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www.asml.com/careers

How do you create a 
logic gate using just 
24 silicon atoms?

Join ASML as an Electronics Engineer and help push the boundaries of technology. 

As one of the world’s leading providers of lithography systems for the semiconductor industry, we bring together the 
most creative minds in science and technology to help produce increasingly cheaper, faster and more  
energy-efficient microchips.

For the past 25 years, we’ve been helping to realize Moore’s law. Now we want to go even further: to enable  
the tripling, or even the quadrupling of chip-feature density every two years. That’s why we need talented  
Electronics Engineers. People who can, for example, increase the speed and the precision of our systems 
integration, and thereby enable future logic gates no bigger than a few silicon atoms. It’s just one of  
the many electronics challenges at ASML. And there are countless more – all targeted at achieving  
more than Moore’s prediction. 

If you’re up for these challenges, we’ll put you in a multidisciplinary team and give you  
plenty of freedom to experiment and learn new skills. What Moore could you want? 
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presidential note

Fifty percent

Dear people from the year 2014 and later years. After all, if all is right, we 
are now half way through the year. Other options are that this is ancient 
material or somebody brought back one copy from the future to a period 
in time before this one is supposed to be written. For the sake of this arti-
cle, I regard the latter as the least likely possibility. However, I don’t want 
to exclude anyone from feeling discriminated. After all, I’m against time-
ïsm. So hi to you too!

At the time of writing I can safely confirm 
that our board is still standing strong. So-
metimes we have some space to breath but 
most of the time we are infinitely busy. For 
those mathematicians among us. I define 
busyness (B) as: 

Lately we are approaching the limit of tfree 
goes to zero. Perhaps not all of you know 
the answer so I’ll give you a hint: it’s at least 
OVER 9000!

Our association is also halfway through the 
introduction of the new education. I am 
glad to see that it is all going well. I am noti-
cing that lots of people are working hard to 
make it work and that is nice to see. As a re-
sult, we were able to fill all of the freshmen 
committees with plenty of members. Great! 
Two third year students stood up to help 
these guys facing the first confrontation of 
organizing big events. A big shout-out to 
you too!

In previous years, the income of Scintilla 
was taken care of by the Commissioner of 
External Affairs. He(or she) contacts com-
panies to sign contracts. The company gives 
us money, and we do the best we can to 

help those companies to spread their names 
and promote their activities. This year, we 
don’t have one of those commissioners so 
we have to distribute the workload. A talen-
ted group of traveling well tongued talkers 
are helping to build this new committee up 
from the ground. I am really curious how 
this chapter will end. I have a lot of faith in 
this committee!

Soon our study trip people will go off to Ja-
pan. There they will spend 3 weeks, some a 
lot longer, to learn about the country and 
their technology. The Scintilla room sure 
will be very quite.

All in all I feel that this will be a great year. 
I’m really looking forward to the next half 
of it!

Op de koningin, op Scintilla!

Robert Fennis,
President of E.T.S.V. Scintilla

84rd Board of E.T.S.V. Scintilla

President

B(tfree) =
Ttot − tfree

tfree
for Ttot > 0 (1)

1

Lasergaming, pooling
Thursday 13 Februari
19:15h, LaserGame Hengelo

11 beer trip
Tuesday 19 Februari
15:30h, Several locations

Scrapheap Challenge EE
Friday 7 March
20:00h, Westzaal

Excursion ASML 
Friday 14 March
08:00h, ASML

42nd Batavierenrace 
Friday 9 May
20:00h, Nijmegen-Enschede

Theme drink 
Thursday 24 April
20:00h, Abscint
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Wireless communication becomes more and more po-
pular in our society. Being online everywhere is very im-
portant for a lot of people and the speed and capacity of 
wireless networks has to increase to fulfill this demand. 
What is next after 4G, and what has it for impact on the 
battery life of your portable device? Wim Korevaar of 
the CAES group elaborates on this in the main article 
of this Vonk.

Last October, the biennial World Solar Challenge took 
place in Australia. For the fifth time Twente competed in 
this race and with The Red Engine, Twente tried to win 
this race. In this edition of De Vonk, electrical engineer 
Tom tells about the race and how it went for the team. If 
you want to know more about this experience, this arti-
cle is a great start.
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For a lot of students, the future is blurry and some of 
them even fear the civil life. In our recurring section `Af-
terlife’, Rick van Keken tells about his life after his gradu-
ation. In the present, Rick has a full time job at Shell. In 
this article, you can read what kind of work an electrical 
engineer can do, in a big multinational, focused on the 
oil business.

One of the many challenging things in IT is how multi-
ple different servers can be administered in an efficient 
and uniform way. In this Vonk, Koen of the committee 
SOT has written an article about Puppet, a professional 
tool to manage multiple servers with a single configura-
tion. This makes the systems easier to manage and as a 
consequence, the systems become more stable.

Editorial

Apples

This delicious fruit is awesome, its tree 
is one of the most widely cultivated tree 
fruits worldwide, and it has many health 
benefits. The phytonutrients in apples 
can help you regulate your blood sugar 
and apples are a good source of dietary 
fiber. The whole food form of apples is 
also important if you want full satisfac-
tion from eating them. Researchers have 
recently compared intake of whole apples 
to intake of applesauce and apple juice, 
only to discover that people report less 
hunger (and better satiety) after eating 
whole apples than after eating applesau-
ce or drinking apple juice. Apples also 
contain vitamin C which is good for all 
different kinds of biological processes in 
your body. Vitamin C functions as anti-
oxidant and helps your immune system 
to fight off nasty attackers. So there is 
maybe some truth to the old saying: An 
apple a day keeps the doctor away!
Apples are also a touchy subject in the 
Scintilla Room. In this case we don’t 
mean the fruit but the shiny but slightly 
overpriced products from the company 
in California. There is a never ending war 
between the Scintilla members which are 
users of Apple products and those who 
aren’t.  In the end we have to accept that 
this war cannot be won and we will have 
to find a way to live with it.
The last order of business is the apparent 
metamorphosis of “De Vonk” into an Ap-
ple. We had quite a scare with the arrival 
of “de Appel” instead of “De Vonk”,this 
was not what we ordered… Luckily “De 
Vonk” arrived a few days later. Appa-
rently it was a mix-up at the company 
that handles the postage of “De Vonk”. I 
guess the guy in charge of dispatching our 
magazine was not in very good mental 
health, or possibly very sleepy. He should 
have eaten more apples!

Peter Oostewechel

22 Bachelor Assignment
A simulator for photonic filters
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news news

News for the  
Electrical Engineer

Fully functional loud-
speaker 3-d printed

Researchers from the university of Cornell 
have 3-d printed a working loudspeaker 
which integrates the plastic, conductive and 
magnetic parts all at once. The difference 
with a normal 3-d printer is that the 3-d 
printer from Cornell can print complete 
functioning products consisting of multiple 
materials.
The biggest challenge in printing this loud-
speaker was how to print the different mate-
rials used, since the materials require diffe-
rent temperatures to be printed and curing 
times. To print the loudspeaker they used 
silver ink for the conductor and a special 
blend of strontium ferrite for the magnetic 
material of the core.

source: http://tinyurl.com/vonk3221

EPFL scientists have shown that it is possi-
ble to increase the data throughput of opti-
cal fibers by a factor of 10. To achieve this 
result they reduced the amount of distance 
between two consecutive pulses that are 
send through the optical cable.
In optical fibers the data is send by a series 
of light pulses. These pulses have a certain 
distance between them so they do not in-
terfere with each other. This space between 
the pulses leaves unused space that could be 
used for data transfers.
There are already several different approa-
ches to increase the throughput of the opti-
cal fibers, but most of them require changes 
to the cables themselves. The EPFL scien-

tists took another approach, the looked 
closely at the fundamental issue of the light 
itself.
The idea to improve the throughput was to 
fit all the pulses nicely together like a puzzle 
without distorting the data to much be-
cause of interference. To do this they used 
a technique called “Nyquist sinc pulses”. 
These pulses are more pointed, and when 
shaped correctly do not interfere with the 
next symbol that is send. This way more 
symbols can be packed in a narrower space 
and thus increase the bandwidth as shown 
in the figure below.

source: http://tinyurl.com/vonk3224

Optic fibers throughput increase 10 times

The robot that was recently acquired by 
Google won the Darpa challenge. It scored 
27 points out of 32 points putting it seven 
points ahead of the competition.  Three 
points could be awarded for completing 
a task, and one bonus point could be ob-
tained for doing so without any human in-
tervention.
The Darpa challenge was inspired by the 
nuclear reactor meltdown in Fukushima, 
Japan. The organization realized that robots 
were only capable of very limited things 
during such a breakdown. So to increase the 
development in this area a challenge with a 
price of $2M was held.
The challenge existed of several time-limi-
ted task of 30m each. Tasks included dri-

A team of German and American scientist 
has developed a new type of OLED that 
can output as much light as conventional 
and commercially available OLED displays, 
but without the use of the rare metals that 
are normally used in OLED displays. In 
the traditional OLED displays the metals 
iridium or platinum are used. Without the 
need for these expensive materials the cost 
of OLEDs could be reduced.
OLEDS convert only a small part of their 
electrical current into light. This is caused 
by a quantum mechanical property of the 
electrons and holes, which is called spin. 
Each hole and electron has a spin state, 
so when they meet there are four possible 
states. Unfortunately only one of these 
states emits light while the others produce 
heat. The rare metals are then used to incre-

Electron spin manipulation makes OLED Dis-
plays cheaper.

ase the number of light generating combi-
nations. But it is also possible for a spin to 
switch to its more light friendly nature on 
its own. If an electron hole pair can be held 
long enough in its electrical excited state for 
one spin to flip it will send its extra energy 
as a photon rather than heat.
The trick used to increase the number of 
light emitting pairs lies in the shape of 
the organic molecules used in the OLED 
displays. Two different kind of polycyclic 
aromatic hydrocarbons (carbon-based mo-
lecules having multiple ring-shaped compo-
nents) where used. The atomic structures of 
these molecules where such that they could 
trap the charge carriers long enough for the 
spontaneous spin flip to occur.

source: http://tinyurl.com/vonk3222

Epilepsy prevented 
with brain implant

A company called NeuroPace created a 
Responsive neurostimulation (RNS) im-
plant to control epilepsy. It has performed 
well in clinical trials and safely easing the 
symptoms of patients.
The system scans for abnormal electrical ac-
tivity in the brain that could lead to a seizu-
re. Once this pattern is detected the device 
delivers strong stimulations to the brain 
to disrupt the abnormal activity. Because 
the stimulation is so much more intense it 
masks the abnormal activity of the sensitive 
parts of the brain and thus preventing an 
epileptic attack.
The implant replaces a part of the skull of 
the patient. It has the same thickness and 
curve as the skull, and it is connected to the 
brain by two insulated wires. This implant 
is capable of treating two epileptic foci. The 
implant reduced the number of seizures by 
38%.

source: http://tinyurl.com/vonk3225

Google’s Shaft robot wins Darpa rescue  
challenge

ving utility vehicle, climb a ladder, remove 
debris, close air valves and unreel a hose and 
then screw its nozzle into a wall connector. 

source: http://tinyurl.com/vonk3223
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that modern technologies become outdated 
within a decade, roughly the time a student 
needs for his study. The work conditions 
are changing: companies are divided, sold 
or merged. When I finished university it 
was expected that I entered a company, 
make my whole carrier in it and retire after 
having worked only in this company. Now 
you must expect to change company several 
times; in the US the situation is that a 35 
years old engineer has had about 10 jobs. 
So we must conclude that we are preparing 
our students for jobs than do not exist now, 
to solve problems we do not know of their 
existence, using methods and technologies 
which do not exist now, in social contexts 
of which we have no idea of. 

More fundamentally, a rather philosophical 
set of arguments to review the curriculum 
and the way of teaching is related to chan-
ges in the society. The modern engineer has 
to work in a much more complex environ-

ment. The globalization demands engineers 
who are able to work in intercultural set-
tings and in multidisciplinary teams. The 
engineering fields are changing so quickly 

The need for a change of the curriculum of 
EE was evident: some courses that were inti-
mately connected were scheduled with one 
year gaps, the volume of some courses (in 
terms of EC) did not match the students’ 
experience, courses closely connected deve-
loped independently, resulting in unneces-
sary overlaps and gaps. 

A more political issue was the extremely 
low efficiency and students took a very long 
time to finish their bachelors. A committee 
reviewing the curriculum complained that 
the field of electrical engineering was not 
made very clear to prospective students, 
and that the beauty and appeal of the field 
was not made clear in the teaching process. 
Politics demanded a faster and cheaper edu-
cation system.1

educationeducation

Job van Amerongen said, repeatedly, that teaching becomes better after 
every fundamental change of the whole curriculum, and that the change 
itself is most effective, not so much what is changed. This sounds cynical 
but it is not: all professors think anew on their way and contents of tea-
ching, throw out superfluous stuff, redesign the course and use all expe-
rience gathered during teaching on a whole course. This is different from 
continuously fine tuning. In fine tuning one changes many details which 
after time inevitably leads to imbalances, the amount of content increases 
and the course becomes overloaded in course of time. The fine tuning is 
going on in all courses, so the whole curriculum grows out of balance, so 
now and then a fundamental change is needed.

A new curriculum 
for EE

It is this latter complex of fundamental rea-
son why the University of Twente is chan-
ging its way of teaching. 

For Electrical Engineering the problems 
were most pressing because of the commit-
tee report mentioned earlier, and most pro-
fessors agreed to a quick change, therefore 
EE started with a pilot for the new “Twents 
Onderwijs Model” (TOM). TOM has the 
ambition to cope with the challenges men-
tioned above. The following measures are 
taken: 

1.	 Educate the new flexible engineer by 
introducing project or problem based 
learning (PBL)

2.	 Create units of 15 EC (=10 weeks full 
time) of coherent content, which are 
completed by a single grade

3.	 Divide the whole of the various cur-
ricula in four roughly equal parts: the 
subject (in this case electrical enginee-
ring), supporting sciences (here: ma-
thematics and physics), a concentra-
tion on one of the fields of the subject 
(here for example a thesis in one of the 
chairs) and a free component (the mi-
nor at the UT)

4.	 For the sake of efficiency share as many 
modules with other curricula

5.	 Teach more cost effectively
6.	 Introduce a line for mathematics for 

all students of technical subjects and a 
line of scientific methods for the other 
sciences

7.	 A long term goal is to reduce the num-
ber of bachelors (now 22) to five to 
ten.

The idea to drastically reduce the number of 
bachelor programs was abandoned altoge-
ther, very unfortunately in my view, because 
this process had forced us to think anew on 
what engineering should be.  

I think we have accomplished quite a bit 
with the renewing of the EE curriculum. 
Most modules are coherent units. We have 
formed well functioning teams of profes-
sors in the modules. Teaching and grading 
has been done in a way so that students in-
vest the required effort to pass the modules. 
The pilot had three modules in the first 
three quarters of the year 2012/13. The ba-
sic ingredients were coherent contents, the 

foundation of well functioning teams of 
professors, a project integrated in the mo-
dules. In a second step we gave the project 
a bigger role by starting in the first week 
and we actively supported the formation of 
small groups of students to study together.  
All, students as well as professors seemed to 
be quite content with the results. 
Still there are a few problems left for my suc-
cessor. 

Not all modules are coherent. In particular 
the module computer systems has the pro-
blem that there is a big chunk of mathema-
tics which is totally unrelated to computer 
systems. A similar problem, albeit less seve-
re, is in the module Electronics. The module 
on control has the danger to be overloaded, 
and a similar problem might arise in the 
module signal processing and communi-
cations. I am not happy that the modules 
device physics and computer networks are 
electives. I have no good idea what to do 
with the minor (we thought of a module 
with a multidisciplinary project). Finally we 
have no good idea how to cope with a final 
bachelor project of 30 EC.  

The biggest challenge left is related to the 
first point in the above list. This requires a 
different type of teaching and learning in 
which the student is the active agent. To re-
alize this we (the professors) need to learn a 
lot and this will take time.

1. This needs a personal note: studying means to go for the details, to explore the whole range of the meaning of a subject. A subject is 
a multidimensional object (an example is a city, which you only learn to know if you come to several locations several times and from dif-
ferent directions) which is studied in time, meaning along a line: the study process is one-dimensional. This problem is solved by going 
through the material several times, on increasing levels of abstraction and from different perspective. It results in a kind of mind 
map in which all ingredients of the subject are connected. This process takes time and it is not always related to a conscious activity.

From 2011 to 2013 Miko Elwenspoek 
was the educational director of Elec-
trical Engineering. What I found most 
notable about this period of our history 
was the amount of (rapid) change. Eve-
rything was in flux, the first year stu-
dents were to get a “jaarzaal” and due 
to the upcoming (mandatory) TOM 
model, EE introduced modular edu-
cation for the first three study quarters 
as pilot. To get a feeling for what EE 
actually is and what all the chairs were 
up to, Miko Elwenspoek organised a 
very interesting symposium. All the re-
search topics were presented and one of 
the, for me surprising, conclusions was 
that research is often, if not always, in-
terdisciplinary. Miko Elwenspoek also 
experimented with different methods of 
getting students to work, which was not 
always to their liking as one can imagi-
ne. However, many lessons were learned 
and EE is definitely the better for it. We 
could always rely on him to react to the 
complaints of the students and he got to 
the bottom of the problem. On behave 
of Scintilla, I wish Miko Elwenspoek  a 
great and restful retirement, though I 
expect we have not seen the last of him 
yet. 

Rowan de Vries



1110 year 32
edition 2

year 32
edition 2

A race straight through the middle of the Australian desert, 3021 kilome-
ters, in 37 hours and 38 minutes spread across 4 days, averaging at almost 
80 km/h. Using only the sun’s energy. This is what Solar Team Twente did 
past October, ending up in third place out of 23 contestants.
But a lot happened before that. It took us over a year of preparation, as 
you have probably read before in the Vonk. Last time we wrote something 
here The Red Engine was just unveiled, and we had started testing. This 
doesn’t mean we were almost finished! As is common with testing, we 
found a lot of things that could be improved, and there were some things 
that weren’t quite finished yet during the unveiling of the car.

solartomsolartom

SolarTom
A race under the sun

Specifically for the electronics: The first 
tests with The Red Engine were also the first 
serious tests with the battery, and the brand 
new, self developed battery management 
system. This system monitors all battery 
voltages and currents, to prevent dangerous 
situations like a battery fire. It is also capable 
of automatically balancing out differences 
in charge between the battery cells. A com-
plex system like that never works the first 

time, and especially problems with EMC 
can be very time-consuming to find and fix.
Also, at the unveiling of The Red Engine, 
the car didn’t have any solar cells yet. Before 
we went to Australia in August the entire 
solar panel had to be laid. We received the 
solar panel in small squares of plastic with a 
couple of solar cells in each of them. Every 
single one of them had to be cut to exactly 
the right size, had wires soldered on to 

them, and be carefully taped on the solar 
panel. In total we have over a 1000 single 
solar cells on the car!

Most of the panel wiring had to be done 
while we were already in Australia. The race 
started in Darwin, in the north of Austra-
lia. We were there about 6 weeks before the 
race started, and the box with The Red En-

gine came in a week later. Darwin is located 
roughly 12 degrees below the equator. This 
means the average temperature was around 
32 degrees Celsius, and the humidity 
reached up to 70% at times. Doing physical 
work in that kind of weather is an… expe-
rience…

Darwin is very different from the Nether-
lands, not only in terms of weather. It is 
close to the sea, but the sea can’t be used to 
cool down. There are jellyfish, sharks and 

salt-water crocodiles that make swimming 
very dangerous. At the few places where you 
can safely go for a swim, you notice the sea 
water is very warm as well.
There is no such thing as summer or winter 
in Darwin, all they know is the dry season 
and the wet season. We arrived during the 
dry season. In 6 weeks time we only saw rain 
once! Bushfires are very common occur-
rence, and often just left to be. One bushfire 
that was close to the city was actually lit by 
the firefighters, for training.

And all this together is probably the rea-
son there are so few people living there. In 
Northern territory, a province spanning 
1500 kilometers there are three times less 
people as in Twente!
This complete desolation in some places 
was very noticeable during the actual race. 
I won’t tell too much about the race itself, 
the videos we made tell the story much bet-

ter than I can do here. You can find our race 
videos at www.solarteam.nl/media/. But it 
was a strange experience, driving through 
hundreds of kilometers without seeing any-
body else, farms that are probably larger 
than the Netherlands, a stunning amount 
of dead kangaroos and cows, and an awful 
lot of flies. I wouldn’t recommend anyone 
going there, unless you have an adrenaline-

fuelled race going on. It was an amazing 
experience I will never ever forget.

And after all of this, it was time for a 
well-earned holiday, cruising through 
Australia!
If you would like to go on a fantastic 
experience like this, send an email to 
info@solarteam.nl.
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internship

At some point everyone has to make the important decision: “Where am 
I going to do my internship?” For some this can be a difficult decision. Do 
I want to go abroad? Does it have to be at a small or a big company? What 
do I want to do? Well, for me the decision was not that hard. During my 
study I got interested in the art of RF design, so my internship must have 
something to do with that. I also wanted to see and experience how it was 
to work in a big company, and one of the biggest RF companies in the 
Netherlands is NXP. And that is where I went, but not to Eindhoven as 
you would probably expect, but to Nijmegen, to the PL RF Power & Base 
Stations department.

Unraveling the 
mysteries of the 
GaN model

My assignment at NPX is about improving 
the interconnect model of their gallium 
nitride transistors (GaN). In a chip the 
transistors are connected with each other 
via metal wires which have inductance, mu-
tual inductance and capacitive coupling to 
other wires. But also a single transistor cell 
has metal wires in it which connect their in 
and outputs to the active areas of the tran-
sistor e.g. the gate, source and drain. These 
wires also have resistance, inductance and 
capacitive coupling between them which 
influences the performance and behavior 
of the transistor. Because of the capacitance 
and inductance of the wires the transistor 
has a resonance at a certain frequency. The 
current model of NXP describes the be-
havior of the GaN transistor up to 4 GHz 
correctly, but after that the performance 
of the model decreases because the higher 
frequency behavior of the interconnect is 

Figure 1: GaN interconnect.

internship

not modeled accurately. And that is what I 
should improve.
But before you start improving something 
you should know what you are improving. 
GaN is an III/V direct band gap semicon-
ductor which is mostly known for its use in 
LEDs. Since a couple of years GaN is also 
used in RF power transistors because of 
its high breakdown voltage, high electron 
mobility and saturation velocity. GaN also 
has a larger band gap compared with silicon 
which means that it can withstand higher 
temperatures while maintaining the same 
performance.
The GaN transistor I am working with 
is a High Electron Mobility Transistor 
(HEMT) which means that it is build off 
two materials with different band gaps, 
which in this case are GaN and AlGaN. 
When these two materials are joined in a 
hetero structure a two dimensional electron 
gas (2DEG) is created at the interface be-
cause of the difference in band gap voltage 
off both materials. At the interface of the 
two materials there is a deep spiked quan-
tum well where there is also a large con-
duction band offset. This effect creates the 
2DEG which is conductive. Because of this 
effect the GaN transistor is conductive with 
a gate bias of 0V and should be negatively 
biased to be turned off.
The first two weeks of my internship I spend 
mostly on acquiring information about 
GaN and figuring out what the current per-
formance of the model was and how it wor-
ked. And during this time of acquiring the 
information I met lots of new people. Wit-

Figure 2: Improved interconnect model

hin the BL-RF power department everyone 
has its own specialty and task. You have the 
modeling group, developers, technology 
guys and principal scientists. Sometimes 
getting the information felt like a treasure 
hunt, and who does not like treasure hunts?
The GaN model of NXP consists off a core 
model that describes the active materials 
of the GaN transistor and a model for the 
interconnect itself. When I started my as-
signment the interconnect model included 
the resistance of the fingers, their mutual 
inductance and their self-inductance. The 
only component missing in this schematic 
was the capacitor. Figure 1 shows the inter-
connect of the GaN transistor. The squares 
on the left are the contacts of the source, the 
one in the middle at the left side is the gate 
and the right square is the drain contact. In 
this structure there are metal bars in paral-

lel with each other and there are also air 
bridges which both form capacitors. These 
capacitors cannot be described by the nor-
mal parallel plate formula since the width 
and separations of the plates are in the same 
order and thus the fringe capacitance (elec-
tric field on the outside of the plates) is not 
negligible anymore.  When the fringe capa-

citors are included in the model the final 
interconnect is as shown in figure 2. The ca-
pacitors are placed after the resistance and 
inductance because they are closely “con-
nected” to the effective areas of the transis-
tor. There is one extra capacitor at the input 
which models the air bridge between gate 
and source.
The first test to see if the model is improved 
is doing a small signal simulation. This test 
is done with different biases and operating 
frequencies to see if the model is valid over 
a larger operating range. Two results of this 
simulation are shown in figure 3. The upper 
graph shows the feedback capacitance at Vg 
= -1.5V and Vd = 10V while the lower one 
has the same gate bias but a Vd = 10V. The 
red and cyan lines are measurements, and 
the green and blue ones are two different 
core models. We see that in the first case the 
green line corresponds to the measurement, 
and in the other case the blue one does. 
Here we see that the behavior of the core 
model depends strongly on the bias since in 
one case the blue line fits the measurements 
better, and in the other case the green one 
does. From measurements and simulation it 
became clear that to improve the model the 
bias dependence of the core model should 
be improved. Unfortunately this is a pro-
blem that is deeply embedded in the core 
model.
The second test was a load pull simulation. 
Load pull is a large signal technique fre-
quently used in RF and microwave transis-
tor designs. In load pull the load impedan-
ces is varied, and the performance of the 

Figure 3: Results of the small signal simulation
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transistor is measured. This load pull results 
in contours on the smith chart which give 
you the load impedance for the maximum 
output power or efficiency. From the simu-
lation you can also derive the input impe-
dance, power added efficiency (PAE) and 
gain.

Figure 4: Results of the simulation for the output power

The results for the output power are shown 
in figure 4. The measurements show that 
the output power should remain flat over 
frequency, but the new model shows a de-
crease of power over frequency. After trying 
some things we found out that when we 
made the transistor isothermal the output 

power would also be flat over frequency. 
Then we set the most important thermal 
dependent components in the core model 
to isothermal one by one. This resulted in 
the conclusion that the velocity saturating 
resistor which models the velocity saturati-
on of the electrons was the most important 
cause of the power drop. With the velocity 
saturating resistor in isothermal mode the 
output power is almost flat over frequency. 
The drop is probably caused by a drop of 
input power, but at the time of writing this 
still has to be investigated further.
In the end I am quite satisfied with the re-
sults of my internship, both in the results of 
my work and my experience in the compa-
ny. Because my assignment included many 
aspects, from the core model to the layout 
of the real device, I met lots of new people. 
There are still a lot of things that can be im-
proved in the model, but I think a big step 
was made. Finally I want to thank my colle-
agues for their help and support during my 
stay. Because of them I can look back at a 
great time at NXP.

50
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Wireless technologies are rapidly evolving. Today we are happy with the 
third generation cellular technology (3G), but mobile operators already 
prepare us for the next goody on the market; Long Term Evolution (LTE). 
The major telecom operators in the Netherlands now offer LTE which 
tops at 300Mb/s and 75Mb/s for downloading and uploading respecti-
vely.  But that’s not all, ‘LTE on steroids’ (LTE Advanced) shall soon make 
its entrance on the market. LTE Advanced will allow for download rates 
up to 3Gb/s and upload rates up to 1.5Gb/s. That makes LTE Advanced 
the next treat to temporarily satisfy our everlasting hunger for more band-
width.

2G, 3G, 4G … 5G?
Prepare for the next generation...

You may wonder whether we need all this 
bandwidth. Good question! History and 
forecasts may shed some light on this. In 
recent years our mobile data usage already 
grew with approximately 70% per year and 
that will continue at least till 2017 which 
accounts for a 13-fold increase in mobile 
data usage during the years 2012 and 2017. 
In 2017, monthly Internet traffic in North 
America will generate 7 billion DVD’s 
worth of traffic, equalling 26.3 exabytes per 
month [1]. Wired devices will then account 

for 45 percent of IP traffic, while Wi-Fi and 
mobile devices will account for 55 percent 
of IP traffic.
To address this huge demand for band-
width, academics, companies and standar-
disation committees are currently inves-
tigating which technologies will enable 
our future fifth-generation (5G) cellular 
systems. What is certain is that 5G will 
be a mixture of wireless technologies allo-
wing more devices to communicate, higher 
throughputs, lower energy consumption 

(dependent on the mode of operation), lo-
wer latency and a higher reliability. 5G will 
include technologies using multi-antenna 
transceivers, millimetre-wave communi-
cations and cognitive radio aspects. These 
technologies should optimize the usage of 
two of our scarce resources; spectrum and 
energy.

Saving an invisible resource

At the Computer Architectures for Em-
bedded Systems group of professor Gerard 
Smit we are working on spectrum-efficient 
waveforms for wireless communications. In 
particular we are reinvestigating the signal 
basis for wireless transceivers. From the mo-
ment Abraham Graham Bell patented mul-
ti-carrier communications, communication 
systems have heavily relied upon the modu-
lation of (co)sinusoidal waveforms. His pa-
tent from 1873 already explained the basic 
idea of multi-carrier communications based 
on summing modulated (co)sinusoidal wa-
veforms [2]. Two pictures from the patent 
are shown in Figure 1. It has proven to work  
very well and nowadays many wireless 
standards and devices make use of (co)si-
nusoidal waveforms for the transmission of 

Figure 1: Figures from U.S. patent no. 174.465, filed by A.G. Bell (back in 1873!), explaining 
the idea of multi-carrier communications [2]. Waves A and B of different frequency are sum-
med to A + B (left), sent over one single line, and excite a response in receiver A and receiver B 
tuned for waves of frequency A and B, respectively (right).

CAES
Computer Architecture for 

Embedded Systems
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[4] C. W. Korevaar, P. T. de Boer, A. B. J. Kokkeler, and G. J. M. Smit, “Peak-to-Average Power Reduction by Rotation of the Time-Frequency Representation”, 
Global Communications Conference (GLOBECOM 2013), pp. 1–6, Atlanta, USA, 2013.

Figure 5: Schematic overview of the wireless transmitter and receiver performing time-fre-
quency rotations to lower the PAPR. The ‘TF Rotation’ blocks rotate the time-frequency pre-
sentation by different angles. The time-frequency rotated representation exhibiting the lowest 
PAPR is selected for transmission. At the receiver the time-frequency rotation is compensated 
by a rotation with α.

4. By rotating the time-frequency plane we 
do not change the information, but intuiti-
vely move the peak powers (which manifest 
themselves over the t-axis) to the frequency 
domain.
In general, the more angles α we try, the 
more drastically the peak powers are redu-
ced. The price for the peak-power reduction 
is some overhead (for transmitting the an-
gle α) and increased complexity. An itera-

tive method (only rotate when necessary) is 
future work and could strongly reduce the 
overhead and computational complexity.
The results are good and very promising and 
have been published last month in Atlanta 
on the Global Communications Confe-
rence [4]. 
A rough overview of the transmitter and 
receiver applying the principle of time-fre-
quency rotations is shown in Figure 5. The 
signals s0(t) ... sK-1(t) are modulated by A0 
... Ak according to the modulation scheme 
chosen. Note that the information is en-
capsulated in these modulation factors. The 
modulated signals s0(t) ... sK-1(t) are summed 
to form a symbol and are converted to the 
analog domain by an ADC, mixed to the 

radiofrequency, amplified and transmitted. 
At the receiver-side, the signal is received, 
amplified, mixed to baseband, converted 
to the digital domain and finally compared 
with the basis s0(t) ... sK-1(t) to recover the 
information encapsulated in A0 ... Ak.
Now, the crucial difference – to lower the 
peak powers in the signal – is the rotation of 
the baseband transmit signal. Each symbol 
is rotated in time-frequency for different 
angles and the variant exhibiting the lowest 
peak power is used for transmission. As a 
side-note, the corner α needs to be trans-
mitted as well. When the receiver knows 
α it can invert the time-frequency rotation 
prior to the demodulation process in which 
the information is recovered.

digital-to-analog converters which need 
a high resolution and the power amplifier 
needs to be able to generate the peak po-
wers (which is consuming a lot of energy!). 
This leads to a high power consumption in 
wireless transceivers! Therefore a lot of re-
search is dedicated to limiting the peak po-
wers in communication systems.

Concluding words

More than 130 years of research on apply-
ing Fourier basis signals in communications 
has been very fruitful. It brought us four ge-
nerations of mobile communications. Ho-

wever, we also discussed some of the asso-
ciated problems – spectral leakage reducing 
the spectrum-efficiency and the peak po-
wers (in multi-carrier communications) lo-
wering the battery lifetime. We introduced 
Hermite functions as an alternative signal 
basis for communications, having a better 
performance in terms of spectral leakage. 
In addition, we discussed a new intuitive 
method using time-frequency rotations to 
reduce the energy consumption in wireless 
transceivers. We regard Hermite functions 
(and derived signal bases) promising for the 
communication systems of tomorrow. It 

might take another generation, but Hermi-
te functions and the research we are doing 
may eventually allow us to communicate 
more efficiently in terms of spectrum and/
or energy, in particular in multi-user sce-
narios. With more users, more connected 
devices and an explosive data growth, it is 
likely that 5G will only temporarily satisfy 
our hunger for more bandwidth. It will be 
matter of time before we are in need of so-
mething newer, better, faster! - It will take a 
young, bright mind like you to step up, re-
visit classical thoughts and enable the next 
generation!

Figure 4: Intensity plot of the time-frequency 
representation (based on the Wigner dis-
tribution function) for a set of 64 Hermite 
functions, 64-QAM modulated. The angle 
α with the time-axis indicates a certain 
rotation of the time-frequency representation 
to potentially lower the peak powers. The 
peak-power are analysed for varying α in 
the range [0, π). The rotated time-frequency 
presentation giving the lowest peak powers is 
used for transmission.

We have recently worked on a technique to 
reduce peak powers in wireless transceivers. 
The basic principle can be understood by 
looking at Figure 3. We have plotted two 
extremes from a peak-power perspective. 
The first signal is the delta pulse which has 
a time-presentation which has a sharp peak 
and a frequency presentation which is ap-
proximately flat. The second signal is a con-
stant signal in time which has a frequency 
representation which is sharply peaked. The 
first signal is characterized by a high peak 
power whereas the second signal is perfect 
as it has a constant (low) power. Our basic 
strategy for reducing peak powers is to in-
terchange the time and frequency presen-
tations and use one bit of additional infor-
mation to tell the receiver whether the time 
or the frequency presentation was actually 

sent.
Time and frequency presentations are just 
one-dimensional presentations of a signal. 
Mozart and other musicians are not using 
just the time or the frequency behaviour of 
a signal. They use two-dimensional time-
frequency descriptions of signals, i.e. mu-
sical notes. In a similar fashion we can use 
time-frequency presentations to describe 
communication signals. In Figure 4 such a 
time-frequency presentation – by means of 
the so-called Wigner distribution function 
– is shown for a transmit signal. 
Recall that our simple solution for lowering 
the peak powers is to interchange the time 
and frequency representations of a trans-
mit signal. A more sophisticated approach 
is to allow rotations of the time-frequency 
presentation by corner α as shown in Figure 

Peak-power reduction by rotation of the time-frequency presentation

Figure 3: The highest peak power (in time) is 
associated with the lowest peak spectral power 
(in frequency), and vice versa. For the delta 
pulse, swapping the time and frequency in-
formation (a rotation of the time-frequency 
presentation by 90 degrees), lowers the PAPR 
dramatically.

information. However, you may know that 
time-limiting (co)sinusoidal signals – as we 
do in communication systems – leads to a 
frequency representation which is sinc-sha-
ped. This is referred to as spectral leakage. 
Spectral leakage is causing interference to 
other spectrum-users and can be considered 
as wasting the spectrum. It is also a waste of 
money as mobile operators did pay billions 
of euros for spectrum licenses in spectrum 
auctions. E.g. Dutch mobile operators paid 
3.8 billion euro in a recent spectrum-aucti-
on to obtain spectrum-licenses.

The main aim of spectrum-efficient com-
munications is to squeeze as many signals 
(which can be carrying information) in a 
given amount of time and bandwidth. If we 

Figure 2 Illustration of the time and frequency presentations of Hermite functions.

do the math and we constrain our signals 
to minimize the amount of interference 
to other spectrum users, then we arrive at 
a set of signals called Hermite functions 
[3].  The time- and frequency presentation 
of Hermite basis signals is shown in Figure 
2. Hermite functions have an equal time 
and frequency representation (except for 
a phase change).  The zero-order Hermite 
function is the Gaussian pulse (dashed line 
in Figure 2) and higher order Hermite func-
tions oscillate more often. The order of the 
Hermite function is equal to the number of 
zero-crossings and higher order Hermite 
functions tend to behave more outside the 
active band in contrast to Fourier basis sig-
nals which have a frequency representation 
which decays by 1/f. This leads to the main 

advantage of  Hermite functions compared 
to Fourier basis signals; they cause less spec-
tral leakage to other spectrum-users and 
thereby allow for a more efficient usage of 
the radio spectrum.

Increasing battery lifetime

Another problem troubling academics and 
engineers in the wireless world is the pro-
blem of peak powers. Transmit signals ge-
nerated in wireless transmitters – slightly 
dependent on the type of signals and mo-
dulation scheme chosen – can exhibit high 
peak powers. These peak powers lead to 
demanding requirements on the dynamic 
range of the wireless transceiver compo-
nents, e.g. it leads to analog-to-digital and 
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Suddenly it had happened, on a faithful day in July I became a Master of 
Science and I had to say goodbye to my life as a student. I celebrated this 
event with a big graduation drink with some very memorable presenta-
tions. To be honest I really enjoyed my student time and I would have en-
joyed it for some more time if I hadn’t graduated, but after almost exactly 
seven years it was also time for something new!

The path of a newborn civilian

afterlifeafterlife

Afterlife

Luckily I did not need to think about the 
normal first big question that you would ask 
yourself: What now? I had already found a 
job at Shell as a Process Control Technolo-
gist thus I could immediately make plans 
for my new stage as a working and taxpaying 
civilian. When I was looking for an intern-
ship I wanted to go to a foreign country, in 
the end I succeeded in finding a spot at a 
university in Australia. You can find a des-
cription of my time there in some other past 
Vonk. But since Shell is a big international 
company I also sent my resume to Shell. I 
had to go through some solicitation rounds 
but as soon as it became clear that they only 

gave internships in the Netherlands I didn’t 
pay it much attention anymore. Shell stayed 
in contact and after coming back from my 
trip to Australia I was invited for a Shell 
Recruitment Day and got a job offered. Af-
ter going down to the site and visiting my 
future colleagues I accepted and was in the 
luxurious position to have a job at the same 
time I started my master thesis.

The next step after graduation was of course 
to go on holiday! I had still one and a half 
months of time left before I needed to start 
at Shell. So I got in the car with Laurie with 
our camping equipment and we drove sou-

th to France where we found a nice camping 
next to a lake where we stayed for two weeks 
and where we could recover from the past 
year of studies.

In the meantime I couldn’t completely do 
nothing since I had to move for my new job. 
My contract was to start working in Moer-
dijk, the chemical plant of Shell, which lies 
between Rotterdam and Breda. Before I 
graduated we already explored the Moer-
dijk area and came to the conclusion that 
the only viable options were Rotterdam, 
Dordrecht or Breda. Klundert was also an 
option if I wanted to be able to cycle to my 
work but then my only neighbours would 
probably be two farmers and a horse… In 
the end Breda looked as the cosiest city to 
me so I decided to settle over there.

After I got back from my holiday the search 
for an apartment really started. This resul-
ted in one day in Breda where we visited 14 
different apartments on the same day. Luc-
kily there was a nice one between all those 
and I was the first to have had a look at it. 
After some debating about the contract I 
was ready to move in a week before work 
started. This gave me some time to move my 
stuff buy some necessary furniture and just 
settle in.

Then the long awaited moment came 
around and I became a true civilian on the 
second of September. My job is to maintain 

and improve the baselayer control (the “sim-
ple” control loops with for example PID 
controllers), the development and mainte-
nance of advanced process control (making 
models of parts of the plant and designing 
an optimizing controller) and day-to-day 
support to operations (the guys actually 
pushing all the buttons in the plant). I am 
responsible for the furnaces and quench 
section of the ethylene cracker, thus where 
the naphta comes in and the mixture of hy-
drocarbons comes out.

The first day and actually the first month 
were mostly just getting to know a whole 
lot of people, shaking hands and so on. One 
of the coolest things was that I was allowed 
to walk in total ten days with all five shifts of 
operations. I got the chance to actually see 
what everything looks like, where the mea-
surement instruments are and just to look 
in a furnace for example. As an operator you 
are happy when it doesn’t rain, the plant is 
so huge that almost everything is outside.

But after the initial couple of days work 
started to become more serious and more 
and more responsibilities keep piling up. 
People understand you are new and need to 
learn stuff but a project is still your responsi-
bility and you have to make sure to learn re-
ally fast or ask other people for help. It doe-
sn’t matter how hard I studied, just walking 
around for the first couple of months at my 
new job made me feel very inexperienced. A 
feeling, that I am sure, many students that 
just graduated share.

I am happy that my job is not just sitting in 
some cubicle all day. I actually have an of-
fice with a nice view which I share with one 
other experienced colleague. A lot of time 
is spend with meetings and making sure all 
stakeholders are up to date. I also spend qui-
te some time on my bicycle going back and 
forth between the office and the control 
room. The control room is where the action 
really happens and it often helps being close 
instead of working remote desktop. 

What the future will bring is still unknown 
but for the next four years I will probably 
just stay in Moerdijk and follow the gra-
duate program, two years working on the 
furnaces of the cracker and after that wor-
king for two years on another factory on 
the site. After that, who knows? Shell is a 
big multinational, so maybe a job in another 
country? It is all in the possibilities.

So all in all I am very happy with my after-
life, it is very busy but it is also very interes-
ting and I learn a lot while doing this job. 
But still I haven’t managed saying good-
bye to the student live completely yet. So 
there is a high chance you’ll see me around 
at Scintilla a couple of times a year. For 
example when there is an event like a cantus 
or the Christmas dinner or just on a normal 
day when I have taken a day off.
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Cantus

Wine tasting

Scinterklaas

Soccer

Christmas dinner
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bachelor assignment

For my bachelor assignment I went to the research group of Telecommu-
nication Engineering (TE) to get an assignment which I wanted to do. 
They had an assignment for me which was to make a simulator for Micro-
wave Photonic Filters in Labview.

bachelor assignment

A simulator for  
microwave  
photonic filters

Microwave photonic filters are filters for 
Radio-Frequent signals which make use of 
photonics to get filter characteristics in the 
electric domain. Filtering characteristics in 
the optic domain are different then in RF 
domain and are dependent on the modula-
tion and demodulation techniques used.
Microwave photonic filters can roughly be 
divided into three groups. The first of which 
is a type of filter that filters both sidebands 
in a similar fashion so that the result after 
recombination is straightforward; the RF-
filter response is the same as the optical 
filter response of one sideband, both side-
bands do not interfere with each other.
The second group consists of filters which 
have an optical response which is different 
in both sidebands. The RF response is not 
very straightforward because at recombi-
nation both sidebands interfere with each 
other.
The third group consists of optically assis-
ted electronic filters, which use the optical 
domain to create filter characteristics which 
are hard to create with just electronics (such 
as delay characteristics) or require reconfi-
gurability and tunability.

For filters from the first and third group 
there is no need for creating a simulator. In 
the first group the RF-transfer is the same as 
the optical transfer and the third group uses 
building blocks which do not include many 
optical filter elements. The second group 
has four variables which interfere with each 
other at recombination (the phase and am-
plitude transfer of the lower and upper side-
bands), therefore the simulator is needed to 
directly see the RF-transfer.

Setup

A common setup in microwave photonic 
filters consists of a laser, a RF source, a mo-
dulator, an optical filter and a demodulator.
The laser creates a carrier frequency which 
is to be modulated with the signal from the 
RF source.
The simplest modulator is a phase modu-
lator (PM), but by using two phase modu-
lators and a mach-zehnder interferometer 
(MZI) an intensity modulator (AM) can 
be build.
For the optical filter there are already mo-
dels in Labview, these models simulate the 

response of optical filter elements such as an 
optical ring resonator (ORR) and a MZI.
The demodulator is an photodetector 
which has a linear relation between intensi-
ty and current. An AM signal can therefore 
be directly converted into current, while a 
PM signal cannot.

Phase modulator

As I said the phase modulator is the sim-
plest, there are materials which change 
the internal speed electro magnetic waves 
depending on the external electric field, 
resulting in a little phase offset. This effect 
can be reduced to the parameter Vπ which 
represents the voltage that results in a phase 
shift of π.
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It is important to note that V(t) is an arbi-
trary time dependent signal corresponding 
to the voltage created at the RF source.
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In the simulator the inputs are in frequency 
domain while in the equation both inputs 
and the output are in time-domain. The 
problem is that the equation cannot be 
transferred into frequency domain very 
easily and that is where a Maclaurin series 
comes into sight.

The Maclaurin series converts the exponen-
tial into a polynomial which can be used 
in the frequency domain. Due to the finite 
number of orders (#O) there is some loss of 
information. The bigger the applied phase 
shift the higher number of orders needed 
for the simulator to give a good description 
of the system. In the case of small amplitu-
de, orders higher than one can be neglected 
and we have modulated the signal to the 
carrier frequency with both a lower and an 
upper sideband (which can be filtered ac-
cordingly).

Direct detector

A direct detector is just a photodetector. 
The photodetector has a linear relation 
between the intensity and the output cur-
rent. The intensity can be calculated with 
the square of the electric field, this results, 
of course, in a convolution of the input elec-
tric field.

And we are back in the electric domain.

Optical filter

To demonstrate the simulator a filter con-
sisting of two optical ring resonators is cre-
ated. The setup now has a phase modulator 
with a flat electric input spectrum, the opti-
cal filter and a direct detector. When no fil-
ter is applied this setup should not generate 
any results since phase modulation does not 
induce differences in the intensity of the 
signal. In the simulator this also comes out 
of the calculations. In the lower and upper 
sidebands there are parts of the signal which 
have destructive interference at recombina-
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tion because they are out of phase.
Now the task for the filter of two optical 
ring resonators is to shift the sidebands 
into phase, generating a bandpass response 
at a tunable frequency. A simplified phase 
modulated signal of a single frequency and 
ignoring orders higher than one is worked 
out in equation 5.
Equation 6 shows the result, due to the 
ignoring of higher orders there are some 
terms left, but trust me, in the fact that they 
will disappear with increasing orders. These 
terms can therefore be neglected and we 
have no interest in these.

Now we use the optical filter to generate a 
phase shift of pi/2 with respect to the car-
rier frequency, see equation 7.
And we filter the DC and double frequency 
terms.
So when applying the filter we get the same 
signal as we had put into the system.

Figure 1

Equation 5

Equation 7

Results
This result was only for a single frequency, 
to apply this filter to a modulated signal 
consisting of many frequencies the simula-
tor is used. Also the out-of-the-blue phase 
shift is replaced with a filter of two optical 
ring resonators. Now the system is put to 
the test, the results can be seen in Figure 1.
The test was repeated in the laboratory and 
these results are also visible in Figure 1. Dot-
ted lines are simulated and solid lines are 
results from the laboratory. The tunability 
is shown by shifting the centre frequency of 
the optical ring resonators.
The results show that the simulator creates 
an output that is approximately the same as 
the output we’ve got from the laboratory. I 
am happy with this result and if you want 
to get more information please contact me.

TELECOMMUNICATION
ENGINEERING

Equation 1 and Equation 2

Equation 3

Equation 4

Equation 6

Equation 8
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Tic-tac-toe

Do you consider the hobby projects featured in the Vonk a little bit too 
complicated sometimes? I do, so here is a beginner’s project. I’m not a real 
electrical DIY genius, but a while ago I had a very nice idea for a project. 
Only, this idea is very elaborate.
The problem was, that in my opinion, projects which are too difficult for 
a given person’s skill level are hard to finish. How many projects do we see 
which are unfinished? Mostly, the cause is frustration or boredom (be-
cause we don’t get things done). So for this one, I set out to keep things as 
easy as possible. If I would still be enthusiastic after the simple project was 
finished, I could always expand it.

(For people who are interested in what my 
elaborate idea is. It is a Nintendo Game & 
Watch game, which is controlled with a mi-
crocontroller. The output would be LED’s 
mounted in cardboard, instead of the LCD 
screen of a G&W system. This is also the 
way Nintendo R&D created these games 
back in the day.)
I decided to make an electronic game, with 
buttons as user input, and LED’s as user 
output. Now, of course, hundreds of ideas 
were possible, but I chose tic-tac-toe (which 
in retrospect is not the simplest game one 
could think of, “a press the button when the 
light is the right color” game would be way 
easier!).

Code

To begin with, I created some code in C. I 
did this using textual output on the screen 
of my pc. When the code was ready, one 
could play versus another human player, or 
versus the computer. To keep things simple, 
all the computer does is find an empty spot 
on the field and place its mark there. The 
code is very simple, and I think everyone 
who passed the first year’s programming 
course should be able to work a code like 
this out for themselves.

Schematic
Reading buttons
I have made a schematic after I finished this 
project, because in the near future, I wish to 
improve the project. But if you take a look 
at the image of the board which I build, you 
can see, it’s not a very difficult schematic. 
The buttons are all on one side connected 
to the +5V line. The other side is connected 
to an analog pin on the Arduino, through a 
resistor. Because the resistor values are dif-
ferent for each button, and because there is 
a resistor between the analog input pin and 
the ground, we have created a voltage divi-

der. It is a very simple way to read out 9 but-
tons, since we know that with normal usage, 
only one button will be pressed at a time.

Controlling the LED’s
Because there are two states for every positi-
on on the board, 18 LED’s are needed to be 
able to show all possible states of the board. 
The Arduino (which I have used) does not 
have 18 output pins, so the easiest solution 
was not possible. Instead, multiplexing was 
used. This reduced the amount of needed 
inputs from 18 to 9, which the Arduino 
does have.

Arduino

Because a microcontroller and the PC, 
which connects to it, both have to be con-
figured (which I don’t consider a very in-
tuitive or fun process), I decided to use an 
Arduino. Again, to keep things simple.
Since I already wrote my code in C, conver-
ting it to Arduino code was easy.
For easy prototyping, I used a breadboard 
to try out the configuration of the buttons 
and LED’s, and in the Arduino, I used this 
same configuration. Fun question: Do you 
think I thought out how my LED’s would 
be connected to the Arduino? No. In my 
Arduino code, I made a mapping of the but-

tons which I later changed to what it would 
be in reality. This saves a lot of time, because 
there are a lot of LED’s.
Then, for the buttons, one could calculate 
every expected analog input, by using the 
resistances and the precision of the internal 
AD converter. Of course, I did not do this. 
Arduino allows you to serially return ana-
log inputs. I pressed all buttons sequentially 
and wrote these down for all the buttons 
and put them into the code.

Power supply

A 9V battery was used as a power supply, 
along with a voltage regulator. The power 
supply is switched, so it can easily be tur-
ned off. A led on/off indicator was added 
for convenience. Also, a switch was used for 
switching if you want to play versus a com-
puter or a fellow human.

Reuse that Arduino!

I think it would be a shame to ‘waste’ an ex-
pensive 15 euro (borrowed) Arduino board 
when I could use a cheap 2 euro Atmega 

microcontroller. Not everyone seems to be 
aware of this solution: easy programming 
and prototyping with Arduino, and using 
cheap Atmega chips at the same time. 
If one programs the Atmega on the Ar-
duino board, and then removes it from the 
Arduino, it can be placed into a new circuit 
(add a clock, a power supply, and you’re 
there). You can reuse your Arduino for the 
next project.

Results
The game works! One can switch between 
playing versus the CPU or another human 
player. The game is powered by a battery, 
and does not waste an Arduino, yet it is still 
easily reprogrammed if necessary. 
My goal of this project was to actually com-
plete a small but fun project, and I think 
this goal has been achieved. 

Improvements

I know a lot of things are not as fancy as 
they could be. On purpose, but still it is fun 
to think about what could be improved.
Below a short list.

1.	 Use a (minimax) algorithm to make 
the computer more intelligent.

2.	 Charlieplex the LED’s reducing the 
amount of needed pins back further 
from 9 pins to 5.

3.	 Use dual color LED’s.
4.	 Use semitransparent button covers 

which slide over the LED’s and take 
the LED’s color.

5.	 Fit it in a box.
6.	 Print the circuit on a PCB.
7.	 Make the CPU/Human and On/Off 

switches easier to use.
8.	 Determine battery performance.
9.	 Power it with a 1.5V battery.

10.	 Add sound.
11.	 Add an online multiplayer mode.
12.	 Well, you got the idea… Go nuts!

I might expand this project, or make ano-
ther project one step closer to the bigger 
project I had in mind. I haven’t decided yet. 
But I had fun building this one! 

C-, Arduino- and 
Eagle files

If you are interested, you can download 
the C code, the Arduino code and the Ea-
gle board and schematic files from http://
tinyurl.com/o5whnye. But be warned, the 
code’s a mess!
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IEEE Project

At the end of the fist quarter our first year students faced their first big 
project, the introduction to Electrical Engineering and Electronics Pro-
ject. During this project the new first years have had a lot of interesting 
experiences, and we have asked a few of them to describe their experience.

“Tssssss”

The project of the first module was a very 
stressful time, especially for me a time filled 
with screens full of red letters. Victor and I 
were the first to try and establish a live con-
nection with Matlab. After a lot of struggle 
and help from TimB, everything was under-
stood and working as wanted, so we could 
explain things quick and easy to the other 
EE boys. 
After a while every sensor worked on its 
breadboard. There was so little time left that 
I had to do a lot of soldering at home. But 
the soldering iron had no station, so the hot 
thing was lying on my desk, burning a note-
book here and there. I came up with the 
clever solution of laying it on the ground 
where it coudn’t touch anything. 
I went to the bathroom and had some small 

talk with my neighbour, when I walked 
back to the desk I suddenly heard; “Tssssss” 
followed by my own loud scream. I ran to 
the bathroom which was locked so without 
much thought, I put my foot in the toilet 
and flushed.  But there was a chill sink so 
I continued cooling in there. After this my 
drunk flatmate came by to laugh his face off. 
So now people know why I walked like a 
cripple the following week. My sacrifice was 
however for nothing since only have of  the-
final soldered stuff worked. 

The moral of the story is, if you don’t have a 
soldering station, buy one, at the STORES 
of course.

Which is exactly what I did the following 
day ;P 

MatCom Crashes

At the end of the first quartile, the first year 
students had to do their first project. We 
had to design a sensor pack which would 
measure 4 parameters of the human body. 
My group had the sports package, so we had 
to measure heart-rate, temperature, sweat-
rate and step-rate. After creating a project 
plan, the first day went as planned. I had 
to do most of the programming in Matlab, 
and after the first day I had figured out how 
I would have to use the provided MatCom 
protocol, and could start on the code for de-
tecting the pulses from the heart rate sensor.
 
When doing this, it turned out the provi-
ded protocol wasn’t really good. Matlab 
would crash at least 4 times an hour, which 
turned out to be because my laptop’s power 
plan was set to balanced. My pc didn’t have 
enough processing power in this mode, 
which MatCom didn’t anticipate. After 20 
crashes, I found out the problem. This made 
coding a lot nicer experience. 

After a lot of coding, I had a program 
which should have detected the peaks, but 
I couldn’t test this piece of software, since 
the heartbeat sensor itself wasn’t done yet. 
Major flaw in our project plan! The next 
2 days I helped Gert-Jan with creating the 
heartbeat sensor, and after these days we 
had it working on the breadboard. The 
other members of the team were done with 
the step and sweatrate sensors, and I took 
the task of soldering upon me. This took 

an entire day, but at 4 o’clock it was all wor-
king, without having to resolder anything!

During my soldering-time the rest of the 
team had done a lot on the report, so we 
wouldn’t have to do much anymore on 
Thursday. On Thursday I put together all 
pieces of software, and polished it all up 
a bit. This meant it was time to go to the 
Vestingbar, and celebrate the fact that it all 
worked. After a nice evening, we had to be 
up early again, and finish up the presentati-
on. It all went well, and everything worked 
as it did the day before, which couldn’t be 
said by everyone. This was a nice start of the 
weekend.

Stitches
We are Boi Okken, Petra Kuipers and Ro-
bert Visscher. Our final project consisted 
of designing a ‘baby monitor’ . Four sensors 
were used to measure the babies vital signs, 
these are: the heart rate, the body tempera-
ture, crying sensor and the wet diaper alert. 

The heart rate was measured with the use of 
a IR reflection sensor(CNY70). This whole 
system was amplified and filtered with ana-
log circuitry  and the result was transmitted 
to the PC with AVR microcontroller. It was 
processed on the PC using Matlab.

The body temperature was measured with 
an NTC op-amp circuit and then ampli-
fied with a difference amplifier. If the baby 
pissed itself, this would be detected with 
an embedded copper strip in the diaper.  
When this strip is wetted, the output of an 
comparator outputs a logic high.

Last but not least a microphone was used to 
detect a baby crying.  Because a babies cry is 
between 3 and 6 kHz, the signal from the 
microphone needs to be filtered. Instead of 
processing this filtered signal in matlab or 
the microprocessor like most groups, we de-
cided to process it with analog circuits. This 
is done with an analog peak detector.

The whole sensor package needs to be inte-
grated in a nice package which looks friend-
ly to babies, so we created the ‘terminator 
cow’ a.k.a. ‘Stitches’.
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The Race

green team

The car has already taken a large step for-
ward. Last year’s team made a new body 
with an internal rib structure which made 
the car not only stronger but also reduced 
the weight. 
Also on the electronics, developments are 
made. The motor is no longer controlled 
by a block signal but by a ‘sensor less’ motor 
controller which uses a sinus wave. This mo-
tor is specially designed for in-wheel use at 
the conditions of the eco-marathon.
Also a CAN-network of micro controllers 
is put up. This network makes sure that the 
signals are available all over the car without 
the use of a lot of wires. This also opens up 
the possibility of analyzing the data produ-
ced by the network, which is very useful for 
the driving strategy.

green team

Green Team 
Twente
Find out how hydrogen drives your future!

Green Team Twente believes in a sustainable future in mobility by using 
hydrogen as alternative fuel. But what is Green Team Twente and what do 
they do?
Green Team Twente is a team of students from the University of Twente 
that develop and build a hydrogen car for participation in the Shell Eco-
marathon. This way, the teams demonstrate what is already possible when 
driving efficiently on hydrogen. This year’s team consists of 2 mechanical 
engineers, 7 electrical engineers, 1 chemical engineer and 1 health scien-
ces student. With this multidisciplinary team they hope to end in the top 
three again, but also they hope to promote this project amongst students.

The Shell Eco-mara-
thon

The Shell Eco-marathon (SEM) is a race in 
which the goal is not driving as fast as pos-
sible but driving the most efficient. Around 
3000 students, divided over 200 teams from 
all over Europe take part in the competition 
which takes place in Ahoy, Rotterdam, 15-
18 May 2014. This event is open to every-
body and also includes the Shell Energy lab, 
an interactive exposition on the future of 
energy. 
The Green Team Twente participates in the 
Urban Concept class. This means that the 
car has to look like a real car. In practice this 
means having 4 wheels, mirrors, windscreen 
wipers and space for luggage. 
The team participates since 2012 and al-
ready received the gold and bronze medal 
in the Urban Concept class. To compare 
the results of different fuel categories, the 
amount of used hydrogen is converted into 

liters of euro 95 gasoline based on energy 
content. Last year this resulted in an effici-
ency of 1 liter gasoline on 755 kilometers. 

The UTmotive
The Shell Eco-marathon of 2013 wasn’t one 
without difficulties. Already at a test ride, 
a part of the front wheel suspension broke 
apart and the electronics had delay because 
the 8-bit microcontroller couldn’t process 
the large amount of data. After these pro-
blems where fixed, the car was 2 minutes 
late at the finish resulting in a non-valid 
result. In the eco-marathon the minimum 
average speed is set at 25 km/h, otherwise 
everyone would drive even slower in order 
to reach a higher fuel efficiency. This pro-
blem was due the Hall sensors in the mo-
tor, which weren’t placed at the right spot. 
Because of that, the motor controller was 
not efficiently controlling the motor. The 
created loss of time had to be compensated 
by driving faster, which has a negative effect 
on the fuel efficiency. The solution for this 
problem couldn’t be found in a short period 
of time. Therefore, the team decided to use 
the motor controller of 2012. After all, a 

race had to be driven!
At the second attempt, the day after, luck 
wasn’t on their side. After a ride of 8 rounds 
the fuel cell, which turns the hydrogen into 
electricity, stopped. This meant the end of 
the attempt. After analyzing, it was seen 
that by accelerating and braking, pressure 
fluctuations in the fuel system occurred. Be-
cause of these fluctuations the safety system 
of the fuel cell turned the fuel cell off.  The 
team by-passed this problem by placing a 
switch on the dashboard so the driver could 
turn the fuel cell back on when necessary. A 
new attempt was made, resulting in an ef-
ficiency of 1 liter on 561 kilometers.
Further analysis made clear that the com-
bination of the new controller and the old 
motor would deliver the best result. This 
was the last possibility to set a result and the 

team was determined to do so. The whole 
night the team worked to get the system in 
place. The driver was the only one who slept 
that night. Eventually the car was ready 
and tested on time. After 10 nerve-racking 
rounds the results were positive given the 
situation. The team reached the 3rd place 
with an equivalent efficiency of 1 liter at 
755 kilometers! Not the result that was ho-
ped for, but better than in 2012. 

Green Team Twente 
2014

As experience has taught, a large step can be 
made when the car is controlled in the right 
way. This year’s team will focus on testing 

the different parts of the car in order to have 
a better understanding of the things that 
have gone wrong. With this information a 
model of the system will be developed. This 
is very useful to determine the ideal speed 
in order to reach the highest possible effi-
ciency. The automatic pilot shall be imple-
mented further to make sure the ideal speed 
is driven. This has to bring us again in the 
top three teams! Besides this, the car will be 
made ready to drive on the public roads! In 
this way, the team hopes to make the state-
ment that the cars of the future are already 
closer than you think. Also the team wants 
to give a greater publicity to this project. 
It turns out a lot of students aren’t aware 
of this challenging and multidisciplinary 
project in which, besides the technical part, 
also the management side plays a large role. 
Are you interested in working in a project 
like this, or are you just interested in the 
developments of the team? Like us on face-
book (facebook.com/greenteamtwente) or 
look at our site (greenteamtwente.nl) for 
more information.

Important Data

16 January 2014: 	 SEM Kick-off
28 March 2014: 	 unveiling of the new 	
		  UTmotive
14/18 May 2014: 	 SEM race in Ahoy, 	
		  Rotterdam
27 May 2014: 	 Report of the race
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Puppet	
Automating your configuration

Puppet is a so called configuration manage-
ment tool, a program able to manage con-
figuration files, services and other resources 
on a Linux or windows installation. Puppet 
consists of two parts, a puppet agent, instal-
led on every server that you want to manage 
and a puppet master, a central server to ma-
nage all these servers.

The Puppet agent is the main component 
on the individual clients. The task of the 
Puppet client is to interpret the manifest. 
It ensures that the server is in the state des-
cribed in the manifest. The puppet client is 
able to request a manifest periodically from 
a central puppet master or you can feed it 
manifests directly. Of course it would not 
make much sense to manage ten or more 
servers by feeding each server the manifest 
manually each time it needs to be updated. 
This is where the Puppet master enters the 

stage.

The central Puppet server (or puppet mas-
ter) contains a catalog of all the resources 
an agent needs. Depending on which server 
requests a manifest, the puppet server crea-
tes a ready to apply manifest from the whole 
catalog for the specific host. Thus in normal 
operation the puppet master contains all 

the instructions for all servers.
All these instructions are described in pup-
pets own language. Puppet uses a declarative 
language for this, this means that you don’t 

have to tell puppet what or how it has to 
do things, only what the result should look 
like. Puppet will make sure that it happens. 
This ensures that a system administrator 
doesn’t have to spend time telling puppet 
how to do things only how he wants it to be.

Most of the time, when a configuration file 
is changed, you also want it to be loaded 
in the service that uses that file. Puppet is 
also able to do this, it does not only manage 
configuration files, it is also able to restart 
the services depending on these configura-
tion files. For example if it needs to change 
the apache configuration, it is able to restart 
the apache server after the required changes 
have been made.

So how does puppet do all this? It all starts 
with a puppet master. A central server 
which contains the manifests of the hosts 
it serves. We have only one place where we 
have to declare resources. Resources can be 
almost anything. Files, user accounts, soft-
ware packages, services that should be run-
ning, or even a random script installed on 
that server. For example, if we want a <in-
sert random file here> to be on a server, we 
tell the puppet master that that specific file 
needs to be on that server. Let’s say we want 
our very special test file to be on that server:

file {‘testfile’:

  path    => ‘/tmp/testfile’,

  ensure  => present,

  mode    => 0640,

 content => “I’m a test file.”,

}

This little piece of code is enough. It tells 
Puppet: where the file should be, that 
should be present on the machine, which 
permissions it should have and what con-
tent the file should have. This basic defi-
nition is enough to create a file. Either the 
puppet master contains this resource for a 
host in the catalog, or we can apply it once 
manually on a host by directly using the 
Puppet agent.

Of course different resources have diffe-
rent attributes. A file has a mode (permis-
sions) and a content, a service has a setting 
whether it needs to be running or not. Ano-
ther example, this time lets say we want to 
maintain the configuration file for our se-
cure shell daemon.

file { ‘/etc/ssh/sshd_config’:

  ensure => file,

  mode   => 600,

  source => ‘/etc/puppet/files/

sshd_config’,

}

service { ‘sshd’:

  ensure     => running,

  enable     => true,

  subscribe  => File[‘/etc/ssh/

sshd_config’],

}

The first bit is again a file resource. This 
time we specify a source for what the con-
tent should be. This way we don’t have to 
write out our complex configuration file 
between bits of puppet code. Furthermore 

we created a service type resource. This way 
we tell puppet we want the secure shell dae-

mon to be running. The little bit of magic 
here is the subscribe attribute. By subscri-
bing to the configuration file we tell puppet 
that when that file changes, the ssh daemon 
should be restarted, effectively reloading 
the configuration file.
So now if we change the configuration of 
the ssh daemon, the next time puppet ap-
plies the manifest it will notice that the 
current configuration and what it should 
be don’t match up. It will reapply the spe-
cified configuration file and restart the ssh 
daemon, rolling back all changes somebody 
made manually to the file. At last we might 
add another resource, one to specify that 
the ssh daemon should be installed on the 
server. Puppet will then automatically in-
stall that package on the server should it be 
missing.

These small bits of puppet language can be 
brought together to manage a complete 
server. We can of course define more resour-
ces, one for each service we need and one 
for each configuration file. With a few files 
and services this might still be manageable, 
but it would soon spiral out of control. To 
maintain an overview, puppet can group 
multiple resources into a class. The idea be-
hind classes is to group resources with the 
same context into one resource definition. 
If we have a few resources to manage our 
ntp (network time protocol, synchronises 
the current time from a few servers on the 
internet with your computer) daemon, we 
could build a single ntp class for this. In-
stead of defining all resources manually, we 
just say: 
include ‘::ntp’

Or if we want to tweak some settings we 
could do:
class { ‘::ntp’:

  servers        => [ ‘ntp1.utwente.

nl’, ‘ntp.snt.utwente.nl’ ],

  restrict       => [‘127.0.0.1’],

}

This way we retain our sanity and overview 
of the situation. It doesn’t really matter how 
this ntp class manages our ntp daemon, we 
only know that it works and that we twea-
ked a few settings. If we really want to know 
how this class works we can always inspect 
the code from which the class is build.

With classes we have even better building 
blocks for our servers. Unfortunately, if 
we just apply resources and classes to our 
servers, some things might still go wrong. 
Maybe we have a few servers with Ubuntu, 
a few with Debian, and a strange Red Hat 
server some where left in a closet. These Li-
nux distribution vary a little bit, but enough 
to sometimes break things if we want every-
thing exactly the same between them. A ob-
vious example is the Apache web server. On 
Ubuntu and Debian, this service is called 
Apache2, on Red Hat it is called httpd. To 
prevent our servers from installing nothing 
or the wrong packages, puppet has two 
tricks up its sleeve. 
The puppet language as most programming 
languages supports variables. We could de-
fine our apache package as:
package {‘apache’:

  name   => $apache,

  ensure => latest,

}

Using the variable named $apache as the 
name for our web server. Somewhere else 
we then state:

scintilla operator team

A lot of the work the SOT does is working on a terminal, configuring the 
servers remotely. Mostly this happens by editing configuration files on 
a server or virtual machine. Currently we have around 15 Linux instal-
lations to manage, so when something has to be changed on all of these 
installations, we have to do this manually. This costs us a lot of time con-
necting to each server; editing the configuration; restarting the service 
and checking if it worked. A solution to this problem is Puppet.

Figure 2: The process of applying a manifest to 
an agentFigure 1: The Puppet logo
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scintilla operator team

case $operatingsystem {

  # Note that these matches are 

case-insensitive.

  redhat: { $apache = “httpd” }

  debian: { $apache = “apache2” }

  ubuntu: { $apache = “apache2” }

  default: { fail(“Unrecognized 

operating system for webserver”) }

}

This defines the variable $apache for each 
operating system we have with a case (or 
switch) statement. But this only delays the 
problem. We still need the variable $opera-
tingsystem to be defined somewhere. Pup-

Figure 3: Agent sending a request to the Puppet master

pet solves this with a tool called Facter. Fac-
ter is a support tool for the Puppet agents. 
On each Puppet run it collects variables 
from the agents and uses those to solve the-
se problems. One of those variables is the 
$operatingsystem, which defines the ope-
rating system running on the client. Other 
variables are for example the number of 
processors or the host name of the system. 
Facter gives each agent the unique finger-
print to identify itself to the puppet master. 
We can make certain definition specific for 
an operating system, or even classes defined 
per host. 

As most system administrators are lazy (or 
want to do their job as efficient as possible), 
they don’t want to be busy all day writing 
classes. Most of the time classes are con-
tained in so called modules. A module can 
consist of multiple classes, but it always has 
a single context or functionality. Modules 
can be uploaded to the Puppet Forge, a 
website dedicated to making Puppet mo-
dules available to the world. With this sys-
tem administrators don’t have to write each 
Puppet module over again but save time by 
using the work of somebody else.

So what actually happens when a Puppet 
agent contacts the master. The process of 
applying a manifest to an agent works as 
shown in figure 2. The manifest is com-
bined with any other included manifests 
and compiled into a catalog. The main dif-
ference between a manifest and a catalog is 
that a catalog is specific for one host. Any 
logic and/or variables are resolved. This en-
sures that an agent only sees the catalog for 
his host, thus improving separation and se-
curity. When an agent sends a request to the 
Puppet master, the process changes to figure 
3. The agent sends his name and facts to the 
master. The master uses this to classify the 
host and combined the necessary classes 
and compiles these to a single catalog. This 
catalog is returned to the agent, which then 
can apply this catalog to enforce the system 
state. Finally the agent reports back whether 
the taken actions were successful. To secure 
all communications between agent and 
master, each agent identifies himself with 
an unique SSL-certificate. This certificate 
must be accepted by the master before any 
communication can take place.

With this combination of Puppet agent and 
Puppet master we can effectively manage 
multiple servers. This way we don’t have to 
edit the same file multiple times, saving us 
a lot of time and errors. But it doesn’t stop 
here, puppet has a few more tricks up it’s 
sleeve to make things easier. Additional sys-
tems like Hiera and Augeas can be used to 
structure your puppet code even better and 
use it more efficiently.
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Why did you choose 
an EE minor?

Near the end of the subject System Analysis, 
where the analysis of electrical systems and 
some important stuff regarding electrical 
motors was introduced. The lecturer made 
a remark that the most important thing a 
mechanical engineer lacks is knowledge of 
electrical engineering. This seemed interes-
ting and since none of the theme-minors 
seemed interesting enough, the decision 
was easy really.

Minor

Petra Kuipers is a Mechanical Engineering student. She is now doing her 
minor in the field of Electrical Engineering. We asked her a few questions 
about why she chose this, and how she experiences it.

Which subjects did 
you take?

I took the first year subject IEEE with lab 
work, the third year practical Realization 
In Materials (of a micromechanical force 
sensor). Currently I’m following ElBasFun 
(2nd year Advanced Technology) and in 
January I’ll start on an assignment on Ad-
vanced Semiconductor Devices.

How is it going so far?
Well, so far so good. I passed IEEE and lab 
work, next week  (at time of writing) we 
will get the result for RIM  and a midterm 
test for ElBasFun, so then I know if those 
subjects are roughly going as well as I think 
they’re going.

Are there similarities/
differences compared 
to Mechanical engi-
neering?
What is similar is the physics and mathe-
matics behind the subjects, even if they are 
applied to different area of theoretical pro-
blems. However, once the theoretical solu-
tion is tested and does not work as expec-
ted, the reason why is, for me at least, much 
more difficult to identify.
The biggest difference in the contents of the 
study is probably the amount of lab work 
and preparation needed for that.
From an organizational point of view, the 
biggest difference is probably caused by 
the TOM-model. For some subjects in 
my study, midterm tests are used as a bo-
nus construction or as a replacement of 
an exam, even though there is still an op-
portunity to do the entire exam. However, 
those tests are planned after a specific part 
of the subject has been covered, not blindly 
every Monday. This way, it is more a reason 
to refresh what you learned and a test of ac-
quired knowledge and insight, rather than 
performing the same trick to give the same 
answers as last Thursday. 
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they could help me further along. When I 
arrived there, and talked to this person of 
the Accommodation Office they luckily 
still had a place where I could stay for half 
a year. I rent a room in a “rijtjeshuis” from a 
lady which has rented rooms to internatio-
nal students for years now. I gladly took this 
opportunity. 

During the first two weeks, there was an in-
troductory program, (which is quite unim-
pressive compared to the kick-in) in which I 
did an intensive language course. Here I met 
a lot of other international students.  The 
TUHH though small (only 6000 students) 
has a remarkably big amount of exchange 
students, the people I met were mostly from 

mostly from western –Europe, and Colom-
bia. At the final day of the introduction 
weeks, there was a big assembly where all 
the “ersties” (German for sjaars) convened 
and there were speeches by the Rector Mag-
nificus and other people from the Univer-
sity with some tips and facts about studying 
at the TUHH. This was all in German of 
course (in Germany they won’t start tal-
king English if there are a few people who 
aren’t from Germany). After these first 
speeches, the regular “ersties” were sent to 
their respective FSR’s (Fachschafts Räte), 
i.e. more or less the German equivalent of 
a study association), and we got a few spe-
cific speeches this time in English. There 
was also a speaker from Iran (an internati-

onal student who is doing his 5th year at 
the TUHH now) which had also spoken 
during the general part, and here I realized 
that International students here speak bet-
ter German than they do English (which 
would generally be the other way round in 
the Netherlands).  My courses here are all 
in German which was quite challenging at 
the beginning but I am getting quite used to 
it now. Although it might be quite hard to 
actually do the tests and reports in German 
but I am not going to worry about that yet. 
A funny thing to note is that in Germany at 
the end of a lecture it is common practice to 
applaud the Professor/ teacher.

The University here and the UT are actu-
ally pretty similar, founded about 10 years 
from one another, size wise they are about 
equal (the technical part of the UT and the 
TUHH are about equally big). And they 
both try to stimulate extracurricular activi-
ties. 

General life in Hamburg doesn’t differ all 
that much from life in the Netherlands. 
Though there are a few differences, the lack 
of proper bike(lane)s and the environmen-
tally responsible attitude of the German 
society. For instance, the university will ne-
ver hand you a piece of new paper, all their 
documents are printed on recycled paper.  I 
must say though that most of the Dutch pre-
conceptions about Germans I have found to 
be true. They are quite strict, if one wants to 
talk to a Professor or other employees there 
is only a very narrow set of office hours and 
you are somewhat sneered upon if you ask 
people outside of these opening hours. And 
expectedly they eat a lot of meat, but apart 
from that there don’t seem to be such huge 
differences.  And though as a whole Ham-
burg is huge, 1,7 million inhabitants, this 
part of Hamburg where the University is 
(Harburg), which lies south of the Elbe, is 
more or less comparable to Enschede. I like 
it here quite a lot, though I miss Enschede 
and studying EE as well.

If you have any questions, I’ll be back in the 
SK after January 31st	

minor

Minor

I am Berjan Westerdijk third year EE student, i.e. “Farmer of Sparks”. Be-
fore I started my studies concerning the proper flow of electrons, I was 
not very sure what to do, whether to study EE, or Mechanical Engineer-
ing. In the end I chose more or less randomly, under the condition that 
during my minor I would do Mechanical Engineering courses. Over time 
I have grown more interested into perhaps doing (a part of ) my master 
abroad. And last year when it became time to more or less decide what 
to do with the minor, I got the idea to the these Mechanical Engineer-
ing courses abroad (though not far), to get an idea if I would like to do a 
bigger part of my studies abroad. I liked the idea of studying in Germany 
especially since this would be a good opportunity to learn some German. 
It is quite a big decision to make going halfway across the globe to study 
for a year or two, you can’t say “mwah it’s not for me”, and then return.  It 
would be a pretty final decision. So it would be a good idea to more or less 
try it out first.

de Belt. Because they are the only part of 
UT which actually has a contract with the 
TUHH. After discussing my plans with 
her, she said she would reserve the exchange 
position with the TUHH for me this year. 
After I then had to find a “sponsor” for my 
individual minor program, this is offici-
ally standard procedure if you want to do a 
minor outside of the few standard minors 
the university still offers. Maarten Korsten 
suggested me to talk with the people of Me-
chanical Automation, the ME counterpart 
of our Robotics and Mechatronics research 
group. This turned out to be quite a big has-
sle; everyone over there said to be overloa-
ded already and couldn’t sign the document 
for me. After being sent back and forth for 
a while I found one person who was willing 
to advise me on, and sign my plan for the 
individual minor. This was then sent to the 
exam board who accepted it. After this I had 
to get a learning agreement signed by both 
the UT and the TUHH about the courses 
in my individual minor. This part was relati-
vely easy at least at the UT, and it meant just 
collecting a few signatures. However when I 

How I arranged all 
this

In December of last year, after I talked with 
Maarten Korsten about a course I was doing 
at the time, I decided to ask him about the 
possibilities of doing my minor abroad. 
Maarten Korsten is the Departmental 
Coordinator for the EWI bureau of Inter-
national Relations. After talking to him he 
suggested a set of things which I should do. 
After the second quarter test had finished, 
I returned to Maarten Korsten with the 
things I had found out, and what I wan-
ted to do more or less. I had decided to do 
this exchange program at the Technische 
Universität Hambug Harburg (TUHH) 
in Hamburg, since this university had an 
official contract with the UT (hoping this 
would decrease the expected burocracy a 
bit). After a bit of e-mail communication 
with the people at the TUHH, I found out 
that I needed to talk to the person in charge 
of International Relations of the Mechani-
cal Engineering department, Dorien van 

sent it over to the TUHH, which up to that 
point had reacted with the widely known 
`deutsche punktlichkeit`, didn´t react for 
over a few months. Ms. Jaarsma-Knol, also 
of the “bureau internationalisering” / bu-
reau of international relations, helped me 
set up this learning agreement, and also told 
me that I was eligible for some extra finan-
cial support (an Erasmus grant). And after 
filling in quite a few forms sorting that out 
as well, I finally left at September the 30th.

Hamburg

Since my learning agreement was returned 
only at the end of July, I was too late to get 
a spot in the actual international student 
housing of the university itself. I feared this 
would be quite an issue, because it is noto-
riously difficult as an international student 
to find housing quickly in the normal cir-
cuit. A week before the lectures started in 
the Netherlands, I decided to drive to Ham-
burg to perhaps visit a few rooms, and at 
least talk to the Accommodation Office if 
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junctionjunction

Karim Kok is the administrator of the STORES and therefore part of the 
board. He started studying Electrical Engineering in 2009 and is a very 
active person, but still not very known at Scintilla. We invited him for this 
interview in the Junction, to get more insight in his daily life.

Junction
Karim Kok

What is your favourite class 
during your Electrical Enginee-
ring studies? 

That is a good question to start with, I will 
have to think about it. I think the more 
practical classes, such as ElBas (currently 
known as electronics)  and computer sys-
tems, are the classes that I liked most.

That practical part is characteristic for Ka-
rim, as it turns out during this interview. He 
started his own company in electronic con-
struction kits (digibytez) and works for 3T. 

Why did you start your own 
company?

When I was eight I already started with 
engineering. I started with soldering con-

struction kits and thereafter did more and 
more myself, for example the design and et-
ching of PCB’s. I posted my projects on my 
website. And I got requests from visitors if 
I could design and etch PCB’s for people. 
That was when I decided to start my own 
company in order to facilitate this. But it 
was still like a hobby for me. 

And when you decided to turn 
you hobby into a more serious 
business, how did you do that?
I started by  selling individual components 
on the internet and designing small con-
struction kit. For example I sold a set to 
make a LED cube. These construction kits 
consisted of a circuit board and the compo-
nent needed for it. I sold these construction 
kits to schools and other associations. As 
the market for these types of construction 
kits grew, I stopped with the sale of the in-
dividual components and started to focus 
solely on the electronic construction kits.

You also have a job separated 
from your own company, what 

do you do there?
I work at 3T, an engineering company. At 
3T I work with embedded systems and help 
designing electronics for companies. These 
are larger projects and require more know-
ledge and skills in order to complete the 
design. These projects include things like a 
control system for engines or large machi-
nes. This is an area of work where I would 
like to work in later.

What do you want to do after 
your study?

After my study I want to start working at 
an engineering company to help with de-
signing electronics etc. I also want to con-
tinue my own company part-time. I am 
more practical than theoretical. I have even 
thought about going to the HBO, but I like 
some challenge and theoretical background 
to go with my practical knowledge. So I 
choose the more practical classes and still 
hobby at home.

So where did you get this practi-
cal aptitude? 

I grew up at the farm of my parents and hel-
ped a lot in the work. My father construc-
ted a lot of things, and he learned me to be 
practical. This has influenced me a lot, for 
example the background of my computer is 
a tractor. I think they are incredible machi-
nes and learned to drive them when helping 
my father at the farm. 

Karim Kok

Age

Study year

Birth place

Country of 
origin

Twenty-two

Fifth

Smallingerland, 
Drachten

Fryslân

Besides his work, Karim is also active at Scin-
tilla. He is the administrator of the STORES 
and participant of the upcoming study tour 
to Japan, where he is also involved with the 
administration.

How do you experience this 
third “job”?

Doing the administration of the study tour 
is not that different from the administrati-
on of the STORES or my own company. It 
is easier, because the taxes are not involved. 
The administration of the STORES is chec-
ked by an accountant. For my own compa-
ny and the study tour, that is not needed. 
I applied for the study tour, to see more of 
the world, to see more than only Europe. I 
am looking forward to visit the companies 
and to get to know the Japanese culture. It 
is another culture, but it is a well developed 
country. It will be interesting to experience 
this other culture. After the study tour it-
self I go on vacation for three weeks, to see 
other parts of Japan, together with Tim, 
Frank and Erik.
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A while ago I attended a demonstration of a new communication tool. 
It was meant to make communication easier. The idea was that there are 
many ways to communicate these days, so many that a message could ea-
sily get lost somewhere. For example, most people have multiple e-mail 
addresses to which you can send stuff. And not only are there multiple 
ways to reach people, almost everybody has multiple ways of receiving the 
messages. Take for example my phone; it is, as so many people have these 
days, a smart phone. So it receives my e-mail, it has Whatsapp, Facebook, 
SMS, Googletalk, Instagram, Twitter and it’s also able to make phone 
calls. Not bad for a phone, right? But that is only my phone, my laptop 
has probably even more ways for me to reach the outside world.

Communication 
dillemas

So there are not only different ways to com-
municate, but also different ways to receive 
these messages. So there are two ways were 
it can go wrong. But for some reason I don’t 
think that adding another communication 
method is the way to solve the problem. 
But the demonstration wasn’t totally use-
less, because it did give me a few things to 
think about. How can I handle all the dif-
ferent communication canals in an efficient 
way? Is it necessary to be reachable at any 
moment? Is it a problem if people cannot 
reach me? What is an efficient way to deal 
with e-mail and a cell phone? Do I find it 
a problem if I cannot reach someone? Is it 
healthy to be reachable every single mo-
ment and can people expect you to always 
answer within an hour?
So communication causes quite a dilemma. 
At one side it is nice to know that people 
can reach you, and that you can reach some-
one when it is necessary and to get a quick 
response. But on the other side, it can be 
really nice to be unreachable at a certain 

time. The moment that my cell phone and 
laptop are turned off, I can truly relax. But 
nowadays it is more and more important to 
be reachable at all times. But how can you 
truly have free time when there is always the 
possibility that you get an important phone 

call or e-mail? I like to communicate, but 
sometimes nothing is more relaxing then 
knowing that nobody can reach you. 
I know a few people who do not work in 
the weekends. When they have a project 
the first thing they say is that they do not 
work in the weekends. I used to find this 

weird, but I started working like that and  
it’s really relaxing. I don’t have to think or 
worry about anything in the weekend. It’s 
also a stimulant to work on Friday. Because 
I can’t say that I will do it tomorrow and 
some things can’t wait until Monday. Con-
clusion: I’m actually free in my free time!  
So no, I’m not always reachable. Taking 
time to relax is important. But this doesn’t 
answer how to handle all kinds of commu-
nication. Well, I try to keep things were 
they belong. I send my student mail to my 
personal mail which I receive on my cellp-
hone. But I don’t receive my board mail 
on my phone; I like to keep that separated. 
This way I try to keep everything where it 
belongs and it should not get lost.
But if you ever have the idea I didn’t read 
something or I don’t react, you can always 
come and ask. Because nothing is as per-
sonal as face to face communication. But 
when it’s in my free time, I might force you 
to drink a cup of tea with me first ;p
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Puuzle

The puzzle for this edition of the Vonk is a 
hexadoku. A hexadoku is a lot like a sudoku, 
but instead of nine possible entries, there 
are sixteen: 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, A, B, 
C, D, E and F.

If you want to have a chance to win a pie, 
please send your solution to me via e-mail 
(truusje@scintilla.utwente.nl) or deposit it 

9 1

3 B A 5 1 F

C 1 B 6 D 9 E 2

7 E F 8 0 B 4 3 A 9

8 0 D A 6 E 5 9

9 3 5 4 B 0 2 F

E 2 F 6 5 9 4 D 1

5 1 9 7 2 4 0 8 3

2 A 3 0 B C D 5 8

C 5 7 B D A 0 4 6

4 9 8 E 6 7 3 0

B 0 D 7 2 1 F A

A C 3 0 E 7 D F B 9

5 A B 1 F C 8 7

2 4 8 6 5 1

1 0

9with your name in the mailbox of the Vonk 
in the SK. 

Also, there is still no winner for the puzzle 
from the previous edition of the Vonk. This 
means you can still solve this puzzle and 
send in your solution (even if you’ve only 
solved it partially). Good luck and have fun!

The year flies by, as already two quarters have passed. Besides all the stud-
ying, it is also very important to relax. And what better way to do this than 
with a nice puzzle?



Leading in Oil & Gas Technology

Frames defines itself by implementing new 
technologies in a dynamic market with 
growing internationalization. In addition,  
we highly appreciate a good working 
atmosphere in an informal setting.

Well educated ambitious people are working 
at Frames. Our terms of employment are 
correspondingly. Frames tries to stimulate its 
employees to continue learning, both “on the 
job” as well as through providing training. 
Our study costs arrangement allows 
employees to follow an adequate education 
in an affordable and easy manner.

Specialized in the design, manufacturing, 
supply, installation and commissioning of 
complete systems for oil & gas treatment, 
separation, heat exchanging, flow control  
and safeguarding, we constantly expand our 
technological capabilities as well as our 
customer base to include virtually all the 
major oil & gas production companies 
worldwide.

Opportunities to grow in one of our offices are 
plentiful. Besides developing opportunities in 
the Netherlands, we are continuously looking 
for employees who are willing to help with the 
growth of our international offices.

In total, Frames has five offices in the 
Netherlands located in Alphen aan den Rijn, 
Vollenhove, Woerden and Zoeterwoude. 
Besides expanding in the Netherlands, more 
and more Frames offices are opened abroad. 
Supported by offices in Brazil, Germany, India, 
Malaysia, Russia, Saudi Arabia, UAE and the 
USA, Frames has managed to make a name 
for itself in the global oil & gas industry in  
the past three decades.

The following technology and product groups 
are part of the Frames portfolio:

•  Flow control & safeguarding
•  Gas & liquid treatment
•  Separation technologies
•  Gas processing
•  Biogas processing
•  Heat transfer
•  Automation
•  Field services

Interested?  
Please visit www.jobsatframes.com or  
www.frames-group.com for more 
information.

Frames is a medium sized international company  providing turn-key technology for the 
upstream oil & gas industry.  Headquartered in Zoeterwoude the Netherlands with offices in 
Alphen a/d Rijn,  Woerden, Germany, United  Arab Emirates, USA, India, Malaysia, Brazil and 
Saudi  Arabia. Our business plan includes a  sustainable growth for the coming years. The 
Frames organization is  characterized by an open, international, committed and relatively young  
staff.  Visit www.frames-group.com to learn more  about our company.
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