 
• Frequency response 
• Phase and amplitude margins 
• Voltage and current levels 
• Input and output limits 
• Signal distortion 
• Reflections 
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• Timing 
• Propagation delay 
• DC-levels  

3.5.4 Simulation of functionality 

The fourth part of question number four is asked to gain knowledge about if the 
respondent simulates functionality in his or her simulations. The knowledge is 
used to define today’s needs for simulation of functionality. The question is a 
closed question and it reads: 

 
The gathered response to this question decides if the chosen simulation tools 
need to be able to simulate functionality. The collected answers show that not 
all of the engineers at Avionics Division simulate functionality. 

3.5.5 Lack of hardware analysis 

The fifth part of question number four is asked to gain knowledge about if there 
is any lack of hardware analyses when simulating today’s circuits. The 
knowledge is used when the simulation tools are analysed to see if there are 
tools available that can meet the needs. The question is an open question to 
allow the respondent to express all the missing analyses with own words and it 
reads: 

 
The response to this question shows if there are any missing analyses which 
could help when simulating circuits. Here follows a summary of the answers: 

• Integration between the complete circuit boards. 
• Not analysis but lack of models. 
• Probability estimation with help of experience. 
• PCIe and RapidIO when using SPICE-files. 
• Systematic tolerance analysis. 
• Function simulation of analogue functions. 
• Integration (digital against switched power supply). 
• Power qualities. 
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3.5.6 Conclusions 

Conclusions drawn from the response to the first subquestion are that the 
chosen simulation tools need to be able to extend the tests done in the lab and 
to give the engineer a tool that in a simple way extends or replaces the needed 
calculations. The tools also need to be able to simulate larger circuits to extend 
today’s simulations.  

The conclusion drawn from the answers to the second subquestion is that most 
simulations today are performed in LTSpice and that a few simulations are 
done with the tool HyperLynx. The chosen simulation tools need to be able to 
extend or replace the tests done in LTSpice and HyperLynx. The tool 
HyperLynx is as described earlier not part of this thesis. 

The conclusion drawn from the answers to the third subquestion is that the 
chosen simulation tools need to be advanced and able to simulate the circuits in 
all their stages from the first small circuit till when it is drawn on a PCB. 

The conclusion drawn from the answers to the forth subquestion is that the 
chosen simulation tools need to handle functionality simulations. 

The conclusion drawn from the answers to the fifth subquestion is that the 
chosen simulation tools need to be able to extend the simulations done today as 
the respondents according to the answers lack several hardware analyses. 

3.6 Ensuring accurate data 
The fifth question is asked to gain knowledge of how the respondent ensures 
that the data from the simulations done today are accurate. The response to this 
question is used to investigate if the analysed simulation tools can extend the 
simulation accuracy. The question is an open question and reads:  

 
The response to this question shows if there is anything which helps to gain the 
accuracy when simulating the circuits. Here follows a summary of the answers: 

• Checks correlations against a special test rig. 
• Compares the result with theoretical calculations. 
• Compares with datasheets. 
• Hardware measurements in the laboratory. 
• Board level tests. 
• The new models are imported into a special test circuit. 
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The conclusion drawn from the response is that the chosen simulation tools 
should be able to extend the simulations and compare the results against the 
results from the lab. Another conclusion is that the chosen simulation tools 
should help the engineer to extend or replace and automate the needed manual 
calculations in a simple way. 

3.7 Ensuring enough data 
The sixth question is asked to gain knowledge of how the respondent ensures 
that the simulations produce enough data. The response to this question is used 
to investigate if the analysed simulation tools can extend the simulation 
accuracy. The question is an open question to allow the respondent to express 
his or hers thoughts and reads:  

 
The response to this question shows if there is anything which helps to gain the 
accuracy when simulating the circuits. Here follows a summary of the answers: 

• Ensure correct setup in the tool. 
• Have knowledge about the tool. 
• Make variation in the steps. 
• Use the engineer’s experience.  
• The simulations do not get better than what is put into them. 

The conclusion drawn from the answers to the sixth question is that each of the 
chosen simulation tools should be able to do the same simulation in different 
ways to ensure the correctness of the simulation. Another conclusion is that the 
chosen simulation tools should help the engineer to ensure that the simulation 
is simulating the circuits correct. Yet another conclusion is that the engineer 
needs experience and knowledge about the tool, this is why education in the 
chosen tools is important. 

3.8 Ensuring accurate models 
The seventh question is asked to gain knowledge of how the respondent 
ensures that the simulations use correct models. The response to this question is 
used to investigate if analysed simulation tools can extend or simplify the tests 
done to secure correct models. The open question reads: 
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The response to this question shows if there is anything which helps to gain the 
accuracy of the models when simulating the circuits. Here follows a summary 
of the answers: 

• Compares with the hardware result in the lab. 
• Assert based test benches. 
• Simulates the models on the lowest abstraction layer and compares the 

result with datasheet or real tests. 
• Trusts the model if the experience tells that the output is correct. 
• Runs simple cases that can be verified from datasheets and calculations. 

The conclusion drawn from the answers to the seventh question is that the 
results from the chosen simulation tools should be possible to compare with 
hardware analyses’ results. Another conclusion is that the chosen simulation 
tools should have assert based test benches to help the engineer to ensure that 
the simulation is correct. An assert based test bench is where the model itself 
flags or stops the simulation if some value is to high or something else is not 
correct. 

3.9 Ensuring the correct formulae 
The eighth question is asked to gain knowledge of how the respondent ensures 
that the simulations use correct formulae. The response to this question is used 
to investigate if the analysed simulation tools are able to help ensure the use of 
correct formulae when simulating. The open question reads: 

 
The response to this question shows if there is anything which helps to ensure 
that the simulation tools use correct formulae when simulating the circuits. 
Here follows a summary of the answers: 

• Checks manuals of how the models are built. 
• Compares with the hardware result in the lab. 
• Runs simple cases that can be verified from datasheets and calculations. 
• Runs the same simulation in different tools. 
• Deepens the knowledge about the models and the simulation tools. 

The conclusion drawn from the answers to the eighth question is that the results 
from the chosen simulation tools should be possible to compare with the 
hardware analyses’ result. Another conclusion is that the engineer needs 
experience and knowledge about the tool used, why education is important. 
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3.10 Needs when simulating the hardware 
The ninth question is asked to gain knowledge about the needs for simulating 
that the respondent sees today. The question is divided into several 
subquestions: Internal risk mitigation, Robust hardware, Design reuse, Reduced 
manufacturing costs, Simplified HW/SW integration, Simulate mixed analogue 
and digital circuits, Thermal simulation, Rapid examination of design tradeoffs, 
Validation of requirements by simulation, Simulate glitches, Simulate delay 
variances, Simulate reliability, error detection and correction and Fault 
injection within the simulation. In section 3.10.14 a short conclusion is given. 

The knowledge is used when the simulation tools are selected for the following 
tool analysis, which is done to define the capabilities of each tool. The main 
question reads: 

  

3.10.1 Internal risk mitigation 

The first subquestion is a closed question and reads: 

 
The response to this question gives knowledge about if internal risk mitigation 
is important when simulating. The overall response shows that internal risk 
mitigation is important at Avionics Division today. 

3.10.2 Robust hardware  

The second subquestion is a closed question and reads: 
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The response to this question gives knowledge about if it is important to secure 
more robust hardware through the simulations. The gathered response shows 
that it is important to secure robust hardware at Avionics Division today. 

3.10.3 Design reuse  

The third subquestion is a closed question and reads: 

  
The response to this question gives knowledge about if simplified design reuse 
is important. The gathered response shows that the majority of the respondents 
sees a need for simplified design reuse. 

3.10.4 Reduced manufacturing costs  

The fourth subquestion is a closed question and reads: 

  
The response to this question gives knowledge about if it is important to use 
simulations as a tool to reduce the manufacturing costs. The gathered response 
shows that the majority of the respondents thinks that it is important to reduce 
the manufacturing costs through the use of simulations. 

3.10.5 Simplified HW/SW integration  

The fifth subquestion is a closed question and reads: 
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The response to this question gives knowledge about if it is important to 
simplify HW/SW integration with help of simulations. The collected response 
shows that the majority of the respondents thinks that it is important to simplify 
HW/SW integration. 

3.10.6 Simulate mixed analogue and digital circuits  

The sixth subquestion is a closed question and reads: 

 
The response to this question gives knowledge about if it is important to 
simulate mixed analogue and digital circuits. The gathered response shows that 
the majority of the respondents thinks that it is important to be able to simulate 
mixed analogue and digital circuits at Avionics Division today. This result will 
probably be decisive for which simulation tool is to be chosen, as it limits the 
range of selectable tools. 

3.10.7 Thermal simulation 

The seventh subquestion is a closed question and reads: 

 
The response to this question gives knowledge about if it is important to do 
thermal simulations. The gathered response shows that the majority of the 
respondents thinks that it is important to be able to perform thermal 
simulations. 

3.10.8 Rapid examination of design tradeoffs 

The eighth subquestion is a closed question and reads: 
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The response to this question gives knowledge about if it is important to do 
rapid examination of design tradeoffs through the use of simulations. The 
gathered response shows that the majority of the respondents thinks that it is 
important to be able to do rapid examination of design tradeoffs. 

3.10.9 Validation of requirements by simulation 

The ninth subquestion is a closed question and reads: 

  
The response to this question gives knowledge about if it is important to 
validate requirements already at the simulation stage of the development 
process. The gathered response shows that the majority of the respondents 
thinks that it is important to be able to validate requirements using simulation 
tools. 

3.10.10 Simulate glitches 

The tenth subquestion is a close question and reads: 

 
The response to this question gives knowledge about if glitches are important 
to simulate. The gathered response shows that the majority of the respondents 
thinks that it is important to be able to simulate glitches. 

3.10.11 Simulate delay variances 

The eleventh subquestion is a closed question and reads: 
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The response to this question gives knowledge about if the delay variances are 
important to simulate. The gathered response shows that the majority of the 
respondents thinks that it is important to be able to simulate delay variances. 

3.10.12 Simulate reliability, error detection and correction  

The twelfth subquestion is a closed question and reads: 

 
The response to this question gives knowledge about if reliability, error 
detection and correction are important to simulate. The gathered response 
shows that the majority of the respondents think that it is important to be able 
to simulate reliability, error detection and correction. 

3.10.13 Fault injection within the simulation tool 

The thirteenth subquestion is a closed question and reads: 

 
The response to this question gives knowledge about if fault injection is 
important within the simulation tool. The gathered response shows that the 
majority of the respondents thinks that it is important to be able to use fault 
injection. 

3.10.14 Conclusion 

The conclusion is that all the subparts of the question are important. A note is 
that not all the respondents answered yes to all questions as they were expected 
to do. 

3.11 Hardware complexity  
The tenth question is asked to gain knowledge of the hardware complexity of 
future simulations. The response to this question is used when analysing and 
comparing the simulation tools in Chapter 5. The question is an open question 
to allow the respondent to express the thoughts and reads:  
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The response to this question points out how complex the future systems might 
be that might be objects for simulations. This knowledge helps decide what the 
chosen simulation tools must be able to full fill, so Avionics Division can be at 
the frontline of simulation. Here follows a summary of the answers: 

• The complete system. 
• The complete analogue board. 
• Simplified integration between PCB. 
• The complete system in a virtual environment. 
• Connect the electronics to some mechanics. 
• In all level in the system. 

The conclusion drawn from the answers to the tenth question is that the chosen 
simulation tools shall be able to extend the simulations to larger circuits than 
today. The future simulations might possibly contain the whole mechatronic 
system in a virtual environment. 

3.12 Other areas of simulation  
The eleventh question is asked to gain knowledge of hardware simulation in 
future simulations. The response to this question is used when analysing and 
comparing the simulation tools in Chapter 5. The question is an open question 
to allow the respondent to express his or hers thoughts and reads:  

 
The response to this question points out if there is any other area where 
simulation could be suitable. Here follows a summary of the answers: 

• Requirement validation. 
• Worst case execution time estimations. 
• Information about cards connected to each other. 

The conclusion drawn from the answers is that the chosen simulation tools 
need to be accurate and able to simulate all possible outcomes in order to 
validate the requirements already at the simulation stage. Another conclusion 
drawn from the answers is that the simulation tools need to be able to simulate 
several cards at the same time. 
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3.13 Conclusions 
Many conclusions could be drawn from the answers to the questionnaire. An 
overall conclusion is that simulation is a very important tool to secure robust 
and reliable electronics. This makes it a critical part of Avionics Division’s 
workflow.  

In addition to the overall conclusion it is possible to conclude that the chosen 
simulation tools need to manage analogue, digital and mixed signals. The tools 
also need to simulate the circuits in all their stages from the first small circuit 
up till when it is drawn on a PCB. The tools also need to handle advanced 
simulations like whole mechatronics systems in virtual environments and 
extend the today’s simulations with several missing hardware analyses such as 
Monte Carlo analyses and Worst Case analyses.  

Effective ways to secure that the simulation is correct are needed. The tools 
should therefore be able to do the same simulation in different ways to ensure 
that the models and circuits are accurate. Alternatively the tools should be able 
to extend or replace the needed calculations to help the engineer to ensure that 
the circuits are simulated correct. The tools should also have an analysis that 
changes the characteristics of the components within a simulation. 

Another conclusion is that the tools need to extend the tests done in the lab and 
that it should be possible to compare the results of the simulation against the 
lab results. Furthermore the tools should also be able to do assert based tests. It 
would be positive if the simulation tools could be used for validation of the 
requirements set by the client.  

Yet a conclusion drawn from the answers to the questionnaire is that most 
simulations today are performed in the tool LTSpice. Changing simulation tool 
creates a need for education in the new tool as the new tool does not have the 
same interface even if it is simulating the same thing. As there are difficulties 
to decide if the simulations are correct, given that the simulating engineer can 
use both inaccurate models and that the simulation tool can simulate 
incorrectly, the experience, education and hardware tests are still important to 
secure robust and reliable electronics. 

This survey is not specific for Avionics Division and the results are relevant in 
other industrial areas like the car industry and the embedded industry. 
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4 Simulation analyses 
There are many different ways to analyse a circuit. Each analysis has its own 
purpose. This chapter discusses some of the most common analyses that can be 
performed by simulation tools. The chapter illustrates how the analyses can be 
done by different simulation tools and also how the results can be viewed. In 
this chapter the tools LTSpice, PSpice and SystemVision are used for the 
illustrations provided. The different tools are discussed in Chapter 5.  

Almost half of the analyses discussed in this chapter is managed by all the 
tools. The rest: Sensitivity analysis, Worst Case analysis, The optimizer tool, 
Transient analysis, Monte Carlo analysis, Smoke analysis and Parametric 
sweep analysis are managed by a limited number of the tools. 

4.1 DC analysis 
The direct current (DC) analysis calculates the DC operating point of the circuit 
[17]. This means that all the voltages in the circuit called node voltages are 
analysed during the DC analysis.  

Figure 6 illustrates how Spice calculates the DC operating point. The inductor 
L1 becomes a short circuit and the capacitor C1 is replaced by an open circuit 
[18]. The DC analysis is used to determine transient internal conditions [17].  

 
Figure 6: A visual example of how the DC operating point is calculated. 

The DC analysis is also used to determine the circuit’s linearized, small signal 
models for nonlinear devices. Spice uses the DC analysis to generate a DC 
transfer curve dependent on user-specified range of voltages and currents 
[17][18]. 

Spice can produce several DC analyses in the same run. The literature calls this 
an operating sweep [19]. To do a sweep a DC source is needed. The analysis 
does a DC bias point calculation on the circuit for every new value in the sweep 
of the DC source. The sweep is used when the knowledge of a change in the 
circuit’s supply voltage needs to be known.  
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The DC analysis can use one or two DC sources. If the DC analysis is using 
two sources they are used in a nestled loop. The first source is incrementing 
one step at the time and at the same time the second source is swept the whole 
range of values. This analysis is useful when calculating load lines or when to 
obtain the circuit’s output characteristics [2]. 

4.2 AC analysis 
The alternating current (AC) analysis is used to determine circuit network 
noise considerations, stability, impedance and filter attenuation [18][20]. The 
AC analysis calculates the AC output as a function of the input frequency. To 
run this test the circuit needs to have at least one AC component. If the circuit 
uses only one AC component it is usually set to unity with zero phase [17]. If 
two sources of AC components are declared the analysis will make the first 
component sweep over its frequency range for each frequency in the 
second [17]. 

The AC analysis starts with a DC analysis to clarify the DC operating point of 
the circuit. When the DC operating point is calculated and the circuit is 
linearized the analysis makes all nonlinear devices into small-signal models. 
The next step of the analysis is to calculate the AC voltages and the AC 
currents as a function of a user specified range of input frequencies [17]. As 
illustrated in Figure 7 a start and a stop frequency needs to be set and after that 
there is a choice of how the test will be displayed. As chosen in Figure 7 the 
result will be displayed in a logarithmic scale with decade variation.  

 
Figure 7: An example on an AC analysis from PSpice where the frequency range is 

between 10 Hz and 1 MHz with 101 points per decade.  
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Figure 8 illustrates the result from the AC analysis shown in Figure 7. The 
result is viewed with two scales on the y axis. At the bottom of Figure 8 the 
number before the parameter describes on which y axis the result is viewed. 
The text also describes the viewed parameters and the colour used in the 
diagram. The Vout is displayed on a logarithmic scale on the y axis but can be 
displayed as a linear scale as well. The logarithmic result can be displayed in 
decade or linear scale. 

 
Figure 8: The AC analysis result in a Bode plot as illustrated by the PSpice tool. 

4.3 Transfer function analysis 
The small signal transfer function analysis is calculating a transfer function of 
the DC ratio between input and output of the circuit. The ratio can be either the 
voltage or the current gain. The transfer function analysis is also calculating the 
input and output impedance of the circuit [2][17]. The small signal transfer 
function assumes that the frequency spectrum is where the charge-storage 
effects can be neglected [21]. 
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The small signal transfer function analysis is useful when simulating filters. 
With the help of the transfer function analysis the filter’s input impedance and 
output impedance are analysed. The transfer function analysis also provides a 
small signal gain of the filter [2][18]. 

4.4 Sensitivity analysis 
The sensitivity analysis examines the circuit and investigates how much the 
components affect the circuit within their tolerance. The sensitivity analysis 
also compares relative effect of various components. The sensitivity analysis 
identifies the components that are the most sensitive in the circuit. The 
sensitivity analysis can also be used to identify the components that are 
affecting the yield the most.  

The sensitivity analysis can display the values of the components in two ways 
either as the absolute sensitivity or as the relative sensitivity. The difference 
between the two ways of displaying the values is unit in absolute sensitivity 
and percentages in relative sensitivity. When the analysis is done on a circuit 
with capacitors or inductors the relative sensitivity analysis is to prefer due to 
that the values are smaller then one unit.  

When the sensitivity analysis has identified a sensitive component the tolerance 
can be adjusted and the analysis can be run again [22]. The analysis is used 
with success when to find a worst case scenario [2].  

4.5 Worst Case analysis 
By using the sensitivity analysis we know how to vary each parameter to get 
the desired result of the circuit. By combining this knowledge with the actual 
tolerance data for each parameter a test of the worst case extremes can be done. 
By finding the worst case components the yielded values can be changed to 
better values [2]. 

The result from the worst case analysis is illustrated as two waveforms. One for 
the lower extremes and one for the upper extremes. The worst case analysis, in 
the Advanced Analysis PSpice tool, can be viewed in the same diagram as the 
sensitivity analysis [22]. This makes the analysis of the most sensitive devices 
easier to perform.  

4.6 The optimizer tool 
The optimizer tool helps to fine adjust the component value in the circuit. The 
fine adjustments are done on the analogue devices. The optimizer tool helps to 
find the best component characteristics. The optimizer tool is also used for fine 
tuning the circuit to known results, diagrams and curves [22]. The optimizer 
tool is not a standard tool and not all the tools which are analysed in Chapter 5 
have this feature. 
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4.7 Transient analysis 
The transient analysis is calculating the power up in the circuit and the analysis 
starts at time zero. The transient analysis handles a large amount of data and to 
save file size and also increase the simulation speed, as writing to disk is time 
consuming, the transient analysis can both be set when to start and when to 
end. If a start time is set the first values before the starting time are not saved. If 
an end time is set the analysis will stop when the analysis reach the stipulated 
end time [20]. As illustrated to the left in Figure 9 the start time is set to zero 
seconds and the stop time is set to 100 ms.  

 
Figure 9: An example of a transient analysis in PSpice with the setup to the left and a 

circuit on a switching power supply connected to a resistor circuit to the right.  

The transient analysis is a way to record the circuit’s data output [18]. Figure 
10 illustrates the output from the transient analysis in Figure 9. The voltage and 
the current is displayed in the same plot but with different y axes. 
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Figure 10: The result of the transient analysis in Figure 9 with both voltage and 

current viewed by the SystemVision Waveform Analyzer. 

The transient analysis uses a numeric integration routine when calculating the 
relationship between the voltage and the current in the inductors or the 
capacitors. The integration routine is used for setting up an equivalent nodal 
matrix. This is more appropriate in faster circuits than in switching circuits. 
The explanation to this is that the resolution needs to be so large that it 
discovers all the switching voltage levels. If the default time step or by the user 
specifies time step is too large the transient analysis can result in convergence 
difficulties [9][23].  

There are difficulties to calculate the transient analysis on a switching power 
supply. Figure 11 illustrates a schematic of a switching power supply. The 
switching power supply is connected to a pulsed current source. When the tool 
is simulating this circuit the first part is to calculate a fast switching and the 
second part is to calculate a slower source. The hard part is when there are 
large differences in the transient and the simulator needs to do many 
calculations before anything happen.  
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Figure 11: An example of a transient analysis in PSpice with the circuit on a 

switching power supply connected to a pulsed current source. 

Figure 12 illustrates the result of the transient analysis simulated on the circuit 
in Figure 11. The upper plot is illustrated by PSpice Probe and the lower by 
SystemVision Waveform Analyzer. 
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Figure 12: The result of the transient analysis in Figure 11. The upper diagram is 
illustrated by PSpice probe and the lower is illustrated by SystemVision Waveform 
Analyzer. The illustration also shows the advantage by using two tools in the same 
simulation where the similarity in the simulations suggests that this simulation is 

performed in a correct way. 

4.8 Fourier analysis 
The fourier analysis gives the answer to the circuit’s harmonics and can be 
viewed in the time domain. The fourier analysis is used when the circuit’s 
performance characteristics need to be decided. An example of a characteristic 
is the conducted emissions performance of a switching power supply [18]. 

4.9 Temperature sweep 
The temperature sweep gives the opportunity to check how the circuit behaves 
at different temperatures. The usual circuit temperature when simulating is 27 
degrees Celsius, but with the temperature analysis simulations can be done at 
different temperatures.  
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The temperature sweep analysis is capable of simulating individual devices at 
different temperatures. The devices where the temperature can be changed are 
resistors, diodes, JFETs, BJTs and level 1, 2 and 3 MOSFETs. The level 4 and 
5 BSIM MOSFETs use another way to change the temperature as there are 
more parameters which need to be changed [17]. This can not be done by the 
temperature sweep analysis.  

An example of a thermal simulation where a heat-sink is simulated is provided 
in section 5.4.4. 

4.10 Monte Carlo analysis 
A Monte Carlo analysis is a tool used in many fields of engineering, 
mathematics and physics. The Monte Carlo analysis statistically estimates the 
solution of any linear function by randomly sampling values of a variable in the 
function. The Monte Carlo analysis provides an approximation of the 
solution [24].  

The name Monte Carlo comes from the famous casino in Monte Carlo where 
there is lots of gambling with random numbers. The name was chosen for a 
secret atomic project by the famous mathematician John von Neumann, when 
he was working in the Manhattan Project [24][25]. 

The Monte Carlo analysis helps to provide an answer to how robust a design is 
when it is manufactured in large quantities [3]. This is done by approximating 
the solution by using random numbers. The Monte Carlo analysis can perform 
repetitive simulations on the circuit where all the iterations can be saved and 
analysed in a statistical way.  

The Monte Carlo analysis is based on the assumption that the components’ 
parameters are random values and the Monte Carlo analysis randomly 
generates values for uncertain variables. The variables are randomly generated 
from a normal distribution of their values within the tolerances [3].  

The Monte Carlo analysis is a powerful statistical analysis tool but it demands 
extensive computer resources. These kinds of calculations could in the past 
take too much time to even consider doing them. Thanks to development of 
new computers equipped with parallel processors or multi cores and faster 
CPUs the big number of needed calculations in the Monte Carlo algorithms 
now days is an alternative [24]. 

48 



Simulation analyses 

It is normal that the devices’ values change randomly within their tolerance 
range. These changes are often enough to be analysed statistically. One typical 
change of a value within its accuracy range is a resistor’s with an accuracy of 
10 %. Figure 13 illustrates how the values of a resistor change in a Gaussian 
distributed way. It is usual that the manufacturer selects the components within 
+/- 5 % accuracy, illustrated with green colour in Figure 13, and sells them at a 
higher price [26]. As Figure 13 illustrates in red colour the rest can be sold as 
+/- 10 %. Doing a Monte Carlo analysis in the latter case using Gaussian 
distribution will give a twisted result, why this is important to take into 
consideration when the result from the simulation is interpreted. Components 
which are manufactured together usually differ less within each other then 
components manufactured at different occasions. PSpice handles this by the 
commands DEV and LOT [26]. 

 
Figure 13: An example of how manufactured resistors with Gaussian distributed 

values look like. The diagram illustrates the distribution of 5 % resistors with green 
colour and the 10 % resistors on both sides in red colour. 

To simulate the normal distributed variation of the components’ values within 
their tolerance range the Monte Carlo analysis is excellent [18][22]. Using a 
Monte Carlo analysis and a Worst Case analysis combined gives a reasonable 
estimation of the probability distribution of the performance [27].  

A Monte Carlo analysis is illustrated in Figure 14 where all the simulations are 
plotted in the same view. In the Waveform Analyzer in SystemVision it is 
possible to hover over one of the plots to get information about the values 
achieved at the specific simulation. 
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Figure 14: The baseline plot of a circuit with the Monte Carlo analysis using the 

Waveform Analyzer in SystemVision. 

A scatter plot is one popular way to visualize the results of a Monte Carlo 
analysis. The scatter plots are used to spotting trends and to create correlation 
plots [3]. The baseline plot visualized in Figure 14 can be transformed into a 
scatter plot visualized in Figure 15. The scatter plot represents the maximum 
voltages measured in each and every Monte Carlo run.  

  
Figure 15: A scatter plot which shows all the maximum voltages measured in a circuit 

simulated with the Monte Carlo Analysis. 

The scatter plot in Figure 15 is easily transformed into another popular way of 
illustrating statistical data; a histogram. The histogram displays the measured 
maximum voltages. The histogram of the scatter plot illustrated in Figure 15 is 
illustrated in Figure 16.  
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Figure 16: The histogram of the scatter plot illustrated in Figure 15. 

The information received through a Monte Carlo analysis is useful to aid the 
understanding of the measurements done in the simulation [28]. Another way 
to aid the understanding is by correlating the measurements with those 
parameters or components that have most effect on it. By using the data plotted 
in the baseline plot and transferring the data into a relative statistical sensitivity 
plot together with a best fit curve, the sensitivity plot visualizes the correlation 
between the devices and the voltage level.  

Figure 17 illustrates these graphs where the upper graph illustrates the different 
components and how much they correlate. In the diagram the reader can see 
that the resistor R1 is most affecting the voltage level in the circuit’s compared 
with the other devices. The lower graph illustrates the best fitted curve.  
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Figure 17: The statistical sensitivity graph of a circuit measured with the 

Monte Carlo Analysis. The upper graph shows the components and the lower graph 
shows the best fitted curve. 

4.11 Smoke analysis 
The smoke analysis is used to identify stressed components which are 
exceeding the stated limitations. Stated limitations are power dissipation, 
increase in junction temperature, secondary breakdown or violations of 
voltage/current limits. If a device is stressed it will fail within a certain period 
of time. These metadata is edited in the tool and the smoke analysis uses the 
results of the simulations to check if any component of the circuit is exceeding 
these preset parameter values. 

4.12 Parametric sweep analysis  
To examine a component and the impact of its characteristics a parametric 
sweep analysis can be used. The parametric sweep analysis is preset with a start 
value, a stop value and a step value. The parametric sweep analysis starts to 
analyse the circuit at the start value and increment the chosen parameter with 
the step value until the end value is reached. The result is then plotted and each 
of the sweeps can be viewed separately. It is also possible to view and compare 
all the values at the same time. The analysis helps to make a good decision of 
which parameter is best in the circuit.  

An example of an extended parametric sweep analysis illustrated in Figure 18 
where the mass is swept between 0.01 Kg to 0.1 Kg and incremented with 
0.01 Kg each time. An ordinary parametric sweep of the parameters within an 
electronic device can be done by Spice based tools. To sweep a mass can only 
be done by tools which handles other domains than the electronics. 
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Figure 18: An example of a parametric sweep analysis in SystemVision. The setup is 
shown in the top and the circuit where the parameter MASS1 is swept is illustrated in 

the bottom. 

When the mass is swept between its minimum and maximum values the 
POS_ARMATURE is measured. The parameter plot is illustrated in Figure 19 
and it shows the armature movement as a function of changing mass. In 
SystemVision Waveform Analyzer there is only to click on the graph to display 
the parameters used by the analysis. 
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Figure 19: The result of the sweep analysis in Figure 18 where the lower diagram 

shows when the voltage to the solenoid changes and the upper illustrates the different 
masses of the parameter MASS1. The diagram is illustrated by 

SystemVision Waveform Analyzer. 
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5 Simulation tools 
This chapter gives an overview of the simulation tools Spice, LTSpice, PSpice 
and SystemVision, their functions and capabilities. The different tools are 
compared with each other and pros and cons with them are given. All this is to 
get a possibility to evaluate the different tools, which is done throughout the 
following sections and in the summary is given in the Chapter 5.5. That section 
also includes a summary of the whole chapter in form of a table to get an easy 
overview of the comparison. 

5.1 Spice 
This section gives some history of the simulation tool Spice and discusses 
versions of the tool important for this thesis and their differences. Spice needs 
to be considered due to it has by the years almost become standard when 
simulating electronic circuits. 

Spice is a tool which simulates analogue circuits. The Spice model is close to 
physics or a way to describe the silicon of a device or a circuit by the physic 
laws. This makes the model simple to use for physics engineers as they can use 
the physics’ language to describe the physics of the silicon and then simulate 
the design by a computer.  

5.1.1 Development of Spice  

The development of the computer tool Spice started as a project in University 
of California at Berkeley in the 1960s. The tool was then called Computer 
Analysis of Nonlinear Circuits, Excluding Radiation (CANCER). The name 
CANCER was changed in the 1970s to Spice which stands for Simulation 
Program with Integrated Circuit Emphasis. The update from CANCER to Spice 
was a major update where the tool got an improved limit of 400 components 
and 100 nodes. The update also contained added improved components and the 
possibility to make a macro model component [9]. The introduction of macro 
models made it possible to speed up the simulations at expenses of accuracy. 

Spice 2 was released in 1975 and Spice 2G.6, released in 1983, is the version 
which the most commercial Spice tools today incorporate from [9][10][26]. 
The Spice 2 version had new algorithms, which also are included in Spice 
2G.6, to handle voltage-defined elements and was improved by a time step 
control algorithm which decreased the simulation time [9].  
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Spice 2G.6 code was converted from the language FORTRAN into C. This new 
version of Spice was released in 1989 as Spice 3. Spice 3 was built from Spice 
2G.6 and supports all the Spice 2G.6 functions [17]. Spice 3 had some new 
features compared to Spice 2, for example more flexible behavioural math 
expressions which gave Spice 3 more flexibility than Spice 2 [18]. Spice 3 also 
got improved performance. The improved performance sped up the simulations 
compared with Spice 2. Spice 3 managed all the syntax from Spice 2 [17].  

The latest Spice version available from Berkeley is Spice 3F.5 from 1991. The 
Georgia Institute of Technology offers an add-on to the Spice 3F.5 tool called 
XSpice which enhances the Spice 3F.5 tool with features like mixed mode and 
over 40 primitive functional blocks. The following text about Spice relates to 
the Spice 3F.5 tool with the add-on. 

5.1.2 Simulation functions and capabilities 

As mentioned at the beginning of section 5.1 Spice and the different versions 
relating from Spice are almost standard when performing simulations of 
electronics today. Therefore it is important to be aware of the capabilities and 
limitations of different simulation tools to secure that the most optimal tool is 
used in the business. When it comes to Spice and the version Spice 3F.5 with 
the add-on XSpice following is to be noticed.  

Spice has many primitive functions. Several examples of primitive functions 
are given at XSpice’s homepage [29]. The press release at Spice’s homepage 
also gives examples of primitive functions like summers, multipliers, integers, 
magnetic models, limiter, s-domain transfer functions, digital storage elements 
and general digital state machines. The XSpice add-on has got improved event 
driven algorithms to handle mixed signals. The add-on also gives a 12-state 
digital data type with real and integer and a user node library.  

Spice uses nodal equations to calculate the circuit’s voltages. The nodal 
equations summarize the voltages and the currents in the mesh. If the equations 
are linear Spice solves the equations by Gauss elimination and if the equations 
are nonlinear Spice uses Newton-Raphson numerical analysis [9][30]. The 
Newton-Raphson method uses Kirchhoff’s law to put up an equation system. 
The solution of the equation system is iterated by using the answer on the 
iteration before to start a new iteration. When Spice is close enough it stops and 
uses that value [10]. If the solution is not found in certain iterations it stops. If 
Spice stops the iterations before a solution is reached a better start value can be 
put into the system or the system can be simulated with lower accuracy [10].  

56 



Simulation tools 

In Spice 3F.5 there are some additional ways of calculating the simulations 
compared to Spice 2G.6. The new ways of calculating the simulations make the 
simulations faster. The Spice 3F.5 version has an additional feature like a 
predictor. The predictor minimizes the iterations by predicting the next time 
step state vector and uses that prediction to initialize the new state by the new 
prediction. This way of calculating the simulation minimizes the needed 
iterations and often there is only one iteration needed [31].  

Another addition in Spice 3F.5 is the Gmin stepper which both speeds up the 
calculations and corrects them from the previous version of Spice. The 
previous Spice used to get a negative number which was corrected in the last 
run of the simulation. The Gmin corrects this and steers the calculations into a 
stable solution [31].  

Spice 3F.5 has a feature which bypasses certain computation entries where the 
model parameter has not changed much. The new feature makes the needed 
calculations less and therefore also makes the simulations faster [31]. 

5.1.3 Analyses 

The Spice tool handles several different analyses for example: AC analysis, DC 
Transfer Function, Distortion analysis, Noise analysis, DC Operating Point 
analysis, Pole-Zero analysis, DC or Small-Signal AC Sensitivity analysis, 
Transfer Function analysis and Transient analysis [17]. Many of the analyses 
are further described in Chapter 4.  

5.1.4 Models 

The Spice tool has the capability to model several different devices like 
resistors, capacitors, inductors, mutual inductors, independent voltage and 
current sources, four types of dependent sources, lossless and lossy 
transmission lines, switches and uniform distributed RC lines. The tool also 
models semiconductor devices, diodes, BJTs, JFETs, MESFETs and 
MOSFETs.  

The semiconductor manufacturers usually release models of their new devices 
to be used by Spice. The models are usually downloaded from the 
semiconductor manufacturers’ homepages. 
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5.1.5 Graphical viewer 

The Spice tool generates a raw data file when analysing a circuit. The raw data 
file can be plotted by the Nutmeg post processor [17]. The Nutmeg has several 
mathematical functions available, to be used in analyses, like magnitude, phase, 
real component, imaginary component, logarithm and absolute values [17]. The 
data file can also be imported and analysed furthermore in Matlab [32].  

5.1.6 Conclusion 

An advantage with using the Spice tool is that it is free of charge. Another that 
the Spice tool models are easy to find in the semiconductor manufacturers’ 
homepages. The tool is the most used simulator which makes the device 
manufacturers often release their devices as Spice models. 

On one hand it is an advantage with Spice that all the formulae are inside the 
tool and there is no need to worry about missing calculations. On the other 
hand there are some situations which Spice does not handle in its algorithms 
[10]. An example of this is the maximum current in a capacitor, something that 
is important to handle when simulating an amplifier. This limitation forces the 
simulating engineer to contact the owner of the tool so that the owner himself 
can make the necessary changes in the tool and release a new version. The user 
has no possibility to do that alteration by himself. This makes every alteration 
of the tool complicated to handle.  

Disadvantages with using this tool are that it does not have advanced analyses 
and that it does not have the possibility to simulate more advanced circuits 
where for example mechatronic components is involved.  

Yet another disadvantage is that the Spice tool does not have any possibility to 
export the model of a circuit or a netlist into the Avionics Division’s PCB tool. 

5.2 LTSpice IV 
The tests performed with LTSpice in this thesis uses version 4.0. The used 
version was updated and also released July 1, 2011. LTSpice is a Spice 
simulator based on the Berkeley Spice 3F4/5 [20]. The company Linear 
Technology developed LTSpice because it saw the need of a tool that could 
simulate advanced switching electronics in an accurate and fast way. The name 
was given by the company Linear Technology as its first letters in the company 
name was given the tool.  
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5.2.1 Main differences between LTSpice and Spice 

The company Linear Technology extended Spice 3F4/5 with algorithms to 
simulate advanced analogue functions and released this under the name 
LTSpice. These algorithms are beneficially used as intended to simulate 
switching power supply in comparison with Spice [20]. The difficulty when 
simulating switching power supply with Spice is where there are combinations 
between high frequency square waves and low frequency overall loop 
response [20].  

LTSpice uses integrated logic primitives to simulate the high frequency square 
waves that Spice also does not handle. When LTSpice uses logic in the 
simulations the result becomes detailed even if the response time is short. 
LTSpice has by this way reduced the number of calculations which resulted in 
a faster response time [20].  

LTSpice also contains a mixed-mode compiler which does not exist in Spice. 
The mixed-mode compiler gives realistic models of circuits when a multiple 
mode device is modelled. LTSpice handles, in a realistic way, to model the 
devices in switch mode, burst-mode and cycle skipping mode [20]. 

5.2.2 Installing the LTSpice tool 

To install LTSpice the installer needs to be an administrator on the local 
computer. The LTSpice tool files are stored in the folder 
“%programfiles%\LTC\LTspiceIV\”LTC/LTSpiceIV.  

LTSpice uses an internal updater to update the tool files into the latest revision 
level [20]. The updater only updates the tool files. The component libraries are 
merged because of the ability for the user to do updates or add components into 
the library files.  

The LTSpice license is free of charge and can be distributed as it is [20].  
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5.2.3 Simulation functions, capabilities and limitations 

The schematic tool included in LTSpice is converting the schematics into a text 
Spice netlist. The text netlist is used during the analysis. LTSpice saves the 
netlist in .asc format and reads schematics from .asc, .cir, .net and .sp formats. 
The netlist can also be exported to an ASCII file where formats as Accel, 
Algorex, Allegro, Applicon Bravo, Applicon Leap, Cadnetix, Calay, Calay90, 
CBDS, Computervision, EE Designer, ExpressPCB, Intergraph, Mentor, 
Multiwire, PADS, Scicards, Tango, Telesis, Vectron and Wire List [20] can be 
used. The limitation of exporting the netlist is when the tools do not use the 
same symbols. To avoid scrambled connections where for example the diodes 
are connected in the wrong direction synchronization between the tools need to 
be done. The symbols are saved and read in .asy format. 

LTSpice uses the advantage of hierarchical schematic resulting in that a large 
circuit fits one sheet [20]. Another advantage of hierarchy is when the tool can 
reuse parts of the design within the circuits.  

A disadvantage with LTSpice is that the tool does not simulate effects from the 
PCB without the engineer adding the wanted parasitic elements. Another 
disadvantage is that LTSpice does not simulate other domains than the 
electronic and therefore can not be used when a mechatronic system needs to 
be simulated.  

LTSpice uses Spice models and does not simulate the models in different ways. 
Therefore such a function can not help the engineer make sure that the models 
are simulating the devices correct. As a result of this the simulating engineer 
needs, when using LTSpice, critical examine, by using his or hers experience, 
if the result of the simulation can be trusted or not. 

LTSpice has a feature to simulate wave files in the designs. For example if an 
amplifier is to be simulated the simulation tool can use an audio file and the 
audio file can be used when the device is to be tuned. This is an advantage 
compared with Spice. 

Disadvantages with LTSpice is that in the schematic creator the standard 
windows keys are not used making the tool impractical to use. It is also not 
possible to copy symbols between two sheets making it time demanding.  
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5.2.4 Analyses 

The LTSpice tool handles several analyses for example: Transient analysis, AC 
analysis, DC sweep analysis, Noise analysis, DC Transfer analysis and DC 
Operating Point analysis. The LTSpice tool also supports advanced analyses 
like Monte Carlo analysis. To run a Monte Carlo analysis in LTSpice the 
parameters to be analysed need to be configured as .param values as illustrated 
in Figure 20. The Monte Carlo analysis also needs a .step parameter as 
illustrated in Figure 20. 

 

  
Figure 20: A Monte Carlo analysis where the upper diagram shows the circuit with 

all the necessary parameters and commands. The lower diagram illustrates a baseline 
plot. The Monte Carlo analysis is done in the tool LTSpice. 

In LTSpice it is possible to export the simulation data into a text file. With the 
command “File/export” the wanted traces can be selected and exported. The 
exported traces can be further analysed in advanced tools like Matlab or IBM 
SPSS Statistics [32]. In tools like these further statistical understanding of the 
circuit can be gained and a histogram can be plotted. Analyses with correlations 
will aid in the understanding of the circuit and sensitivity parameters can be 
located. 
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LTSpice has features as parametric sweep analysis. The parametric sweep 
analysis in LTSpice is capable of switching values within a simulation. Figure 
21 illustrates a parametric sweep in a dimmer circuit. The R1 in this case is 
changed by parameter Rdim in the predetermined steps of 200 KΩ and 400 KΩ. 
In the upper plot both the Vin and the Vin/out is illustrated. The plot illustrates 
how the voltage is correlating to the Rdim and also correlating to the power in 
the light bulb. 

 
Figure 21: The parametric sweep analysis of a dimmer circuit using LTSpice. 

LTSpice handles text based netlists which can be used to extend the analyses 
with for example a Worst Case analysis. The difficulty is that the simulating 
engineer needs to use advanced scripts or programming languages like Python. 
The data from the advanced analyses can also be analysed in tools like Matlab 
[32].  

The LTSpice tool handles some thermo analysis where the tool can plot the 
power dissipation of a component. The dissipation is plotted as a function of 
voltage and current. The plotted function uses the unit watt.  
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5.2.5 Component libraries 

The only way to use component library files in LTSpice is to copy the library 
files (.asy) into the LTSpice folder. Therefore it is not easy to share library files 
among the computers which are used to simulate hardware. The advantage of 
all users having the same library is also missed as well as that all libraries are 
up to date. 

5.2.6 Models 

The installation of LTSpice includes 1,500 models. There are also possibilities 
to add two types of models. The first type of model is the basic type such as 
transistors, diodes and MOSFETs. They are described as ordinary Spice 
models. The basic models are either imported into the library or extended as 
text in the schematic.  

The second type of model is subcircuit models. The subcircuit model is used 
when more than the ordinary model is needed. Examples are additional lead 
inductors and capacitors or more complex subcircuits like operational amplifier 
models. 

LTSpice can simulate hardware with several different types of models as it is 
based on Spice and simulates all Spice models used by Spice 3F.5. LTSpice has 
included integrated logic primitives with Spice to perform faster response and 
still have the resolution when simulating switching power supply simulations 
[20]. 

PScope is a device to analyse and evaluate the components and translate signals 
into parameters of a model. PScope is a USB-based board equipped with 
several analogue to digital converters. PScope collects data from the analogue 
to digital converters and analyses it both in the time and frequency domains.  

5.2.7 Graphical viewer 

To run a simulation in LTSpice, either enter the wanted analysis as text called 
dot commands in LTSpice or let the program place the analysis text by the 
command ‘Simulate/Edit Simulate Command’. The last option is illustrated by 
Figure 22. The command text is placed on the schematic and is illustrated by 
Figure 21. The text reads ‘.tran .03’ and it means that the tool will perform a 
Transient analysis. The analysis will last 30 ms. 
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Figure 22: The LTSpice ‘Edit Simulation Command’. 

5.2.8 Conclusion 

LTSpice is a Spice based tool which has a limited number of models. The 
models in the library are often macro models and are therefore not simulating 
all the characteristics of the devices. 

Advantages with using the tool are that the tool is free of charge and that the 
tool is already used at Avionics Division. Because of that there is not a special 
need of education about the tool.  

The LTSpice tool manages advanced simulations like Monte Carlo analyses 
and parameter sweep analysis. The result of Monte Carlo analysis have to be 
analysed in tools specialized on statistical analyses. 

A disadvantage with using the tool is that it lacks Worst Case analyses and that 
the tool does not have the possibility to plot more advanced analyses. For 
example both the histogram and the scatter plot are missing. 

Another disadvantage is that the LTSpice tool is that it does not have a natural 
way of modelling and simulating mechatronics. LTSpice does not have the 
possibility to export the circuit or netlist into Avionics Division’s PCB tool. 

The final conclusion is that the tool LTSpice partly fits the workflow of 
Avionics Division. The tool can not handle all kinds of simulations but it 
handles most of the simulations performed today. 
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5.3 PSpice 
The tests performed with PSpice within this thesis uses version 16.0.0.s003. 
The used version was released March 17, 2008 by Cadence Design System. 
PSpice was originally developed by the company MicroSim. MicroSim was 
later bought by OrCAD which in its turn was bought by Cadence [10]. PSpice 
is based on Berkely Spice 2G.6 and has some additional feature to Spice [9].  

In the tool suite OrCAD 16 there is a tool called Advanced Analysis. With this 
tool several additional analyses can be done. The Advanced Analysis is not the 
subject of the thesis, but fits into the context which means that it was included. 

5.3.1 Differences between PSpice and LTSpice 

The main difference between PSpice and LTSpice is that Cadence has extended 
the Spice 2G.6 to PSpice where as LTSpice is an extended Spice 3F4/5 tool. In 
contrast to LTSpice, which is free of charge, the PSpice tool is license charged 
and in addition the Advanced Analysis extension tool cost more money. 

PSpice has 11,300 models compared with LTSpice which has only 
1,500 models. Often are the device manufacturers releasing models of their 
devices in PSpice format and not in LTSpice format. 

PSpice has extended the advanced analyses, as well as LTSpice has, compared 
to Spice. But PSpice has extended the LTSpice’s analyses as well. The PSpice 
Advanced Analysis tool helps the engineers to improve yield and reliability of 
their designs. PSpice Advanced Analysis is integrated with MathWorks Matlab 
Simulink and a co-simulation is provided.  

5.3.2 Installing the PSpice tool 

PSpice is recommended to be installed in the root of the file system and to 
install PSpice there is need for administrator privileges. The full version of 
PSpice uses license files to set privileges of which part of the tool that can be 
used. The license file may be run on a license server which has the advantage 
that several engineers can install PSpice and share the same license, but only 
the number of own licenses can be used at the same time. The license server is 
installed along with the PSpice tool or at a server in the network.  

5.3.3 Simulation functions, capabilities and limitations 

PSpice simulates analogue, digital and mixed signals. PSpice supports models 
for components such as IGBT, SCR, triac, power MOSFET, BJT, PWM, DAC, 
ADC, transformer and DC inductor and it supports mathematical functions and 
behavioural modelling techniques [22]. 
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PSpice uses the advantage of hierarchical schematic where a large circuit fits 
one sheet [10]. Another advantage of hierarchy is that the tool can reuse parts 
of the design within the circuits.  

It is a disadvantage that the PSpice tool does not simulate effects from the PCB 
without the engineer adding the wanted parasitic elements.  

PSpice uses Spice models and does not simulate the models in different ways. 
Such a function is therefore not available to help the engineer make sure that 
the models are simulating the devices correct. This leads to that the engineer 
using PSpice must, by using experience, critical examine if the simulation can 
be trusted or not.  

PSpice simulates with some exceptions four basic magnetic models; linear 
inductor, ideal transformer, coupled inductor model and nonlinear core model. 
The models may provide grossly erroneous results due to the parasitic in the 
transformers may not be modelled correctly [2]. 

The book ‘Switchmode Power Supply Simulation’ [2] gives examples on a 
nonlinear transformer where behaviour as saturation, hysteresis and eddy 
current losses is modelled. The magnetic models are defined in the electronic 
domain. PSpice does not simulate other domains and can not be used when a 
mechatronic system needs to be simulated.  

To simulate digital functions like AND gates PSpice uses a Boolean Logic 
Expression which is an extension from Spice 2G.6.  

PSpice simulations can be automated by running the psp_cmd command. To 
use it only specify the circuit file:  

> psp_cmd “the_name_of_the_simulation_file”.  

Run the tool from a batch job or the command prompt. One way to produce 
more tests in the same time is to run a batch job with several tests at the same 
time. To run a batch job the tool needs to handle the jobs from a command line. 
PSpice handles the jobs from the command prompt by using psp_cmd.exe file. 
The test that needs to be done is typed down along with the circuit and than the 
psp_cmd.exe file will run the test and store all the results in a file with 
extension .out. If there are several tests that need to be done on a file a 
programming language like Python is capable to run them and make the 
changes and run again like a Monte Carlo analysis.  

Tests show that there is one problem with running the analyses by the 
command line in PSpice which is that the tool needs to check the license file 
once every run. To minimize the communication with the license server all the 
PSpice jobs can be stored in the same file. 
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5.3.4 Analyses 

The PSpice tool handles several analyses such as AC sweep analysis, DC 
sweep analysis, Bias Point Detail which points the voltage and currents within 
the circuit, Parametric analysis, Sensitivity analysis, Temperature analysis, 
Transient analysis, Noise analysis, DC Transfer analysis and DC Operating 
Point analysis [33].  

PSpice also handles more advanced analyses such as parametric, sensitivity, 
optimization, smoke (stress analysis), Monte Carlo and Worst Case analysis.  

In PSpice there is only one parameter at a time which can be analysed using 
Monte Carlo analysis [34]. The Figure 23 illustrates how a Monte Carlo 
analysis is run in the PSpice tool. In this analysis the resistor R1 is chosen to be 
used with Gaussian distribution of the values.  

 

 
Figure 23: A Monte Carlo analysis done in the PSpice tool. 
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Cadence, the company behind PSpice, provides an add-on to PSpice called 
Advanced Analysis. The PSpice Advanced Analysis tool extends the number of 
analyses which can be performed by PSpice. The PSpice Advanced Analysis 
tool reads the PSpice circuits and use them for a Monte Carlo analysis. The 
PSpice Advanced Analysis tool uses the Monte Carlo analysis to calculate yield 
according to predefined set parameters [22].  

The parametric, sensitivity, optimization, smoke (stress analysis), Monte Carlo 
and Worst Case analyses are used to gain knowledge about how the circuit 
behaves. The analyses are able to change the component’s values within a 
predefined range [35]. Figure 24 illustrates the display of a Worst Case analysis 
in the Advanced Analysis tool. In the illustration the R9 is the most sensitive 
and the C7 is one of the least sensitive components in the circuit. 

 
Figure 24: Worst Case analysis with the PSpice Advanced Analysis tool [33]. 

PSpice simulates digital circuits and provides timing diagram, relationships 
between all the signals propagating in the circuit. The simulation is illustrated 
in the Probe viewer. PSpice simulates counters, multiplexers, decoders, flip-
flops, latches, all common gates, buffers, adders and a lot more. 
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5.3.5 Share component libraries and license file 

The user library files in PSpice can easily be shared over a network. To modify 
or add devices in the libraries is easily done even to a network drive. The 
positive with sharing the component library is that the engineers use the same 
devices when simulating independent of which computer they are using. The 
negative is that if there is some error or if some tool updates are done the 
following simulations can be incorrect.  

The licences are shared on a license server and the tool uses a socket to verify 
the license. The licenses can be split among the engineers which saves license 
costs within the company. 

5.3.6 Models 

PSpice is the oldest and the most used commercial simulation tool. Therefore 
the device manufacturers often provide their devices with a Spice model in 
PSpice format. PSpice is otherwise preinstalled with 11,300 models [22].  

5.3.7 Graphical viewer 

PSpice uses a graphical viewer called Probe. Probe reads the .dat file, where all 
the simulation data is stored, and displays it graphically. The Probe window 
appears after the simulation has finished [35].  

5.3.8 Conclusion 

PSpice is a Spice based tool which has a huge number of Spice models. The 
tool is the most used commercial simulation tool which makes the device 
manufacturers too often release their devices as PSpice models.  

The tool is already used at Avionics Division. However, the numbers of users 
are few, thus future education might be needed. The tool is not free of charge 
and in addition the Advanced Analysis extension tool cost more money. 

If the Advanced Analysis tool is going to be used at Avionics Division an 
upgrade of the PSpice tool is needed. The Advanced Analysis is not used at 
Avionics Division today and further education is therefore needed after an 
upgrade. 

A disadvantage is that the PSpice tool does not have a natural way of modelling 
and simulating mechatronics.  

The final conclusion is that PSpice partwise fits Avionics Division’s workflow. 
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5.4 SystemVision 
The tests performed with SystemVision during this thesis is done using 
version 5.7 with release date 17 may, 2011.  

SystemVision is provided in two versions where the first version has no 
support for ModelSim and QuestaSim which makes the tool unable to simulate 
hardware like FPGA and ASICS [36]. The second version is called ‘Full’ and is 
as well delivered in different versions where there is a range of options of tools 
to include [36].  

The full SystemVision tool is delivered in four different packages. The first and 
the lightest package is SystemVision 150. SystemVision 150 handles a 
maximum of 100 VHDL-AMS models, 3,000 Spice models and 300 digital 
signals per simulation [37].  

The next version of SystemVision is called SystemVision 250. 
SystemVision 250 handles a maximum of 1,500 VHDL-AMS models, 
3,000 Spice models and 3,000 digital signals per simulation [37].  

The third version of SystemVision is called SystemVision 350. SystemVision 
350 handles the same as SystemVision 250 but with an added Advanced 
Analysis option. SystemVision 350 also supports a dual processor core which 
speeds up the simulations [37].  

The full release of SystemVision is called SystemVision 650. In 
SystemVision 650 there is no limit on size of circuit that may be to be 
simulated. SystemVision 650 also supports quad processors [37].  

SystemVision was developed by Mentor Graphics to fill the gap between all 
the technologies that the engineers want to simulate. Examples on technologies 
that SystemVision handles are digital, analogue, magnetic, mechanical and 
hydraulic [3]. SystemVision is designed to handle simulations across all the 
abstraction layers. SystemVision simulates mixed signals and mixed domains.  

5.4.1 Differences between SystemVision and PSpice/LTSpice 

Both SystemVision and PSpice use licenses where as LTSpice is free of charge. 
SystemVision is more expensive than PSpice. 

SystemVision has 18,000 models when installed compared with PSpice’s 
11,300 and LTSpice’s 1,500 Spice models. SystemVision has a tool which 
translates PSpice models into a SystemVision simulatable Spice model. The 
SystemVision models are not only using Spice models when simulating but 
also VHDL-AMS models and the programming language C [3]. 
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SystemVision has all the capabilities of analyses that both of the Spice based 
tools have and can also include mechatronics and uses assert based analyses. 
SystemVision has an extended connection with tools like Matlab Simulink and 
LabVIEW called SystemVision conneXion (SVX). More about the SVX is 
found in Chapter 5.4.8. 

In general, SystemVision is superior the other evaluated simulation tools in this 
thesis. 

5.4.2 Installing the SystemVision tool 

SystemVision as mention is provided in two different versions. Both versions 
work as a standalone tool and as an overlay version of DxDesigner in Mentor 
Graphics PCB flow [36]. The overlay version provides an integrated flow 
within the PCB design where system design, simulation, analysis and PCB 
layout is handled [38]. 

This thesis handles the full version installed as a part of DxDesigner because of 
the case study performed in Chapter 6. If SystemVision to be used as a part of 
the PCB flow DxDesigner needs to be installed first. 

Installations of several versions of SystemVision on the same computer can be 
done. The different versions of the tool work independently of each other [36]. 
Switching between the different versions is done by the tool Configurator. 
Configurator is a wizard to follow when choosing between the different 
releases.  

SystemVision can both be installed on a local computer to be used by users on 
that computer. It can also be installed on a shared network. The network 
installation needs to have a map shared network location and the tool 
Configurator needs to be run as well.  

5.4.3 Simulation functions, capabilities and limitations 

SystemVision simulates analogue, digital and mixed signal designs. 
SystemVision supports a wide range of simulation models such as IGBT, SCR, 
triac, power MOSFET, BJT, pulse width modulators, DAC, ADC, transformers 
and DC inductor. The tool also simulates models of PMDC motor, solenoid, 
thermal resistance, propeller torque and so on. 
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SystemVision handles multi disciplines when simulating. The combining of 
different disciplines is not shown in the schematic. When selecting components 
from the components’ libraries to place on the schematic there are different 
libraries. An example is the resistor which is placed both in the Spice and in the 
VHDL-AMS library. There is no difference in the symbols between Spice and 
VHDL-AMS components and the same symbol can use either Spice or VHDL-
AMS library.  

SystemVision uses the advantages of hierarchical design where a large circuit 
fits one sheet [3]. The hierarchy component uses multiple disciplines and is 
therefore not bound to one discipline.  

SystemVision can as mentioned be installed as a part of the DxDesigner tool. 
The schematic created within DxDesigner can then be shared by all the other 
tools. The different tools simulate the same schematic and the same 
components from the component database called DxDatabook. The 
SystemVision tool does not by itself simulate effects from the PCB but as a 
part of the DxDesigner workflow the tool HyperLynx handles it.  

The SystemVision tool uses both Spice models and VHDL-AMS models. 
SystemVision can simulate both models independent of each other. This allows 
SystemVision to simulate the same circuit in different ways which ensures the 
correctness of the models and at the end of the circuits. 

SystemVision simulates both C code and VHDL. The VHDL package has to be 
compiled by the SystemVision tool. If the package is compiled by ModelSim 
the simulation will generate an error that the package body cannot be found 
[38].  

5.4.4 Analyses 

The SystemVision tool handles all known analyses and has advanced 
algorithms capable of simulating DC sweep analysis, Parametric sweep 
analysis, Monte Carlo analysis and sensitivity analysis [3]. The handled 
analyses are not only combined with the electronic domain but also with 
mechanical, fluid and thermal domains. 

An example where SystemVision handles multiple disciplines is given in the 
tutorials installed with SystemVision [28]. In the tutorial there is a guideline 
were an amplifier is created. The amplifier has, as illustrated in Figure 25, one 
resistor added between ground and the R_load. The added resistor named 
R_Sense is given the value of 1 Ω because it simplifies the latter calculations 
and the human understanding. In the viewed result there is easy to see that the 
voltage over the resistor is 0.5 Voltage and also 0.5 Ampere.  
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Figure 25: A circuit of an amplifier with thermal simulations included. 

The tutorial describes how this plot can be dragged and dropped into the inbuilt 
calculator. The inbuilt calculator calculates the power dissipated which puts it 
back into the Waveform Analyzer. The plot is illustrated in Figure 26. 

 
Figure 26: The upper plot is illustrating the input and output voltage and the lower 

plot is illustrating the power dissipated in the R_Sense calculated with the calculator. 

The tutorial goes on and changes the R_Sense to a resistor which itself converts 
the power dissipated in to thermal output. The new thermal pin can be used 
both to monitor the heat dissipated and to deliver energy. The new pin is in the 
example used to simulate a heat-sink but can also be used to simulate other 
thermal models. 
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One thermal pin converter is added which converts from heat to flow. To 
simulate the power dissipated in the resistor the power dissipated by the resistor 
is connected to a heat-sink where a thermal capacitance and a thermal 
resistance are simulating the heat-sink. The thermal part of the circuit is 
coupled to a thermal ground. The plot where the temperature from the heat-sink 
is illustrated is shown in Figure 27. 

 
Figure 27: The upper t_eth_rth plot is illustrating the temperature dissipated in the 
R_Sense and the lower a2d_out plot is illustrating the analogue to digital converter 

connected to the circuit. 

5.4.5 Create components, share component libraries and license file 

The library files in SystemVision with all the models are located in 
DxDatabook. The extended information needed for simulating the components 
can be merged or modified into existing components. DxDatabook is the 
database where all the tools included in DxDesigner’s workflow store their 
devices. The schematic is created in one of the tools and is then shared among 
the tools with all its components. 

SystemVision’s models can easily be shared over a network. It is easily done to 
modify or add devices in the libraries even to a network drive. It is positive to 
share the component library as all the devices are the same on all the 
computers. It is negative if there is some error or if some updates are done 
causing the following simulations to be incorrect.  
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The licences are shared on a license server and the tool uses a socket to verify 
the license. The licenses can be split among the engineers which saves license 
costs within the company. 

5.4.6 Models 

SystemVision supports several types of electronic models. The models can be 
both Spice and VHDL-AMS models. There is a capability, at this date as a Beta 
release, to read and convert MAST models. Included in the installation of 
SystemVision there are over 18,000 Spice models [3]. Included is also a tool to 
convert Spice models developed specifically for PSpice into Spice models for 
SystemVision [28]. The manufacturing companies often release their 
components’ models in PSpice format due to the special position PSpice has on 
the market. By adding the models into SystemVision and adding or creating a 
new symbol for the new components they are ready to be used in the 
simulations [28]. 

There are tools to merge an existing database with DxDatabook. DxDatabook 
is used by Mentor Graphic’s tool suite as a database for all the used 
components. In the database information as Spice values, blueprints and 
electronic data can be found. If the component is not provided in one of these 
formats or does not exist SystemVision is installed with a Model Generation 
Tool. The Model Generation tool generates VHDL-AMS models automatically.  

Another tool which also is installed with SystemVision is the Datasheet Curve 
Modeler. The Datasheet Curve Modeler uses the datasheet curves provided 
with the component and translates them to models. 

5.4.7 Graphical viewer 

When a circuit is simulated the result is illustrated by the Waveform Analyzer. 
The Waveform Analyzer has a list of all the simulations done as they are stored 
in a database. The database is visual and all the simulations can be viewed and 
compared between each other. The database with the simulations can be saved 
when the tool is closed and can be used later.  

Within the Waveform Analyzer there is a Waveform calculator. The Waveform 
calculator handles different ordinary arithmetic, algebraic and trigonometric 
operations. The Waveform calculator also handles statistical and transform 
functions which are usable when post processing the analysis and gain more 
useful information about the design [3].  
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The statistical function is useful when a Monte Carlo analysis needs to be done. 
An example is when a simulation is transformed into a histogram. The 
simulation is selected in the Waveform calculator. The Waveform calculator 
contains a histogram button which gives the possibility to choose number of 
bins. The histogram is stored in the simulation database and is viewed by the 
Waveform Analyzer. The Waveform calculator also gives the possibility under 
the transform menu to create correlation plots between parameters. The 
correlation plots give the opportunity to see if some parameters are depending 
on each other.  

Unfortunately both SystemVision and DxDesigner has inherited the bad habit 
where the tool guesses where the engineer wants to place his or hers 
components. The designing engineer is also stuck with only using the mouse 
instead of using both the mouse and the keyboard at the same time. 

5.4.8 SystemVision conneXion  

SystemVision has the possibility to connect its simulations and extend them 
with other simulation tools. Mentor Graphics has named this function 
SystemVision conneXion (SVX). The SVX has a multi-discipline environment 
where several tools can collaborate. Examples of tools that can collaborate 
through SVX are Simulink, LabVIEW, Java, System C and C/C++ [39].  

SystemVision handles the time and synchronizes time across the simulation 
tools. An example of how this flow works between the tools is when 
SystemVision simulates the sensors, actuators and plants and the simulation is 
visualized by the tool LabVIEW or Visual Studio.  

The interfaces are visualised as symbols in the tools LabVIEW and Simulink 
and as an API in C/C++. This provides an environment where the engineers use 
the ordinary environment when testing the circuit virtually. For example may 
the software engineer use Eclipse which is connected, as illustrated in Figure 
28, throughout the SVX network to the virtual circuit in SystemVision. The 
control engineer may setup a control model in Matlab Simulink and the test 
engineer may test the system using LabVIEW [39]. 

 
Figure 28: An illustration where the SVX network is working like a bus in a CPU. 
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5.4.9 Conclusion 

SystemVision simulates both Spice and VHDL-AMS models with a huge 
number of models which gives a great advantage compared to the earlier 
mentioned simulation tools. If there are any missing models there is a tool 
which helps converting or creating the desired model. The possibility to 
simulate both Spice and VHDL-AMS models makes the tool capable of 
extending the control of correctness as the results from the different simulations 
ought to be the same to be correct.  

The SystemVision tool handles to simulate in multi domains such as electronic, 
mechanic and so on. This makes the tool capable of simulating the complete 
mechanical system, which is outstanding. 

SystemVision has the capability to include assert based test benches where the 
model itself flags if there is something that is not correct. The tool also has one 
calculator which handles advanced vector calculations which helps the 
engineers ensuring the correctness of the simulations. 

SystemVision is not used at Avionics Division but many of its engineers are 
anyway used to the workflow and the visual. The tool has lots of features 
suiteable for designs at Avionics Division so further education in the tool is 
recommended.  

The tool is expensive but comes in many different versions where options can 
be added when need arises. Therefore it is somehow possible to affect the price. 
SystemVision comes with a floating license where the licenses are split among 
several users. 

SystemVision does not have to export the circuit or the netlist because it 
already exists in the Avionics Division’s workflow. This means that several 
engineers with different areas of profession can simulate in the same 
environment on the same files which minimises the bugs and creates robust 
electronics. 

The final conclusion is that the SystemVision tool fits within the Avionics 
Division’s workflow. 

5.5 Summary 
LTSpice has 1,500 Spice models, PSpice has 11,300 Spice models and 
SystemVision has 18,000 Spice models. SystemVision also manages VHDL-
AMS models. The possibility to simulate both Spice and VHDL-AMS models 
makes SystemVision capable of extending the control of correctness. 
SystemVision also has a calculator which handles advanced vector 
calculations. This also helps the engineers to ensure the correctness of the 
simulations. 
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LTSpice is free of charge. PSpice with the Advanced Analysis extension tool is 
costly. SystemVision is expensive with the possibility to somehow affect the 
price. 

LTSpice and PSpice are already used at Avionics Division. SystemVision is 
not used at Avionics Division but many of its engineers are used to the 
workflow and the visual. PSpice and SystemVision have lots of features so 
further education in the tools is as illustrated in Table 1 recommended.  

All the tools mentioned in this thesis handle advanced analyses like Monte 
Carlo and Parameter Sweep but as illustrated in Table 1 LTSpice lacks Worst 
Case analyses.  

LTSpice and PSpice (without Advanced Analysis, Table 1 illustrates this by an 
additional text) are limited in more advanced analyses where for example the 
histogram and the scatter plot is lacking. SystemVision has the capability to 
include assert based test benches where the model itself flags if there is 
something that is not correct.  

LTSpice and PSpice do not have a natural way of modelling and simulating 
mechatronics but SystemVision handles to simulate in multi domains such as 
electronical, mechanical and so on. This makes the SystemVision, as illustrated 
in Table 1, capable of simulating the complete mechatronic system.  

SystemVision gives the possibility for several engineers with different areas of 
profession to simulate in the same environment on the same files which 
minimises the bugs and creates robust electronic designs. 

 



Simulation tools 

 
Table 1: Summary of the comparison between the tools. 
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6 A case study of SystemVision 
This chapter contains a case study of a circuit simulation in SystemVision 
based on an existing circuit used by Avionics Division. The case study 
describes how the tool SystemVision is installed as an overlay of DxDesigner. 
It will also describe how the circuit was loaded into SystemVision and how the 
components were updated to fit the SystemVision simulation. The case study 
goes on with describing suitable analyses done on the circuit.  

This case study is done to examine how easy or difficult it is to simulate an 
already existing design in SystemVision. The goal was to experience how the 
flow works and if it is simple to do a simulation in combination with an already 
existing design. 

The study is also done to evaluate the tool’s usability, to see if it is easy to 
perform a simulation and if it is easy to find and use suitable models from the 
model library. The study is also evaluating the robustness simulation to see if it 
is easy to perform and what it can simulate. It is further more evaluating 
general applicability of the SystemVision tool to see if it models electronics 
well including Spice models and how the tool converts MAST models. The 
complexity of the tool is analysed and how the tool simulates the electronic 
domain as well as other domains.  

The schematic used in this case study was chosen from an existing design at 
Avionics Division. The schematic was analysed and a small function of the 
schematic was chosen to be simulated in the case study. The identified function 
was a Butterworth filter designed in the Sallen-Key architecture. 

6.1 The Butterworth filter in LTSpice 
The Butterworth filter chosen for this case study was already built and analysed 
in LTSpice by Avionics Division. The files from LTSpice were used in this 
case study to get an idea of what could be expected and to get something to 
compare the results from the SystemVision simulation with.  

The chosen filter is two eight-order Butterworth filters designed in the 
Sallen-Key architecture. The Sallen-Key architecture is illustrated in Figure 29 
where the illustration only shows one second-order filter.  
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Figure 29: Schematic of the first second order Butterworth filter using Sallen-Key 

architecture illustrated by LTSpice. 

The cut-off frequency is where the magnitude of the output frequency becomes 
-3 dB. The cut-off frequency in the Butterworth filter is calculated as 
Formula 1: 

Formula 1 [40][41]: 
21212

1
CCRR

Fc π
=  

The transfer function of the Butterworth filter is calculated as Formula 2: 

Formula 2 [40][41]: 
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The second-order filter is cascaded four times to construct an eight-order 
Butterworth filter. The transfer function of the complete eight-order 
Butterworth filter is calculated where the part transfer functions are convoluted 
together.  

An AC analysis of the eight-order Butterworth filter performed in LTSpice is 
illustrated in Figure 30. The AC analysis’ result reveals that the eight-order 
filter has a cut-off frequency at 420 Hz [41]. 
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Figure 30: Bode plot from an eight-order Butterworth filter using the characteristic of 
Sallen-Key architecture illustrated by LTSpice. 

6.2 The case study in SystemVision 
The first thing to do for this case study was to install the SystemVision overlay 
as a part of the DxDesigner workflow.  

6.2.1 Installing SystemVision 

Here it is important to notice that DxDesigner has to be installed before 
SystemVision. Otherwise SystemVision is not installed as an overlay version 
which is important when loading a DxDesigner circuit. Installing SystemVision 
before DxDesigner will make the installation a standalone which will not fit the 
workflow of Avionics Division. The installation of SystemVision as an overlay 
was done smoothly.  

When SystemVision was installed the license file was setup on a locale license 
server. There were troubles to setup the license server as the variable 
containing the address needed to be set by an administrator, the license file 
needed to contain all the desired licenses and as the computer needed to reboot 
when the license variable was changed before it could be used.  

6.2.2 Loading circuit into SystemVision 

When the circuit containing the filter was loaded into DxDesigner the part of 
the circuit containing the filter was copied into a new schematic. This was done 
due to the original CAD design was not using hierarchy, which would have 
done the simulation easier. With hierarchy it had been possible to have only the 
filter fitted on one schematic and to simulate that isolated from the rest of the 
circuit.  
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Due to that SystemVision is a new tool, DxDatabook of Avionics Division is 
not updated with the properties of the devices’ characteristics that 
SystemVision needs. There are two ways to solve this. The first way is to 
update the devices in the central library and to simulate the design after they 
have been updated. How to update the devices’ properties in the central library 
is described in section 6.2.3. To update the central library is sensitive as all the 
devices used by Avionics Division are within this database. The second way 
and the way used in this case study, is to CAD the design once again as a new 
project. 

By using CAD the Butterworth filter to be simulated was first designed to 
match the PCB design. The upper part of Figure 31 illustrates the PCB design 
and the lower part illustrates the SystemVision design. As illustrated there are 
different symbols used in the schematics by the different tools. The differences 
in symbols are due to different European and American standards.  

 
Figure 31: A comparison between the upper PCB schematic and the lower 

SystemVision schematic. 

There is a difference in components between the schematic done in LTSpice 
and the schematic done in SystemVision. The difference is the capacitor in the 
final second-order filter, named C2 as illustrated in Figure 29. LTSpice uses 
one 18 nF capacitor and SystemVision uses three capacitors with a total of 
18.3 nF. This difference is further discussed in section 6.3.  

Another difference between the schematics is that LTSpice uses lt1001 
operational amplifier macro models and in the SystemVision schematic the 
same operational amplifiers are simulated by the Spice macro model of OP484. 
The Spice model of the OP484 operational amplifiers was downloaded from 
the company Analog Devices’ homepage and used in the following simulation. 
The macro model of OP484 was chosen as it best compares to the operational 
amplifiers used in the final product. This makes the simulation more realistic 
and the results of the simulation can be compared to the result of the hardware 
tests. 
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The Spice macro model was downloaded and placed in the working directory 
of the project. The file was dragged and dropped into SystemVision where the 
tool automatically started to use the file as a Spice device and gave it a symbol. 
The symbol was then edited by right clicking on the symbol and choosing Edit 
Local Symbol. The pins of the new symbol and the pins described in the Spice 
file were matched. The result of the editing is illustrated as the operational 
amplifiers in the lower part of Figure 31.  

The Spice macro model used a five pin symbol where as the old schematic only 
uses three. This was managed by adding a +/- 15 voltage supply into the 
schematic. The voltage supply is not illustrated in Figure 31 due to it is not 
relevant in the comparison. This way of connecting the operational amplifiers 
has no impact on the result of the simulation. 

6.2.3 Updating the central library  

The central library is a database where all the metadata about the used devices 
in the DxDesigner workflow is stored. The devices that are going to be 
simulated have to be updated in the central library if it has not all the properties 
of the characteristics that SystemVision needs for the simulation. When 
installing SystemVision the central library is not updated automatically. There 
is no need to update all the components in the central library before simulating, 
only those necessary for the simulation. There are differences when updating 
the central library depending on the used version of DxDatabook [38]. This 
thesis will only handle the flow 2007 because that is the used version at 
Avionics Division.  

The developer of DxDesigner Mentor Graphics recommends that the flow 
between DxDatabook and DxDesigner is reviewed by a Mentor application 
engineer to ensure that the flow is optimised for the user’s purpose. In the 
central library the properties used by SystemVision have to be merged. 
Depending on the used model language different properties have to be added. 
This depending on that Spice uses different sets of properties than VHDL-AMS 
models do [38]. 

The symbol properties required by Spice models are Model, Order, Pin Order, 
Prefix, Simulation Model, SPICEFILE and Value. All the added properties 
have to follow this special name standard. 

The symbol properties required by VHDL-AMS models are Pin Order, 
Simulation Model, VHDL File, VHDL Model, VHDL_GENERETIC, 
Pin Type, VHDL_PORT and VHDL Type.  

The files containing the Spice data are stored in the subfolder SymbolLibs in 
the main folder of the central library and the VHDL-AMS models are stored in 
the subfolder named hdl.  
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The central library is modified by the Library Manager tool. The Library 
Manager Tool opens .lmc file. The .lmc file is the central database containing 
all the information about the models. If there is a comprehensive modification 
in the database an ODBC connection to Excel or Access can be used.  

The first thing to do when starting a simulation in SystemVision is to expand 
the current central model library with new properties suitable to the desired 
way of simulating. When all the needed properties are added the devices of the 
circuit can be updated. All the devices which are going to be simulated need to 
have the desired data in the central library. 

6.3 An AC analysis of the Butterworth filter 
The first analysis performed on the filter was an AC analysis to get the 
frequency response. To do the AC analysis in SystemVision first a netlist has to 
be built. To build the netlist of the circuit click on the netlist button or 
SystemVision menu and choose netlist. Then the simulation can be done using 
the simulate button or simulation choice in SystemVision menu. A new dialog 
is visualised were the choice frequency analysis was selected. The frequency 
spectra 100 - 2,000 Hz was chosen. Under the tab Results all the desired 
waveforms can be selected. In this simulation all the waveforms were stored in 
the simulation result database.  

The result of the simulation done in SystemVision is illustrated in Figure 32. 
The cut-off frequency at the magnitude -3 dB is 410 Hz compared to 420 Hz in 
the simulation done with LTSpice. The difference is not only caused by the 
different operational amplifiers, it is also depending on the differences of the 
capacitance in the final second-order filter, named C2 in Figure 29. The PCB 
schematic uses a total capacitance of 18.3 nF and the LTSpice schematic uses 
18.0 nF.  

 
Figure 32: A Bode plot of the Butterworth filter where the cut-off frequency is 410 Hz 

when analysed by SystemVision. 
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To control how the difference in capacitance affects the cut-off frequency 
another AC-analysis was done. The new simulation consisted of two eight-pole 
filters with a difference of 0.3 nF at the final stage. The simulation showed that 
the difference, which might seems to be small, causes the cut-off frequency to 
differ 7.4 Hz. The difference by 2.6 Hz depends on the different operational 
amplifiers used by the different tools. 

If the cut-off frequency is supposed to be 420 Hz but instead is 410 Hz 
important information in the frequency range 410 - 420 Hz will be lost and the 
filter function will fail.  

6.4 Stability and reliability test 
This second test of SystemVision is a stability and reliability test using AC 
analyses. The purpose of the stability and reliability test is to see how stable the 
tool is and if the tool can produce identical results time after time. The 
Butterworth filter was used to do a comparison between Spice based and 
VHDL-AMS based devices. The test was performed by simulating first the 
Butterworth filter with only Spice based devices and then with only VHDL-
AMS devices. There were also several runs of the analysis to examine if the 
tool does the same calculation every time.  

The results of the AC-analyses are illustrated in Figure 33, which shows that all 
the simulations done render the same result no matter if the devices are 
specified in Spice or VHDL-AMS.  

 
Figure 33: Comparison between VHDL-AMS and Spice based devices. 

An advantage with SystemVision is that all the results can be shown in the 
same diagram making the results easy to compare. When analysing the diagram 
the engineer is capable of securing the correctness of the models due to that 
both the Spice models and the VHDL-AMS models and their individual results 
can be compared in the same diagram. 

86 



A case study of SystemVision 

6.5 Robustness simulation 
This test of SystemVision is a robustness simulation test using a Monte Carlo 
analysis. The test is performed on the Butterworth filter to see how easy it is to 
do a robustness simulation and also to see what can be simulated. The Monte 
Carlo analysis is one of the robustness simulations which can be done in 
SystemVision. The tool also manages Worst Case analysis and Sensitivity 
analysis, but they are not performed in this thesis work. 

Setting up a Monte Carlo analysis all the components of the Butterworth filter 
were updated with their correct tolerance level. The filter is built using 
1 % resistors and 2 % capacitors except for the C9 capacitor where a 
5 % capacitor is used. The lower part of Figure 31 illustrates the schematic of 
SystemVision and how this is publicised in the schematic tool.  

When the components have been updated with the new values the netlist has to 
be built. After that the simulation can start by using the simulate button or 
simulation choice in SystemVision menu. A new dialog is visualised were the 
choice frequency analysis is selected. Under the tab Results all the waveforms 
were stored in the frequency waveforms. The Monte Carlo analysis is set to do 
500 AC analyses in the same run and all the devices’ values were changed 
according to the set tolerance level. 

The result of the Monte Carlo analysis is illustrated in Figure 34. The result 
shows that the cut-off frequency differs from 403 Hz up to 416 Hz at the 
magnitude -3 dB. From this it is possible to conclude that the differences 
between the simulation and the test on the physical PCB after manufacturing 
will be small. The result also shows that the desired cut-off frequency needs to 
be lower than 403 Hz to secure a correct filter function in the circuit due to the 
difference in the manufacturing. Another suitable analysis to do on the filter is 
a Worst Case analysis. That analysis could clarify if the 403 Hz is the worst 
case or not. 
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Figure 34: The Monte Carlo analysis with 500 AC analyses of the Butterworth filter 
illustrated by the Waveform Analyzer in SystemVision. 

The Monte Carlo analysis is easily done but can be time demanding. 
Depending on the speed of the hard drive, how many cores the CPU has, the 
speed of the CPU and the memory and how much of this SystemVision can 
take advantage of, the analysis will take different amount of time. This Monte 
Carlo analysis took 500 times longer then an AC analysis due to that there was 
500 AC analyses done. 

 

In Waveform Analyzer the menu tools/measurement tool is chosen to start the 
measurement tool. The measurement tool is used to build a sensitivity analysis 
of the values from the result of the Monte Carlo analysis. The relative statistical 
sensitivity analysis illustrated in Figure 35 reviews the result. The device that 
have the most influence on the frequency appear as the longest bar and is in this 
case the capacitor C2. 

By selecting the different bars in the relative statistical sensitivity analysis 
illustrated in the lower diagram of Figure 35 the upper diagram will change and 
display the corresponding scatter plot. As seen in the bottom of the lower 
diagram all the devices are not visualised at the same time, but are reached by 
scrolling in the plot. 
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Figure 35: Relative statistical sensitivity in the Monte Carlo analysis of the 

Butterworth filter. Capacitor C2 highlighted. 

6.6 Conclusion of the case study 
Many conclusions may be drawn from the case study and the overall 
impression is that SystemVision simulations, ordinary as well as robust, are 
easy to perform due to that they are similar to do and do not differ much from 
the other used tools. The tool fits the workflow at Avionics Division well as it 
is installed as an overlay version in DxDesigner.  

The tool manages all different types of analyses mentioned in this thesis 
including the more advanced Monte Carlo analysis. It has been easy to perform 
the analyses in the electronic domain.  

An experience from the case study is that if the desired model does not exist in 
SystemVision it is easy to either import an existing Spice model or an existing 
VHDL-AMS model. SystemVision also imports PSpice models after they have 
been converted by the tool. The tool also has a Beta function to import MAST 
models. 
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7 Conclusions and final discussion 
This chapter contains the main conclusions and the final discussion of this 
thesis work. The chapter starts with conclusion and discussion about why the 
Avionics Division needs to model and simulate their electronics. The chapter 
goes on with conclusions and discussion about the tool comparison and ends 
with the conclusions and the discussion about the performed case study.  

7.1 Reasons for modelling and simulation 
Many conclusions could be drawn from the answers to the questionnaire 
discussed in Chapter 3. An overall conclusion is that simulation is a very 
important tool to secure robust and reliable electronics. This makes it a critical 
part of Avionics Division’s workflow.  

The electronics need to be simulated to gain understanding of the behaviour of 
the circuits. It needs to be simulated to get robust and bug free circuits. The 
electronics also need to be simulated to predict its behaviour in rough 
environments such as black boxes in aeroplanes. 

In the near future, the response to the questionnaire shows, Avionics Division 
ought to extend the simulations to contain not only the electronics but also the 
mechatronics. This is to be able to eliminate the bugs at an early stage of the 
design process to save development time and produce more robust electronics.  

7.2 One or several tools? 
The completed study carried out through a questionnaire showed that there is a 
need for modelling and simulation at Avionics Division. The needs range from 
risk mitigation to validation of requirements. This wide range makes it hard to 
use specific simulation tools as this means that the tools will be several to cover 
all the possible needs. On one hand having several tools means paying for 
several licenses, supporting several different tools and programs, offering the 
employees education in several tools and so on making the modelling and 
simulation an expensive and complicated area of business. 

On the other hand advantages with using several tools are that the tools by 
themselves are easier to handle and that the tools handle specific areas where 
the engineer becomes good with using the tool. Another advantage with using 
several tools is that several tools can be used to check one circuit to secure the 
correctness of the simulation.  
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An alternative to this is using one or maybe two tools which cover the whole 
spectra of simulation. A more advanced tool has the advantage that there is a 
more holistic view of the simulation. If the engineers use the same tool they can 
help each other with difficulties and the simulations would not be stranded by 
one engineer. As the case study in Chapter 6 shows there are also advantages 
with being able to simulate the complete design which later is used in the 
hardware.  

A more advanced tool is expensive and will require educational efforts to be 
able to take advantage of all the benefits of the tool. 

7.3 LTSpice, PSpice or SystemVision? 
As we have seen throughout this thesis there are several simulation tools on the 
market with different functions and capabilities. If the engineer only wants to 
find out the behaviour of the circuits all the tools mentioned in this thesis can 
be used. But if the engineer wants to simulate more complex designs with 
mechatronic functions then the only tool to choose is SystemVision. 
SystemVision is performing and evaluating robustness analyses such as Monte 
Carlo and Worst Case in a better way than the other tools evaluated in this 
thesis.  

Based on the tool comparison done in this thesis the conclusion can be drawn 
that LTSpice and PSpice are very similar tools. Both the tools simulate the 
circuit and present the results in the same way. SystemVision extends the 
simulations in many different ways compared to the other tools.  

If the choice is between using LTSpice or PSpice the Avionics Division might 
as well use LTSpice because it is free of charge. The differences between the 
tools do not justify the price difference.  

If the Avionics Division wants to be at the frontline of simulation making 
advanced simulations within different domains and using models not only 
Spice based but also VHDL-AMS models the choice is SystemVision. 

The tool comparison and the case study show that if Avionics Division wants to 
use the simulation tool as close to the workflow as possible the only choice is 
to use SystemVision. This is because SystemVision, installed as an overlay 
version, is part of DxDesigner toolkit.  

7.4 Case study 
Based on the case study done in Chapter 6 it is possible to conclude that 
SystemVision is graphic and pedagogically well built. This makes the 
simulations easy to perform and DxDesigner makes it possible to easy choose 
correct models. The drag and drop function makes the importations of new 
Spice models simple to perform.  
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Based on the repeated AC analyses done in Chapter 6.4 it is possible to 
conclude that SystemVision is stable when it comes to AC analyses both with 
Spice and VHDL-AMS models. The tool performs the same AC analyses time 
after time independent of if the models are Spice based or VHDL-AMS based. 

Based on the robustness simulation performed in Chapter 6.5 it is possible to 
conclude that it is easy to perform a robustness simulation using SystemVision. 
The robustness simulation used in the test was a Monte Carlo analysis. The tool 
also gives great potential in analysing the performed simulation which was 
shown when the results were used to build sensitivity analyses of components. 
It is possible to sort the components in a sensitive order.  

Based on the study done in SystemVision there can be conclusions drawn that 
it is easy to make complex models of systems where all the components are not 
electronic. For example it is possible to simulate circuits in the thermal domain. 
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8 Future research 
This chapter contains ideas about research to be done in the near future to 
continue this thesis work. 

• Research on how calculations can be faster performed by using a 
graphic card for calculating the algorithms, or other peripherals of the 
computer.  

• Research on how to optimize the algorithms to fit the computers of 
today with several cores and threads.  

• Research on how accurate the models are and development of guidelines 
for the workflow to secure the accuracy of the models.  

• Research on if all calculations of all phenomena are included in the 
micro models. 

• Research on how to import MAST models into the designs and simulate 
them. Also on how to include MAST models in the stability tests of the 
tool SystemVision.  

• Test the beta function in SystemVision to see how good it is converting 
MAST models into Spice models or VHDL-AMS models. 

• Extend the tool evaluation by adding tools like Eldo Premier, Saber, 
Multisim Automation and SimElectronics in the survey. 

• Modify all the components in DxDatabook to fit the SystemVision 
framework and test to import several already existing schematics into 
SystemVision for simulation. 

• Research by extending the robustness simulation done in the case study 
by simulating the design with several robustness simulations. Also 
simulating not only the AC analysis but also the transient analysis. 

• Extend the stability test of SystemVision by adding several different 
models. Extend the stability test by simulating larger designs and also 
compare the tests with the built hardware. Extend the test with several 
analyses too see if the tool is stabile even in other domains than the 
frequency domain. 

• Extend the test using SVX and test the connections between the tools 
LabView, Simulink and C. 

• Extend the test on larger designs and complete systems where an 
existing design like the highlift system is imported. 
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Questionnaire master thesis at Saab 2011-04-08 
 

1. What type of hardware do you design: 
a. pure analog? 
b. pure digital? 
c. mixed analog and digital? 

 
2. What are your thoughts about simulating hardware? 

 
3. How complex is the hardware you simulate today? (One transistor, several 

transistors, several operational amplifiers, complete complex circuits, 
complete circuit boards or complete systems) 

 
4. What are your experiences from simulating hardware: 

a. how do you simulate the hardware today? 
b. what tools do you use when you simulate the hardware? 
c. what properties do you observe (e.g. crosstalk, DC-drop, timing)? 
d. do you simulate functionality? 
e. do you lack any hardware analysis today? 

 
5. How do you ensure that your simulation provide accurate data? 

 
6. How do you ensure that your simulation present enough data? 

 
7. How do you ensure that your models are accurate? 

 
8. How do you ensure that the simulator tools use correct formulas? 

 
9. Do you see a need of simulating the hardware to get: 

a. internal risk mitigation? 
b. more robust hardware? 
c. simplified design reuse? 
d. reduced manufacturing costs? 
e. simplified HW/SW integration? 
f. a simulation of mixed analog/digital circuits? 
g. thermal simulations? 
h. rapid examination of design tradeoffs? 
i. validation of requirements? 
j. glitches? 
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k. delay variances? 
l. reliability, error detection & correction? 
m. fault injection? 

 
 

10. How complex is the hardware you want to simulate in the future? (One 
transistor, several transistors, several operational amplifiers, complete 
complex circuits, complete circuit boards or complete systems) 

 
11. Related to the above mentioned questions do you see any other area of 

simulation valuable to simulate for Saab? 
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