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Abstract 

This paper describes the development of an experiment to test the characteristics and 

functionality of Silicon Carbide (SiC) components in a space environment. The experiment is a part 

the “Miniature Student Satellite” (MIST) project, and the “Work on Venus” project, both situated at 

KTH, Stockholm, Sweden 

The paper primarily covers the development and implementation of the experiments 

microcontroller and its software, whilst the construction and development of the test circuit for the 

transistors is carried out at the same time by another team, and therefore described in a separate 

paper. 

A microcontroller is selected for this experiment after consideration is taken to both the Low 

Earth Orbit environment where the experiment will take place, end the power consumption 

restrictions due to the limited amount of power available at the satellite itself. The software on the 

microcontroller is then developed to read temperature and voltage input from the different 

transistors under test, and transform the input data to a readable format sent to the satellites On 

Board Computer, which can then communicate the readings to the Earth Base Station. 

Apart from the software of the SiC experiment, a similar software solution on a similar 

microcontroller is developed for another experiment called MOREBAC, which will be placed on the 

same satellite. The main difference between the MOREBAC project and SiC in Space will be the type 

of data read on the input, the number of inputs and the format of the package sent to the On Board 

Computer. 

The final stage of the work for this thesis is the design and construction of a Printed Circuit 

Board. The board contains the microcontroller and connected components, the transistors to be 

tested, as well as power supplying components, covered in yet another thesis work.  

Keywords 

Silicon Carbide, satellite, embedded systems, microcontroller, spaceflight 
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Abstract 

Den här rapporten beskriver utvecklingen av ett experiment vars uppgift är att testa 

karaktäristiken och funktionaliteten hos Kiselkarbid(SiC)-komponenter i rymden. Experimentet, 

som går under namnet SiC in Space, är en del av ”Minitature Student Satellite”-projektet (MIST), 

samt projektet ”Working on Venus”, vilka båda utförs på KTH, Stockholm, Sverige. 

Rapporten avhandlar huvudsakligen utvecklingen och implementationen av experimentets 

mikrokontroller samt den tillhörande mjukvaran, samtidigt som testkretsen för den transistor som 

undersökts utvecklades i ett annat projekt, och är således avhandlat i en annan rapport.  

En mikrokontroller valdes ut för projektet baserat både klimatet i ”Low Earth Orbit” där 

satelliten kommer att befinna sig, samt de krav som ställdes på strömförbrukningen baserat på den 

begränsade strömförsörjningen på själva satelliten. Mjukvaran på mikrokontrollern utvecklades 

sedan för att avläsa temperaturvärden och spänningsnivåer vid testpunkter på transistorerna, för 

att sedan översätta denna data till ett läsbart format samt skicka den till satellitens omborddator, 

som i sin tur kan skicka datan till basstationen på jorden. 

Utöver den mjukvara som utvecklats till SiC in Space, utvecklades även en liknande lösning för 

ett annat experiment på satelliten, kallat MOREBAC. Den huvudsakliga skillnaden mellan de två 

mjukvarulösningarna är att de testpunkter som ska läsas av på MOREBAC skiljer sig både i antal 

och i utförande från de testpunkter som ska läsas på SiC in Space, samt det datapaket som sedan 

skickas till omborddatorn. 

Det slutgiltiga steget under detta projekt var sedan att designa och konstruera ett kretskort 

(PCB). Kretskortet innehåller både den mikrokontroller som avhandlas i denna rapport, 

transistorerna som ska testas, samt en strömförsörjningslösning som utvecklats i ytterligare ett 

parallellt projekt. 

Nyckelord 

Kiselkarbid, satellit, inbyggda system, mikrokontroller, rymden 
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1 Introduction 

 

This chapter describes the background of the thesis and provides an overview of the project outlines, 

as well as the goals and purposes of the project.  

1.1 Background 

To land a spacecraft on Venus and have it work there, the spacecraft have to be constructed of 

components capable of withstanding extreme conditions. The surface of Venus has a temperature of 

460°C, the surface pressure is 92 bar[1], and while traveling from Earth to Venus the spacecraft will 

absorb large amounts of radiation.  One material tested to withstand this extreme environment is 

Silicon Carbide (SiC)[2]. SiC components with similar electrical properties as regular Silicon 

components, can be manufactured out of SiC, with the advantage of environmental sturdiness. This 

material has successfully been tested in different environments on earth to simulate how they would 

perform. A new test is now to be conducted, to test the properties of these components in an actual 

space environment.  This experiment is called SiC in Space, and will be launched as a component on 

a miniature satellite, MIST[3], developed by students at KTH. The experiment will then measure the 

performance of a SiC transistor and a regular Silicon transistor, while in orbit around the earth, and 

relay the results back to earth for analysis. 

This thesis will cover the work of developing and designing parts of this experiment, focusing on 

the microprocessor that runs the test program for the circuit. The time frame of the project is 10 

weeks, and the final result is not expected to be the finished product to be put on the satellite, but a 

testable prototype, leaving work for other students to complete the project before the launch of the 

satellite. 

Another MIST-experiment called MOREBAC, developed parallel to SiC in Space, will need a 

microprocessor that works similar to the one developed in this thesis. The student responsible have 

asked for help to choose and configure a microprocessor for the MOREBAC project, and therefore, 

that part of their project is also a part of this thesis. 

  

1.2 Problem definition 

To measure a circuit and send the data from the satellite down to earth, some kind of microprocessor 

must be available on the experiment. To decide what microprocessor to use, and how to best configure 

and program it, a lot of different variables must be taken into consideration. The problem can be 

summarized into three different questions. 

1. What microprocessor can be used, that can make all the required measurements, withstand 

the environmental forces present in orbit around the Earth, and still consume as little power 

as possible, since the power supply on a satellite is very limited? 

2. How do you place the microprocessor on a Printed Circuit Board (PCB), with all necessary 

components to do the measurements required by the experiment, on a minimal surface area? 

Since size of the whole experiment is limited to a standard PC104 PCB (approx. 

90mmX96mm), and the actual test circuit together with components for power management 

also have to be fitted, the circuit of the microcontroller has to be as compact as possible, while 

still meeting EMC requirements; to not emit or radiate unnecessary electromagnetic fields 

that could interfere with, or damage, other experiments fitted on the satellite. 
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3. How do we design a software that is capable of doing all the measurements with high 

accuracy, but with minimal power consumption? The software must also be stable, handle 

the fact that the power to the microprocessor will be switched off between measurements, 

and be able to communicate with the On Board Computer of the satellite, in order to transmit 

the data that will then be relayed down to earth. 

1.3 Purpose 

The purpose of this thesis is to evaluate and choose a microcontroller suitable for the task of doing 

experimental measurements in space and to write a software that is optimized for the same task. The 

purpose of the microcontroller itself can be divided into three main tasks. 

1. Provide the test circuit with different reliable and stable voltage levels during the test phase, 

to allow the test to be conducted under different circumstances. 

2. To read the analog signals from the test circuit and store them as readable values. 

3. Send the stored values to the On Board Computer (OBC) of the satellite, which will then 

transfer the stored data down to earth for further analysis.   

The choice of the microcontroller should be based on requirements regarding the space 

environment, the required interfaces for the experiment, and the power consumption constraints set 

by the satellite. 

The purpose of the developed software is to effectively and accurately execute the tasks stated 

above, while being both stable and reliable during runtime. Besides that, the code should be used to 

configure the microcontroller in a way that it meets the requirement regarding power and 

communication. 

As a secondary purpose, this thesis is to be used as a reference for any future work on the SiC in 

Space project. 

 

MOREBAC 

The purpose of the involvement in the MOREBAC project is to aid the MOREBAC team with the 

microcontroller and software of their project since the student working on MOREBAC is mainly 

focused on biological science rather than computer science. Our part of the work on MOREBAC will 

be to replace their Arduino-based [4] test circuit with a circuit based on a microcontroller that meets 

the same requirements as the one used on the SiC in Space project.  

1.4 Goals 

The goal of this project is to design and implement two microprocessor units capable of measuring 

the results of the two tests SiC in Space and MOREBAC in accordance with the requirements 

specification (Appendix A). Due to the time frame for this project, the complete requirements 

specification will not be fulfilled. Mainly two aspects will not be covered; this project will not produce 

the final PCB that will be placed on the satellite for either one of the experiments, and the software 

written for the MOREBAC experiment will not be a final version, since the final experiment 

parameters won’t be decided while this thesis work is being conducted.   

The main goal has been divided into the following sub-goals: 

1. Create software for the SiC experiments, as final and launch ready as possible under the 

circumstances.  
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2. Create software for the MOREBAC experiment that can be used as a base for the final version. 

3. Design a circuit design and PCB as close to a finished version as possible for the SiC in Space 

experiment.  

4. Design a circuit design and PCB that can work as a test circuit for the MOREBAC experiment and 

also be used as a base for the final circuit.  

 

MOREBAC 

The goal for our involvement in the MOREBAC project is to finish the development and construction 

of an experimental board based on a microcontroller equal to that of the SiC in Space project. Besides 

that, the software on the current Arduino based test circuit will be ported to the new hardware with 

maintained functionality. 

 

1.5 Research Methodology 

This thesis is based on two primary methodologies. First, a qualitative literature study, to provide the 

knowledge on how to best solve the task, based primarily on earlier work in the field, and data 

available about the hardware and software used. Second, an empirical phase, using the knowledge 

acquired in the literature study. In this phase hardware and software are developed in an iterative 

way, by a combination and research and testing to solve one problem at the time. The reason for 

working iteratively is to make sure errors and other issues are discovered early and to make the impact 

of them as small as possible. 

1.6 Delimitations 

This thesis will not focus on the design of the test circuit, what effects or functions are being monitored 

or the calculations involved. The scope of this thesis is the microcontroller used on the SiC in Space 

experiment, its software and the layout and construction of a prototype PCB, as well as the 

microcontroller used on the MOREBAC project, and its initial software and configuration. 

The main focus of the report will be the development of the software and hardware of the first 

prototype of the SiC in Space experiment. This will not be the final product launched with the MIST 

satellite, so this thesis can be seen as a reference for future work on the project, together with the work 

on the test circuit by Ericsson and Silverudd[5], and the work on the power supply by Johansson[6], 

conducted parallel to this thesis. 

The work related only to the MOREBAC project will have separate subsections under each 

chapter. 

1.7 Structure of the thesis 

Chapter 2 presents relevant background information about the SiC in Space project, MIST, and other 

related work. 

Chapter 3 presents the methodology and methods used in this thesis. 

Chapter 4 presents the actual work done on both hardware and software development and testing. 

Chapter 5 presents an analysis of the work and its results. 

Chapter 6 presents the conclusion of the thesis and recommendations of future work. 
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2 Background 

This chapter provides basic background information about the SiC in Space project, MIST and the 

environment in space related to the requirements set on the hardware. Additionally, this chapter 

describes the MOREBAC project at a glance. 

2.1 MIST 

The project covered in this thesis is a part of a larger project at KTH called Miniature Student Satellite 

(MIST). This section will give you a brief introduction to the project to better understand the context 

of this thesis. 

2.1.1 What is MIST? 

The MIST project is initiated by the KTH Space Center[7]. The project itself is driven by student 

teams of about ten persons, working on it as different thesis projects lasting one semester, and then 

handing it over to a new team of students to continue the work in the following semester until the 

satellite is ready for launch. Apart from the students, Dr. Sven Grahn, and Prof. Christer Fuglesang 

are supervising the project, and mentoring the student teams. 

2.1.2 The satellite 

The satellite itself is based on a model called the CubeSat[8], a commonly used structure for 

experimental satellites. Since the first CubeSat was launched in 2003, more and more CubeSats have 

been successfully launched, and their popularity is still growing. In 2014, over 75 CubeSats were 

launched[9]. 

In the case of MIST, this satellite will host a number of experiments. Besides these, the satellite 

will be equipped with small thrusters, which is actually itself one of the experiments. It will also have 

solar panels that charge an internal battery on the satellite. This battery can deliver 14 V, and power 

all experiments on the satellite, along with the OBC (On Board Computer). The OBC also controls the 

power supply system, which takes the 14 V and steps them down to four 5V and two 3.3V buses that 

are then distributed to the different experiments to be used for low voltage components, primarily 

microcontrollers. 

 

 

 

 

 

 

 

 

 

Figure 1 - 3D rendering of MIST satellite. Source: MIST Project document M110-006 
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2.1.3 Purpose of MIST 

There are two main purposes of the MIST project: education and experimentation. 

The educational part of the project is, of course, the main reason why the project is conducted by 

students. Because of the complexity of building a functional satellite, the work is suited for thesis work 

in many different areas such as physics, electronics, computer science and mechanical engineering. 

The other purpose of the project is to fit eight different experiments as payload on the satellite. 

Most of these projects are also made by students as master or bachelor theses and conducted in close 

cooperation with the student teams who build the actual satellite. The project handled in this thesis, 

SiC in Space, is one of the eight experiments to be launched with MIST. Two of the other projects 

mentioned in this report, MOREBAC and Piezo LEGS, are also among the experiments to be launched. 

2.2 SiC in Space 

The main goal of this experiment is to test the performance of Silicon Carbide transistors in the harsh 

environment of space.  

Silicon Carbide, SiC, occurs in several different crystal configurations, called polytypes, in nature. 

Most interesting for commercial use are configurations called 4H and 6H SiC[10]. Other common 

materials in semiconductors are among others pure silicon (Si) and Gallium Arsenide (GaAs). 

The main reason SiC is suitable as a material in semiconductors is its high energy band gap, the 

energy needed for its electrons to jump from the valence band to the conduction band. The energy 

needed differs for different crystal combinations. For 4H, it is 3.2 eV and 3.0 eV for 6H. This can be 

compared to the energy bandgap for Silicon, 1.12 eV, and Gallium Arsenide, at 1.43 eV. The high 

energy bandgap is the reason why SiC can withstand higher temperatures than other semiconductor 

materials. When a material is heated up, the vibrations can excite the electrons enough to jump from 

the valence band to the conduction band. This, in turn, makes the semiconductor fail. With a high 

energy bandgap, more heat is needed for this to happen. The high energy bandgap also allows 

semiconductors made of SiC to be smaller for the same breakdown voltage. The on-resistance is also 

much smaller compared to other materials.  

2.3 Environment in Low Earth Orbit 

In Low Earth Orbit (LEO), the main aspect of the environment that has to be accounted for in this 

experiment is the temperature fluctuations. This is important when choosing what components to use 

when constructing the experiment. A thorough analysis of the thermal aspects of the MIST satellite 

has been done by Andreas Berggren[11].  

The temperature of the spacecraft is decided by a number of factors. The external factors are 

mainly three, the radiated energy from direct sunlight, the sunlight that is reflected by the Earth, and 

the albedo of the earth, i.e. the infrared light radiated from Earth[12]. Heat conducted from the 

components on the spacecraft itself also radiates to all parts of the spacecraft. The satellite itself will 

also radiate some of this heat into space. The amount of radiation is based on the temperature of the 

spacecraft itself. This is controlled by a thermal control system. Taking all the above into 

consideration, the SiC experiment is expected to see temperatures ranging from -2 to +30 degrees 

Celsius[11].  

Another important aspect of the environment in LEO is the radiation. There are three types of 

radiation to consider; Trapped Radiation, Galactic Cosmic Rays, and Solar Cosmic Rays. [13] 
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Trapped radiation consists of trapped energetic charged particles held in place by the Van Allen 

Belt, the magnetic field around the earth. These particles are electrons, protons, and heavy ions. For 

LEO, the SAA (South Atlantic Anomaly) is of extra importance. The SAA is a portion of the Van Allen 

Belt where the magnetic field reaches much closer to the earth, situated around Brazil, thus trapping 

more high energy particles.  

The Galactic Cosmic Rays are radiation emitted from outside the solar system, consisting mainly 

of protons.  

The Solar Cosmic Rays are generated on the sun from bursts caused by events like solar flares. 

These rays, like the Galactic Cosmic Rays, consist mostly of protons.  

The geomagnetic field of the Earth shields us from most of the Galactic Cosmic Rays and the Solar 

Cosmic Rays in LEO, though the total amount of radiation from all three of these sources are 

necessary to evaluate.  

The main issue with the radiation is the so-called Single Event Upsets. The small size of the 

circuitry in a microprocessor means that the necessary charge needed to differentiate between a ‘1’ 

and a ‘0’ is small enough that a single charged particle can flip a bit from a ‘1’ to a ‘0’, or from a ‘0’ t a 

‘1’ [14]. 

Depending on where this occurs, the implication of such an event differs. If a bit is flipped 

somewhere in RAM during runtime, the program could stop working during this run, but would not 

impact the next execution of the program. If a bit is flipped in ROM, where the software itself is stored, 

the whole program could be irreversibly lost.   

 

2.4 MOREBAC 

The experiment Microfluidic Orbital Resuscitation of Bacteria (MOREBAC) aims to investigate the 

revival of freeze-dried microorganisms in orbit and is proposed by the Division of Proteomics and 

Nanobiotechnology, KTH. 

The idea of the MOREBAC project is to revive freeze-dried microorganisms at different time 

intervals during the satellite's orbit, and then investigate the growth of the bacteria by measuring how 

much light from an LED that passes through the chamber where the micro-organisms are stored. The 

microcontroller used in this experiment will not only have to control the LED and read the light-

sensors but also control the valves regulating the pressure in the bacterial chamber since it will change 

as they grow.  

If the experiment is successful, this method could be vital for the development of miniature 

ecosystems in the case of a future human occupied planetary base. 

 

2.5 Summary 

The MIST project is a big project initiated by KTH to create a satellite entirely designed and developed 

by students. Placed on this satellite are several different experiments, of which SiC in space is one. 

The SiC in space project is a small part of the research on Silicon Carbide components and the 

advantages of using them in extreme environments. By launching the SiC in space experiment with 

MIST, tests can be conducted to analyze how the Silicon Carbide components behave in the 

environment present in a Low Earth Orbit. Another experiment on MIST is MOREBAC, a biological 
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experiment testing the revival of freeze-dried bacteria in space. This thesis covers the part of that 

project that is also included in this project. 
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3 Methodology 

This chapter presents the methodology and the workflow of the project, as well as an overview of the 

tests conducted during different parts of the development phase. 

3.1 Literature study 

The first part of this project was to gather information regarding the two main subjects of the thesis. 

Low power microprocessors, and satellites in Low Earth Orbit (LEO). The task of finding a suitable 

microprocessor was dependent on the requirements set on the microcontroller, so the first step was 

to set up a list of requirements. The requirements were set, taking into consideration what tasks the 

microprocessor must be able to perform during the experiment, the power consumption restraints set 

by the MIST satellite team, the available space on the final PCB, and the environment in the LEO. The 

microprocessor might need to withstand a wide temperature range, large doses of radiation and 

vacuum, and still perform deterministically.  

After the requirements were set, a study of the microprocessor market was done. Different 

manufacturers were considered, and available datasheets and similar technical documents were used 

to find out what processors could be suitable for the task. Since many manufacturers offer similar 

products, all meeting the requirements set, other factors had to be weighed in, such as availability, 

price, and development environment. Another factor that proved important for the choice of 

microprocessor was the fact that some processors were available as development kits, making it 

possible to start developing basic software and try out the processor, without first having to design 

and assemble a PCB or similar custom development environments. 

To find out about the working environment for the experiment, when mounted on the satellite 

and launched into orbit, many different sources had to be considered to find as accurate data as 

possible. Since the environment is dependent on the actual orbit, the main source was the documents 

produced by the MIST teams. The data provided by these should be the most accurate for the final 

environment for the satellite. Also, the data from the thermal control team of the MIST was important, 

since the thermal control system would affect the environment for the different experiments. A 

problem with this source was that the thermal control work was under development at the same time 

as this experiment, meaning that the data provided by them could change during the work on this 

thesis, resulting in new requirements being set. To avoid having to rely on only one source for this 

data, other sources were considered in this research, one of them being the data available from the 

developers of the CubeSat standard  and ISIS[15], the company producing the actual frame for MIST. 

As a third major source, data from bigger satellite projects, mostly done by NASA or similar agencies, 

were being used. 

3.2 Software development 

The software was developed in two main stages. First, a development kit was be used, for simplicity 

reasons, to develop and test the main features of the program. Then, when everything seemed 

functional, an experimental PCB was be designed with e circuit similar to what the final prototype 

PCB would look like, and the software was refitted and tested on this board. When everything had 

been done correctly in the first development phase, the transition to the final layout was be relatively 

seamless. 

The software was developed step by step, testing one major function at the time. Every part was 

tested individually before being put together into a running program. This way of testing and 

developing one unit at the time made debugging easier since each functionality would fewer possible 
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error sources, in the case of things not working as intended. The main functions tested separately 

were: 

 Initialize peripherals and oscillators. 

 Sending I2C messages. 

 Receiving I2C messages. 

 Using DAC to provide the experiment with a reliable voltage source. 

 Using ADC to measure several inputs from the experiment. 

 Store the measured data temporarily and create a data package to be transferred via I2C. 

 Setting the processor in sleep mode after the experiment is done, to save power. 

After each unit was tested and approved, the main program was constructed, and the units were 

tied together. The software was developed using the free version of the software Keil µVision 5[16]. 

The main initialization code was created with the tool STM32CubeMX[17], available from the MCU 

manufacturer ST-Microelectronics. 

3.3 Software testing 

For each unit to be tested, a test case was set up to make sure all functionality was tested. After the 

test case had been set up, the software was developed with the intention to pass the current test case. 

If the test case was passed, work started on the next thing to be tested. A passed test case, however, 

does not make the code final. The entire program was developed iteratively since new requirements 

came up during the development process, and some units had to be rewritten. Also, a working unit 

could still be optimized to be faster, more energy efficient or just easier to understand, just to make a 

better final product.  

Some of the functionality was tested and developed on the microprocessor or development kit 

itself, but some of the tests required external components to simulate the final way the code would be 

used. One of the main functions for this was the measurements since this would be the main task for 

the microprocessor. In order to develop this part of the code, without having to rely on the team 

working on the actual experiment, simple test circuits were designed on a breadboard, to simulate a 

possible input scenario for the real experiment. These were then used for the purpose of testing the 

ADC and DAC unit, but also to evaluate power consumption for the whole program at a later stage.  

3.4 Hardware Development 

The initial software development was conducted on a factory made development-kit. However, when 

the main part of the software was done, a transition had to be made to a hardware layout similar to 

what would be implemented in the final product.  

The first part was then to develop a simple circuit to test the microprocessor itself, without the 

many peripherals implemented on the development–kit. This resulted in a simple PCB with the 

microprocessor, a voltage regulator, input/output pins, some LEDs for debugging, and basic 

necessary components like decoupling capacitors and resistors. This board was used to test the 

different software units in order to find out if something had to be changed from the previous versions. 

One of the main differences was the change of some I/O pin’s input impedance caused by all the 

peripherals connected to the development board. Since all of the microprocessors available I/O:s was  

available on the new test board, this was not only used together with the test circuits developed for 

the unit tests, but also to connect the other parts of the final product, developed by the other teams, 

and test the whole unit. When these tests were considered successful, the next step was to create a 
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layout for the entire experiment, following the design requirements for the MIST satellite, see 

Appendix E. The schematics and the PCB layout were created using the free software DipTrace[18]. 

3.5 Experimental design/Planned Measurements 

A test plan for the software is given in Appendix B.  

3.5.1 Evaluation board 

The STM32L0-Discovery[19] board (Figure 2) was used to test the initialization of the 

peripherals and communication protocols. The test programs were based on the demo 

programs available from the manufacturer and edited to mimic the behavior that we would 

expect from the final product. The I2C communication was tested between two Discovery 

boards, the ADC was tested by feeding the different channels from a signal generator, or a 

basic voltage divider circuit and the DAC was tested by simply measuring the output with a 

voltage meter. 

 

 

 

 

  

 

3.5.2 The microcontroller experimental PCB 

This PCB features only the processor and the necessary components like decoupling 

capacitors and filters (Figure 3). All of the available I/O:s are routed to connectors, to allow 

the experimental card to be connected to other components or breadboards. The initial tests 

on this board were the same as the ones made on the Discovery board. After that, the board 

was connected to a test circuit similar to the one later developed for the actual experiment, 

and test readings of this circuit were made. The results were also sent via a UART serial 

interface to a PC and displayed graphically in an application created in a software 

environment called Processing. 

 

 

 

 

 

 

 

 

 

 

Figure 2 - STM32L0 Discovery 

Figure 3 - Experimental PCB, approx. 50X50 mm 
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3.5.3 The Prototype PCB 

The prototype PCB (Figure 4) is a prototype version of the final circuit to be used in the 

experiment, including the MCU, the test circuit, and the power supply. The tests conducted 

here were basically the same as with the experimental PCB mentioned above. Apart from that, 

the power consumption on both the MCU power supply and the power supply providing the 

test circuit with 10V was tested be measured by reading the voltage drop across a small 

resistor in series with the power supply input.  

 

 

Figure 4 - Prototype PCB, approx. 94X94 mm 
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4 System design and implementation. 

4.1 Choice of MCU 

The MCU market is big. Huge in fact. There are numerous of producers each with hundreds of 

different models for different purposes and solutions. The first step in choosing what MCU to use in 

the SiC and MOREBAC project is therefore to establish some requirements. There are three main 

areas to consider: the environment in which the MCU will operate, the power consumption, and the 

number of available ADC channels to be able to test as many inputs as required.  

4.1.1 Environment 

The MCU will operate on a satellite in LEO. As mentioned earlier, the estimated temperature span for 

the experiment is -2 to +30 degrees Celsius. Most commercial MCU are specified for -40 to +85, or 

better, so no extra consideration should have to be taken to operating temperature requirements. 

According to the data available from the MIST -project, the background radiation in LOE does not 

exceed what standard commercial components can handle, so most MCUs would be suitable. Finally, 

the vacuum. The main effect on components in a vacuum is the lack of heat radiation. This matter 

should have been taken into consideration in the thermal control calculation, and therefore, should 

the above-mentioned temperature range of the experiment still be valid. 

4.1.2 Power consumption 

Since the only power source for the satellite is its solar panels, and a battery storing energy from those, 

each of the experiment should try to consume as little power as possible. Therefore, the power 

consumption of the MCU is highly prioritized, and should be kept to a minimum. Besides choosing 

an MCU with a naturally low power consumption due to its physical construction, the configuration 

of the processor will also be important. The MCU must have the possibility to run on a very low 

frequency, and also any unnecessary features an I/O:s must be able to be switched off. Most producers 

have “Ultra Low Power” series of MCU, and these should be considered.  

4.1.3 Analog and digital interface and peripherals 

The owner of the SiC project asked for an Analog to Digital Converter (ADC) with at least ten channels, 

to make room for a few different experiments to be carried out. The ADCs should also have at least 

10-bit resolution to provide sufficient precision. Besides the ADC input, the number of I/O should be 

kept to a minimum to keep the size of the MCU footprint small, due to the limited space on the PCB. 

Besides the ADC, the test method chosen for the components requires a variable voltage source, to 

generate different base currents to the test circuit. This requires the MCU to have at least one Digital 

to Analog Converter (DAC).  

After taking all the requirements above into consideration there are still a lot of MCUs to choose 

from, most of them offering similar specifications and features. 

The final choice of MCU for this project was the STM32L053C6 from ST Microelectronics[20]. 

This decision was made due to two major factors. First, the writers have previous experience of 

working with MCUs from ST Microelectronics, and therefore, no unnecessary time have to be spent 

on getting to know new developing tools and API:s. Also, there is a development kit based on the same 

processor available, “STM32L0538 - Discovery”, allowing most of the code to be tested in an early 

phase of the project, without having to create a temporary PCB for testing purposes. 
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Other advantages of the chosen processor are low power consumption (88uA/MHz), a 

7x7mm/48pin LQFP package, a 10 channel/12 bit ADC, one 12bit DAC and a minimum clock speed 

of 65kHz. 

4.2 Software Design 

The complete code for the experiment is available on GitHub. Links to these are provided in Appendix 

D 

4.2.1 STM32CubeMX and the HAL-library 

In the beginning of the software development, the previous mentioned software tool STM32CubeMX 

is used to generate a lot of the initialization code. The software allows the user to choose configuration 

parameters like what functions to use for the different input and output pins, what clock speed to use, 

or what interrupts to listen to. The generated code can then, of course, be modified during the 

software development if circumstances change or new features are needed. Most of the code 

generated by CubeMX, as well as a lot of the code used during the development phase of this project, 

is based on a Hardware Abstraction Layer (HAL) library provided by the microcontroller 

manufacturer ST-Microelectronics[21]. The HAL-library is used to simplify the hardware part of the 

code, that is, all the code written intended to use or manipulate the MCU or any peripherals. 

4.2.2 Main Program 

Since the task for the main program is very straight forward, no real-time operating system (RTOS) 

or watchdog is needed. The basic task for the program, as a function of time, is shown in Figure 5. 

 

 

 

 

 

 

 

 

 

 

 

When the supply power is turned on for the experiment, the software begins performing the test 

by setting the DAC to four different voltage levels, while reading the results from the test circuit with 

the ADCs. When all tests have been performed and handled, the program enters the low power STOP-

mode, until the power supply of the experiment is turned off.  

A more comprehensive flow chart of the program is shown in Figure 6. 

 

Figure 5 - Basic task of main program 
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4.2.3 Initialization 

When the power is turned on, the software initializes the peripherals (the ADCs and the DAC), and 

the clocks. The internal multispeed oscillator is used as System Clock, configured to run at 524 kHz. 

The clock speed of 524 kHz were chosen for two main reasons; it was the lowest clock speed where 

the ADC:s still performed as expected, and, since the I2C communication runs at 100kHz, a clock 

speed to close to that value would enhance the risk of failure during communication with the OBC. 

Since a low clock speed lowers the power consumption, but also make the execution time of the 

program longer, the net power consumption would be about the same. However, since a large part of 

the runtime consists of forced delays, caused by the analog components on the test circuit, the actual 

gain in execution time for the whole test is negligible, and therefore, a low clock speed is the better 

choice. When the peripherals and the clock is initialized the software wait for the message from the 

OBC, that they are expecting data from our experiment.  

In order to minimize the power used on the battery bus, the voltage regulator that regulates the 

supply voltage for the test circuit itself is turned on by software just as the experiment starts, and 

turned off as soon as the measurements are done. 

Figure 6 - Flowchart of main program 
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4.2.4 ADC Initialization  

The ADC is configured in continuous conversion mode[22, p. 313]. In this mode, all ADC ports that 

should be read are initialized as the program starts up. When ADSTART is called, all ADC ports are 

read in sequence. After each read, the EOC (End of Conversion) flag is set in the ISR register, and the 

value is stored in the register DR. By reading the DR register after each EOC flag, all enabled ADCs 

can be read in a quick fashion. When all ADC channels are read, the EOS (End of Sequence) flag is 

set.  

  

4.2.5 Measurement loop 

When the experiment starts, the DAC is set to the first value, 3.1 V. Since the DAC has a 12-bit 

resolution, passing 0x000 to the DAC is equal to 0 V, and 0xFFF is equal to 3.3 V.  

The voltage level of the DAC as a function of the provided argument Value can be calculated as 

shown in equation 1. From this follows that we can calculate the argument Value as a function of the 

voltage provided from the DAC as shown in equation 2. 

𝑉𝐷𝐴𝐶(𝑉𝑎𝑙𝑢𝑒) =
𝑉𝑎𝑙𝑢𝑒

4095
∗ 𝑉𝐷𝐷                                                   (1) 

𝑉𝑎𝑙𝑢𝑒(𝑉𝐷𝐴𝐶) =
4095 ∗ 𝑉𝐷𝐴𝐶

𝑉𝐷𝐷
                                                  (2) 

With the supply voltage VDD at 3.3 Volts, the four voltage levels are calculated and shown in Fel! 

Hittar inte referenskälla.. 

Table 1 - Calculated DAC values 

Desired voltage (V) DAC value (DEC) DAC value (HEX) 

3.1  3847 0xF07 

2.1 2606 0xA2E 

1.1 1365 0x555 

0.5 620 0x26C 

 

The voltage levels chosen is based on suggestions from the experiment design team, and is subject 

to revision. After each voltage is set on the DAC, all eight points of measurements are read with the 

ADC. The measurements are explained in  and Figure 8 

Figure 7 - ADC register flow 
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Table 2 - Measurement points 

ADC Channel Measurement 

0 Temperature sensor, Si BJT 

1 VBE, Si BJT  

2 VRB, Si BJT 

3 VRC, Si BJT 

4 Temperature sensor, SiC BJT 

5 VBE, SiC BJT  

6 VRB, SiC BJT 

7 VRC, SiC BJT 

 

  

All points are measured 16 times in quick succession. These sum of the 16 measurements for each 

point is stored in a struct, consisting of one field per measurement.  

When the measurements are done, the DAC is set to zero volts for a period of 2 ms. This is done 

due to a requirement from the experiment design team since the transistors run a risk of overheating 

if the power is turned on for too long. After this delay, the DAC is set to the next value, and the 

measurement loop runs again. The resulting values from each voltage level are stored in separate 

structs.  

4.2.6 Calculating average 

Important to note is that doing exactly 16 readings to compute an average have a few advantages. First 

of all, taking several measurements and computing the average reduces the risk of incorrect readings. 

By letting the number of readings be a power of two, in this case, 24, it is possible to shift the 

accumulated value four steps to get the average. The reason to choose 24, and not for example 25, 

makes it possible to store the data in a 16-bit unsigned integer. Since the ADC has a resolution of 12 

bits, the highest value we can read, 3.3 V, is represented as 0xFFF16 (409510). When accumulating 16 

of these values, the highest possible reading would be 0xFEE216 (6525010), which still fits within 16 

bits, where the maximum value is 0xFFFF16 (6553510). If we were to use 25 readings, the highest 

possible value would be 0x1FFE016 (13104010), which would need a 32-bit integer to be stored.  So, by 

shifting all the read values in the structs by 4 bits to the right, the average measurements are obtained. 

 

4.2.7 Creation of I2C Data Package 

The I2C message has to follow a set structure, decided by the OBC team. The first 4 bytes must contain 

the length of the message to be sent. Those 4 bytes should not be included in the length. The following 

bytes must be the payload. The last byte must be a checksum based on the payload. A simple modular 

checksum is used.  

 

 

Figure 8 - Illustration of measurement points. 
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Byte 0 Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7 … Byte n 

Length Length Length Length Payload Payload Payload Payload Payload Checksum 

Figure 9 - I2C message example 

Since our data is stored in 16 bits integers, all values will be represented by two bytes. The size of 

our payload is represented in four bytes as 0X00000041, as shown in equation 3. 

𝑆𝑖𝑧𝑒 (𝑏𝑦𝑡𝑒𝑠) = 𝐴𝐷𝐶 𝑅𝑒𝑎𝑑𝑖𝑛𝑔𝑠 ∗ (𝐷𝐴𝐶 𝑙𝑒𝑣𝑒𝑙𝑠 ∗ 2) + 𝐶ℎ𝑒𝑐𝑘𝑠𝑢𝑚 = 8 ∗ 4 ∗ 2 + 1 =  6510 = 0𝑋0000004116         (3) 

All our measurements will have a value between 0x000 and 0xFFF, and will as such always fit 

within two bytes. For example, the value 0xFFF can be represented in two bytes as shown in Figure 

10 

Byte 0 Byte 1 

0x0F 0xFF 

Figure 10 - Payload example 

All measured values are packaged in this fashion. At the same time, all values are added to a single 

8-bit unsigned integer. As this integer overflows, it will represent the modular checksum of our 

message. This is then added to the end of the message. An example of how this complete package 

might look can be seen in Appendix C. 

4.2.8 Sending message and entering STOP-mode 

The last important step is to send the data to the OBC using the 12C protocol. Since the experiment is 

configured as an I2C slave, it cannot request to send data. Instead, the master (the OBC in this case), 

must request to receive data from the experiment. To handle this, the software sets itself in a state 

where it is polling for an I2C read request. After the data has been sent, the software puts the MCU in 

the so-called STOP-mode. In this mode, the processor draws very little current (about 1µA), and this 

is used to minimize the power consumption for the time between the I2C message is sent, and the 

OBC shut down the experiment by disconnecting the power. The STOP-mode is entered in two stages. 

First, all peripheral clocks are disabled, and the “Ultra Low Power” mode is enabled with a call to the 

I2C message example  

HAL_PWREx_EnableUltraLowPower(); 

After that, stop mode is entered using:  

HAL_PWR_EnterSTOPMode(PWR_LOWPOWERREGULATOR_ON, PWR_STOPENTRY_WFI) 

 



System design and implementation. | 21 

21 
 

4.3 Analyzing software 

In order to validate the measured data, and test the format of the I2C package, a secondary software 

was developed, as seen in Figure 11. The software was developed with a development tool called 

Processing (www.processing.org). 

The main purpose of this program was to show the measured values in a graphical and easy to 

read way. The program communicates directly with the experiment PCB via USART, where it receives 

a message identical to the one sent to the OBC via I2C. This USART connection is of course not 

implemented in the final version of the software and is therefore not explained in this report. This 

did, however, give us the opportunity to define a method to read the data in the message, and calculate 

the voltages read, along with the temperature.    

Reading the data package 

The basic structure of the data package is explained in chapter 4.1.6. In order to read the data, the 

bytes has to be stitched together. This is done by shifting the first byte eight bits to the right, and then 

add them together with the bitwise operator OR.  Written as code, it would look like: 

int value = ((byte1 << 8)|(byte2)); 

The bitwise OR operator can be described mathematically as shown in equation 3, where b is the 

number of bits, in this case, 16, and x and y are the two bytes.  

𝑥 𝑂𝑅 𝑦 =  ∑ 2𝑛𝑏
𝑛=0 [[[(⌊

𝑥

2𝑛⌋ 𝑚𝑜𝑑2) + (⌊
𝑦

2𝑛⌋ 𝑚𝑜𝑑2) 𝑚𝑜𝑑2] + (⌊
𝑥

2𝑛⌋ 𝑚𝑜𝑑2) (⌊
𝑦

2𝑛⌋ 𝑚𝑜𝑑2)] 𝑚𝑜𝑑2]  (3)     

 

This would then yield an integer value. For the voltage levels, this can be calculated as shown in 

equation 4. 

 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 =
𝑉𝑎𝑙𝑢𝑒

4095
∗ 3.3                                                                                                 (4) 

Figure 11 - Example of data read with analyzing software. Only showing data from one of the transistors (Si BJT). 

http://www.processing.org)/
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These voltages can be used further to calculate beta (). This is explained in more detail by 

Eriksson and Silverudd[5]. 

The temperature based on the voltage read on the temperature sensors can either be read using 

the table in the data sheet for the thermometer [23], or be calculated with equation 5, which is a 

parabolic equation derived from the same table.  

𝑇 =
8.194 − √(−8.194)2 + 4 ∗ 0.00262 ∗ (1324 − 𝑉𝑇𝐸𝑀𝑃(𝑚𝑉))

2 ∗ −0.00262
+ 30                                                  (5) 

4.4 Hardware Design 

4.4.1 Schematics and PCB – Evaluation board circuit 

During development, a schematic (Figure 13) and PCB (Figure 12) was created for testing purposes 

only. This design was equipped with pin headers connected to all used inputs and outputs for the 

SWD connection, the ADCs, the DAC, the I2C and the USART connections. The schematics also 

included four LEDs for testing purposes, and an LED to indicate that the supply voltage is applied, 

and a reset button. 

 

 

 

 

 

 

 

 

 

    

Figure 12 - Front and back of experimental PCB 
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In order to ensure correct functionality of the MCU, a few external components are needed. The 

choice of placement and values of these components are based on the design recommendations 

provided by the manufacturer of the microprocessor, ST-Microelectronics. Decoupling capacitors are 

used between all VDD/VSS-pair, i.e. the MCU supply voltage of 3.3 V, in order to lessen the interference 

on the power supply to the MCU [24, p. 25]. One 100 nF ceramic capacitor is used for each VDD/VSS-

pair, and one ceramic 10 µF is used in parallel with those. Since the VDDA is supplied by the same 

source as the VDD signal, a filter consisting of one ferrite and two capacitors is used to filter out high-

frequency noise. The capacitors used are one ceramic 100 nF and one ceramic 1 µF. A capacitor is also 

used to remove parasitic resets on the reset button. A 100 nF ceramic capacitor is used[25, p. 92].  

Since it was not yet decided whether or not our experiment would be supplied with 3.3 V or 5 V, 

the first test design for the MCU PCB includes a voltage regulator, to step the voltage down from 5 V 

to 3.3 V. The performance of the voltage regulator became an issue, since the quiescent current 

consumption of most linear voltage regulators is substantially greater than the consumption of the 

MCU itself.  

The first voltage regulator chosen was the popular LM1117, often used in similar situations, 

stepping down external power sources from up to 20 V [25], down to the 3.3 V most MCUs uses. This 

proved to be problematic since the LM1117 has a quiescent current of as much as 5-10 mA. Since the 

MCU only draws about 1 mA during the measurement phase, this was not acceptable. For this reason, 

a different voltage regulator, LT1129IST, was used. This met the important specifications and draws 

a quiescent current of about 50 µA[25].The effect of this change is discussed further in chapter 5.1.2.  

The voltage regulator needs some capacitors for optimal performance. The recommendation from 

Linear Technology is one capacitor between 1 µF and 10 µF between the input and ground, and one 

capacitor of at least 3.3 µF between the output and ground[25, p. 1]. For both of these, a 10 µF 

capacitor was used.  

On the test circuit, a 750 mA fuse is placed on the input to protect the whole circuit from a current 

overload.  

Figure 13 - Schematic of experiment circuit 
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4.4.2 Schematics and PCB - proposal for final design 

Other than the test circuit, a proposal for a final design was developed (Figure 15). This design has a 

few key differences from the previous design. Most notably, this design contains the complete 

experiment. This includes the test circuit for the transistors and the voltage regulator on the battery 

supply for this experiment. Information about those part of the experiment is available in [6] and [5].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In Figure 14, the complete schematic for the experiment is presented. It should be noted that the 

voltage clamps on the output of the measurement points, the diodes connecting to VSS and VDD, are 

not part of the final design since the same protection and configuration is implemented on the inside 

of the ADC ports on the MCU. 

The differences in the MCU part of the design is that the voltage regulator is removed since the 

most recent decision from the MIST team is that we will be supplied with 3.3V directly. The fuse is 

also removed since a fuse will be positioned at main power distribution of the satellite.  

Most parts that will not be useful in orbit are also removed. In this design, no LEDs are used, and 

all pin headers for the ADCs and the DAC are removed. The pin headers for the programming port, 

the I2C, the USART and the power supply are not removed. The I2C and power supply will be 

connected to the experiment via cables that could be soldered to the pin header connections. The 

USART connection will not be used on the final product, but is left on this design in order to simplify 

further testing and analysis. These pinouts could either be left unsoldered or be removed on a final 

design of the PCB. 

All used ADCs and the DAC is connected via traces on the PCB. A separate trace for the shutdown 

signal to the voltage regulator on the battery input is also incorporated in the design.  

Figure 14 - Schematics proposal for final design 
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The schematic also includes the reset button. This can be left unsoldered or removed for the final 

design.  

 

4.5 MOREBAC 

4.5.1 Hardware 

The hardware developed for the MOREBAC project is very similar to the first experimental PCB 

designed for the SiC in Space project. The purpose as said before, is to create a development board to 

replace the Arduino in the current test circuit used in the MOREBAC project. To do that a suitable 

MCU has to be picked out. Since the only real difference in requirements from those of the SiC project 

is the number of ADC needed, the obvious choice was a bigger version of the SiC processor, with 64 

pins, of which 16 can be used as ADCs. This processor is called STM32l053R6[26]. To make the card 

useful even for further experiments, we placed connector pins for all 16 ADC channels, as well as 

plenty of GPIO pins, allowing for most of the final MOREBAC experiment being developed using this 

PCB. The design and layout can then be used as a reference to the final design by the next student to 

work on the project. The final design of the board and the schematic can be seen in Figure 16. 

Figure 15 - Front and back of PCB design of proposal design 
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4.5.2 Software 

The original software for the MOREBAC test circuit was designed for an Arduino Nano and developed 

in the Arduino IDE. The experiment simply turned on a light, read the value from an optical sensor, 

then turn off the light and read the same sensor again.(Figure 17) The data was then sent via a serial 

interface and analyzed in another software developed in the program Processing. The software 

Figure 16 - PCB and schematics for MOREBAC design 
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developed for the new hardware is meant to be as identical to the original software as possible. Not 

only in functionality but in the structure of the code, making it easy for anyone comfortable in the 

Arduino environment to understand and modify the code. To achieve this, a lot of the available 

Arduino functions have been rewritten in regular C code, usable in the developing environment for 

the STM32 MCU. These function can be viewed as another abstraction layer on top of the existing 

libraries. 

  

Figure 17 - MOREBAC software flowchart 
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5 Analysis 

This chapter presents an analysis of major results and a discussion. 

5.1 Major results 

5.1.1 ADC and DAC performance 

A reasonable precision of the ADC and DAC is crucial for reliable results from the experiment. Since 

both the ADC and the DAC has a resolution of 12 bits, the maximum precision is calculated as shown 

in equation 6.  

𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑣𝑎𝑙𝑢𝑒 =
1

212
∗ 𝑉𝐷𝐷 =

1

4096
∗ 3.3 ≈ 0.8 𝑚𝑉                (6) 

The ADC is capable of measuring values between VSS ≤ VIn ≤ VDD, using the reference VDDA, where 

VDDA ≥ VDD [22, p. 299]. 

Measurements on the performance of the ADC is shown in Figure 18 and Figure 19. As can be 

seen, the ADC performs well according to the expected values, and the error is within the range 

specified in the datasheet. The error is calculated by comparing the value read by the ADC with the 

value measured directly on the test circuit with a voltage meter. 

 

Figure 18 - ADC readings vs. expected value 
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The DAC also performed as expected. An important thing to notice about the DAC output levels, which 

corresponds well to the data available in the reference manual, is that the specified output range of 

the DAC is from 0.2V to VREF - 0.2V[21, p. 98].  VREF, in the processor used, is the same as VDDA, the 

effective use of the DAC for this experiment from 0.2V to 3.1V. The desired voltage range from is 0.5V 

to 3V, making our configuration sufficient for the experiment. 

 

5.1.2 Power consumption 

The power consumption was measured in several ways, both on the separate test PCB and on the PCB 

with the complete experiment. The most exact readings were measured with a current meter hooked 

up in series with the power supply. The current meter used, a FLUKE 45 Digital Multimeter is not 

able to show any type of graph with current usage as a function of time. To be able to get a usable 

reading from this, the whole measurement loop in the program was placed in an infinite loop. In that 

way, a general idea of the average current used during runtime was obtained, at about 0.9 mA.  

In order to be able to see the current as a function of time, another solution was used. A resistor 

with 100.1 Ω was placed in series with the power supply, and the voltage drop across this resistor was 

measured with an oscilloscope configured in time rolling mode. The current and the power could then 

be calculated as shown in equation 7 and 8. 

𝐼 =  
𝑈

𝑅
        (7) 

𝑃 = 𝑈 ∗ 𝐼        (8) 

 

As was mentioned in 4.4.1, two solutions with voltage regulators will generate a voltage drop 

across the resistor, the supply voltage seen by the circuit is lower than what is actually supplied. When 

the supply voltage is 5V, and the regulator steps this down to 3.3V, a voltage drop of a few hundred 

Figure 19 - ADC relative measurement error 
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millivolts does not matter. However, when the supply voltage is 3.3V, the voltage drop across the 

resistor makes the MCU run at a lower voltage, which in turn might not draw the same current.  

 

 

 

 

 

 

 

 

 

In Figure 21, a current spike is visible when the supply voltage is turned on. This is most likely 

due to the decoupling capacitors charging up. This spike lasts for about 7 ms, and has a peak of about 

4090 mV, giving us a current of about 40.86 mA and a power consumption of about 204.3 mW. 

When the MCU enters STOP mode, the current consumed is at about 5.8 mA. From the datasheet 

of the MCU, we know that the power consumption should be about one order of magnitude less than 

the observed consumption, at about 1µA. This is due to the voltage regulator LM1117, which according 

to the datasheet has a quiescent current consumption of about 5-10mA. 

When changing the voltage regulator to LT1129, a significant decrease in power consumption can 

be noted.    

 

Table 3 - Current and power calculations, with LM1117 

Moment U (mV) R (Ω) I (mA) Time (ms) Power (mW) 

Spike 4090 100.1 40.86 7 204.30 

Initialization 575 100.1 5.74 20 28.72 

Measurement loop 640 100.1 6.40 360 31.97 

Clock shutdown 620 100.1 6.20 7.4 30.97 

STOP mode 580 100.1 5.80 -- 28.97 

Figure 21 - Voltage drop over resistor, with LM1117 voltage regulator 

Figure 20 - Voltage drop over 100ohm resistor during software runtime using LM1117 
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Even though we can see that the current consumption in stop mode still is well above 1µA, the 

maximum ratings for all parts of the program are significantly lower.  The reason that the initial spike 

is heavily reduced from the previous test is not as much a cause of the new voltage regulator, as of the 

fact that a 150 µF capacitor that was proven unnecessary was removed prior to this test. 

As can be seen in both of the tests above, the runtime of the entire experiment is about 200 ms. 

This, however, is only valid for the current configuration of the program and will probably not be valid 

for the final version even though the runtime is still expected to be of the same magnitude, a few 

hundred milliseconds. 

Important to note is that most of the power drawn by the experiment itself, comes from the 14V 

battery supply. With the battery power turned off, the MCU actually draws more power, since the DAC 

has to power the whole test circuit.  

 

5.2 Discussion 

In a project like this, it can be hard to evaluate what parts of the work being done actually will be 

relevant for the final project since the deadline for the whole project is so far in the future. In this 

thesis, much of the focus has been on measuring the performance of the ADC and the DAC and trying 

to get them to operate as fast as possible. During the first few weeks, this seemed to be of high 

Moment U (mV) R (Ω) I (mA) Time (ms) Power (mW) 

Spike 600 99.86 6.008411776 37 84.11776487 

Measurement loop 104 99.86 1.041458041 360 14.58041258 

Clock shutdown 70 99.86 0.7009813739 7.4 9.813739235 

STOP mode 34 99.86 0.3404766673 N/A 4.766673343 

Table 4 - Current and power calculations, with LT1129 

Figure 22 - Voltage drop over 100ohm resistor during software runtime using LT1129 
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importance, based on a fear that the transistors would heat up too quick. Times in the microsecond 

range was discussed. Towards the end of the experiment, this proved to be less important than 

anticipated, and times in the range of milliseconds seemed to work well. An interesting insight gained 

from the work on the ADC/DAC performance is about the HAL library. Even though it in many cases 

provide easy and fast development, it is not always the best way to go. If a lower abstraction level is 

used when coding, it gives you a deeper understanding of how the code and the microprocessor 

actually works, and allows for more optimized code, at the cost of more time having to be spent 

reading reference manuals and datasheets. 

Another part of the design that got a lot of focus was the power consumption. Although important 

both in respect of being able to give a precise value and in respect of using as little power as possible 

from the satellites battery, our experiment most likely uses a negligible amount of power compared 

to most other experiments. The focus of this did, however, reveal that we had an unnecessarily current 

draining voltage regulator, which we then could replace with a more suitable component.  

A big part of this thesis work was to develop and program the software. This was also problematic 

since the variables of the experiment have not yet been decided. At the moment, we measure two 

different components that we provide with four different voltage levels. In the final project, there 

might be more than two components, and there might be more or less than four different voltage 

levels that have to be provided. Since the software is very straightforward, these measurements 

represent the bulk of the software written. Seeing how the experiment might change in the final 

version, this might mean that much of the code written will have to be discarded.  

In the first few chapters of this thesis, the problematic environment in LEO is mentioned. The 

effect of this is not handled in this thesis other than used as a guideline when creating the initial 

requirement specification for the hardware components. Based on the information we have obtained 

both in the MIST project theses that were available at the beginning of this project, and on 

information gained at meetings with project teams working in parallel to this one, the main 

conclusion about the environment in which this experiment will operate, is that it will not be a big 

concern for the future development of this project. Still, the final product should be tested in 

environments tougher than the ones expected, to make sure it will function properly even if the actual 

circumstances prove to be even more extreme. The intention from the beginning was to do at least 

some kind of environmental testing, for example running the test circuit under a longer time to see if 

it still behaved in an expected way, and to test the PCB in an oven and a freezer to see how extreme 

temperatures would affect the execution of the program and if the power consumption would stay the 

same. However, none of these tests were done, mostly due to lack of time, and is left as future work 

for the project. 
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6 Conclusions and Future work 

6.1 Conclusions 

The basic goals described in 1.4 have all been met. However, much of what has been developed 

requires further work in order to be considered final. For example, even though a proposal for a final 

PCB has been made, a more finalized version has to be drawn. There are several aspects of the PCB 

design that are not optimal, like some traces that are unnecessarily long, and the placement of many 

components are not optimal. For example, a few of the decoupling capacitors are placed too far away. 

The current version of the PCB is missing one key component, the voltage regulator, designed by 

Simon Johansson[6], which used to step up the battery supply voltage to 48V for the Piezo LEGS. 

Still, the state the project is in now is very suitable for a new student to use as a starting point for the 

final work on the project. 

One of the important conclusions drawn from the project itself is the fact that when you work on 

a project that is heavily dependent on other projects developed in parallel, the exchange of updated 

information is crucial. It is also good to keep in mind that if whatever specifications you are using as 

a guideline for what you are developing are subject to change, don’t try to develop further than to the 

point where it meet your own requirements, but still are able to change and revert what you have 

done, without too much work. A good example of this the fact that when the project began, it was not 

yet decided whether this experiment would be supplied with 3.3V or with 5V, and if the experiment 

would be supplied with power only during the measurements, or if we would stay in an idle mode for 

some time. A similar situation arose with the OBC, regarding the exact specification of the I2C 

messages. These factors all resulted in time being spent on separate solutions for different situations 

and possibly delaying the development process. 

6.2 Limitations 

The main limiting factor in the project was the time constraint. One of the most important factors 

was that much of the important parts of the MIST project was being developed in parallel to this 

experiment resulting either redoing things when new specifications appeared, or working with 

different solutions at the same time, as mentioned above. 

The limitations of our results of the projects are mainly that no environmental tests have been 

done, so our measurements are only valid at room temperature, and so far we cannot say how relevant 

the work we have done during the entire project will actually be for the final product. 

 

6.3 Future work 

This chapter is one of the most important for the students taking over this project to finish the work 

on the experiment. Here, suggestions for future work are presented, based on what was not done 

during this part of the project. 

6.3.1 Hardware improvement 

The layout of the prototype board constructed in this project is in no way optimized, but rather just 

made to work and fulfill its purpose as a proof of concept. There are two main tasks to take care of 

when redesigning the PCB: 
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1. The step-up regulator developed by Johansson[6] to provide Piezo LEGS with 48 volts must 

be fitted on the final PCB. 

2. EMC regulations must be considered to be sure that the final experiment PCB that is put on 

the satellite is not susceptible to electromagnetic interference, or at risk of causing 

interference that may damage other experiments. Guidelines for this are available from the 

MIST team.  

 A suggestion that was discussed during the development but not realized because of the lack of 

time is to make the final version of the experiment as a 4-layer PCB rather than the current 2-layer 

version. This would be a good starting point in solving both of the above-mentioned concerns. A good 

idea would be to let an experienced designer evaluate the final design. 

The schematic for the final version also contains an error in the design provided by Matthias 

Ericsson and Johan Silverudd[5] that has to be corrected. This is the power supply to the operating 

amplifier named “OpUbe” that is not connected in the schematic, nor in the PCB layout. This is the 

reason for the two white wires that can be seen on the prototype board. 

In order to minimize the risk of bitflips in the MCU, the MCU could be placed in the middle of the 

PCB, letting the surrounding components and PCB give maximum shielding. With the same 

reasoning, the device under test could be placed closer to the edges of the PCB, since the effect of 

higher radiation might be interesting to measure.  

 

6.3.2 Software improvement 

The current software, just as the hardware, is not intended to be the final version for the entire 

experiment. The running time of the program can probably be shorter by removing delays that may 

or may not have to be there. To do this, some more testing of the DAC and ADC performance will have 

to be done.  

An optional task, if deemed necessary, would be to improve the precision of the ADC readings by 

introducing noise to the ADC channels. By creating a square wave with the MCU, for example by using 

one of the timers, and connecting this signal via a resistor and capacitor in series, a quasi-triangle 

wave can be generated. If this signal is connected in parallel with the input to the ADC, and an average 

is taken of this signal (just as in the current implementation of the code), a more accurate reading 

could be achieved. At this time, the 16 measurements taken are very likely to always have the same 

value, making the whole process of taking an average obsolete. 

The current program contains a lot of unused code such as small test functions. All this should be 

removed when implementing the final version of the code. 

The construction of the checksum for the I2C message is at the moment defined as a very simple 

modular checksum. Discussions with the OBC team is needed in order to confirm if this solution will 

work, or if a more advanced checksum must be implemented. 

The ADC is capable of reading the internal temperature of the MCU, without using a separate 

GPIO. This function could be implemented and used. If the MCU for some reason would overheat, 

this information would be useful not only for the SiC experiment but for the whole satellite since this 

would alter the expected thermal conditions of the satellite.  
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6.3.3 Software testing 

The current I2C communication is based on tests done between two STM32 microcontrollers 

configured as Master and Slave. To make sure the communications actually work, tests should be 

made with the actual OBC.  

Long term tests of the entire project should be considered to make sure the software behaves as 

expected every time it runs, even after longer periods of constant on and of switching of the MCUs 

power supply. 

6.3.4 Hardware Testing 

When evaluating the final power consumption for the whole experiment, new tests would have to be 

done, since the current tests are made without the SiC transistor being mounted on the PCB and used. 

By using the current software for the prototype board, or an improved version of the software, 

basic functionality testing of the whole circuit can be made. The next step is to test the functionality 

of the experiment in a spacelike environment. This means exposing the experiment to things like 

extreme temperature, vacuum, and radiation, and run the software while exposed to these 

circumstances. Most of these test could hopefully be done in a laboratory at KTH. If no such 

equipment can be accessed, at least extreme temperatures can be tested by using basic household 

equipment like a freezer and a household oven. These tests could be done using the prototype board, 

to evaluate the components used, but should also be made with the final PCB to test the experiment 

as a whole. 

Another important factor to test the final hardware for is vibrations. When the satellite is being 

launched the vibrations of the rocket is severe, and will require the physical construction of the 

experiment to be very rigid, and everything soldered and mounted to withstand those vibrations. Also, 

components like ceramic capacitors may be sensitive to vibrations. To avoid having the experiment 

damaged during launch, several tests should be made on the actual implementation of the 

experiment, to make sure nothing is loose or at risk of being damaged. 

The environmental tests can be conducted in several steps according to these document 

developed by NASA[27]. The testing for the SiC in Space experiment may not have to be as thorough 

as described there since the LEO environment is supposedly more forgiving, but if the possibility 

exists, as many tests as possible should be conducted.  

An important thing to remember when testing is that the main purpose of the experiment is to 

test the Silicon Carbide components in a space environment. Therefore, to improve the design of the 

experiment, other than to make sure that the components that are NOT under test are working 

properly, would make the test results less meaningful. 

6.3.5 Power supply 

At the time when this report is being printed, it is not yet confirmed whether the MCU on the 

experiment will be supplied with 5 or 3.3 Volts from the power supply on the satellite. In both cases, 

some work has to be done to make sure that the supply voltage is at the intended level for the 

processor. The current PCB layout is fitted with a 5 to 3.3V linear voltage converter. As mentioned in 

this report, the LM1117 used proved to have a higher power consumption than required. If the 

experiment will be supplied with 5 volts when mounted on the satellite, the LM1117 should be replaced 

by a lower power regulator, e.g. the LT 1129 as mentioned in chapter 5. If the component is replaced, 

it is important to redraw the schematic and PCB layout, since even if the two components are using 
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the same footprint, the pads are connected differently. A correct usage of this component can be found 

in the MOREBAC implementation of the PCB. 

If the supply voltage on the final version is 3.3V other things have to be taken into consideration. 

At the moment, the supply voltage for the MCU is the same as the supply and reference voltage for 

the ADC and DAC. (VDDA). This means that if the 3.3V from the battery is not stable, the reference 

voltage for the measurements will not be the one expected, and the measurements will not only be 

useless, but there will not be any indication that they are actually wrong. Possible solutions would be 

to run the MCU at a lower voltage, for example, 3.1 V. By regulating the 3.3 V down to 3.1V, the 

regulator could keep the signal steady at 3.1, even though the 3.3V signal is noisy. Another solution 

would be to run the MCU at 3.3 V, but to keep a reference voltage at a lower, steady level. This could 

then be read with the one remaining ADC input, and used as a reference for the other readings.  There 

are several workarounds for this problems, and one of the more important future work will be to solve 

this in the best way possible. 

 

6.4 Reflections – Benefits, ethics, and sustainability 

There is a growing concern of space debris in LEO. There are currently 22,000 space debris elements 

that are being tracked by the U.S surveillance networks [28]. This is seen as a big problem since the 

risk of the debris to collide with working satellites are getting higher. Space debris colliding with other 

space debris creates, even more, debris, making the problem bigger and bigger.  

Our satellite is, of course, a part of this problem. If all goes to plan, the satellite will burn up when re-

entering the atmosphere in a few years, but if the satellite were to collide with existing space debris, 

which is unlikely, but indeed possible, this would not only mean that our satellite is lost, it would also 

create even more debris. 

There are of course also benefits to be gained in this project. Thanks to the CubeSat initiative, 

projects like this are more feasible than ever. This gives us a possibility to conduct more experiments 

that can give us new knowledge about the world we live in and the space around us. With projects like 

these, institutions like KTH can start new space programs that push us further into the space age.  

While this particular CubeSat might not yield an economic return on investment, the experiments 

being done on SiC could help us learn new valuable insights that can be a part of further research in 

the field, which at some point might result in new products and new inventions.  

One ethical aspect that can be connected to space projects, in general, is that much of what is 

being developed are used for military or surveillance purposes. One example of this is that the U.S. 

Defense Advanced Research Project (DARPA) wants to use CubeSat satellites to create a new global 

communications network [29].  
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Appendix A - Requirements Specification 

The requirements specification for the microcontroller (MCU) unit and its functions, its schematics, 

application and documentation are listed below. Note that the requirements differ for SiC and 

MOREBAC. 

These requirements exceed what is accomplished in this report and in this iteration. These are the 

requirements for the complete launch ready experiments.  

 

1. Physical requirements MOREBAC/SiC 

 The size of the MCU and other needed components must be kept to a minimum. 

 All components must be suited for the surrounding environment in low earth orbit. 

 All components must be surface mounted. 

 The radiated heat from the components must be kept to a minimum. 

 The radiated electromagnetic forces from the circuit must be kept to a minimum.  

 The MCU must be fitted on a printed circuit board (PCB) together with the rest of the 

experiment, following the exact specification regarding size and mounting to be placed on 

the CubeSat Satellite.  

2. Power requirements MOREBAC/SiC 

 The power consumption of the MCU and the surrounding components must be kept to a 

minimum. 

 The total power used must be calculated with a precision of 0.05 W.  

 The MCU must be able to handle a supply voltage of 5 V. If the MCU has a maximum rating 

of less than that, the supply voltage has to be regulated to a suitable level. 

3. Interface requirements MOREBAC/SiC 

 The MCU must be able to communicate with the On Board Computer (OBC), using I2C. 

 The MCU must be equipped with enough analog-to-digital-converters (ADC) to read all 

measurements necessary for the experiment.  

4. Interface requirements SiC 

 The MCU must be equipped with a digital-to-analog-converter (DAC), to provide a variable 

voltage source for experiments. 

5. Software requirements MOREBAC/SiC 

 The software written for the MCU must follow the expected behavior set by the OBC: 

o When the power bus for the experiment is turned on, the MCU must start and 

perform its experiments and readings. 

o When communicating with the OBC, the program must use I2C and act in the 

following way: 

 The experiment must be set to slave in the I2C interface 

 The experiment must be able to act according to the message sent by the 

OBC 

 When sending a message to the OBC, the experiment must package the 

payload in the following way: 
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 The first four bytes must contain the length of the payload (in 

bytes). These bytes are not considered in the payload length. 

 Following those bytes, the data from the experiments are sent.  

 The end of the payload must be a checksum value.  

6. Software requirements SiC 

 The software must be able to provide a variable voltage source for the experiments.  

 The software must read the temperature for both experiments. 

 The software must be able to do three different measurements on both experiments 

 The software must be able to take several measurements in order to create an average 

reading. 

 The software must be able to control the voltage regulator that supplies power to the 

experiments.  

7. Software requirements MOREBAC 

 The software should perform the same tasks, in a similar fashion, as the one written for the 

Arduino version of the current MOREBAC experimental circuit. 

 The software should be easy to understand for the student who wrote the initial Arduino 

software, or to someone with equal or better knowledge about c-programming. 

 The software should be easy to expand to a more complex circuit, based around the 

MOREBC hardware developed in this project. 

8. Documentation 

 A document providing detailed information on how to read and use the collected data from 

the experiments must be produced.  

 A document detailing what applications has been used to create the software, the 

schematics, and the test environment, and how to correctly open and edit these files must 

be produced.  

9. Other 

 All code, schematics, and other documentation must be made available for continued work.  
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Appendix B - Test Plan 

These tests were conducted on the evaluation board from ST, the separate PCB and the final PCB 

proposal (where applicable). The test data shown in this thesis are the most relevant test situations.  

Test that was not possible to do is marked as Strikethrough. 

Basic software test 

 Initialization of code at different clock speeds. 

 Running of MCU in different run modes. 

Communication tests 

 Sending and receiving I2C messages between two separate boards. 

 Sending USART message to PC 

 Communicating with OBC via I2C 

ADC test cases 

 Measuring different voltage levels generated by separate source on a single ADC channel 

 Measuring different voltage levels generated by separate source on all ADC channels 

 Finding minimum stable ADC reading time 

 Measuring accuracy of ADC 

DAC test cases 

 Generating variable voltages from DAC, read on Oscilloscope 

 Defining maximum and minimum voltages  

DAC/ADC test cases 

 Measuring different voltages on ADC, generated by DAC 

Hardware test 

 Basic functionality of all components and connections 

 Power consumption measurements, with and without experiment running. 

o On MCU supply port with 3.3V  

o On MCU supply port with 5V 

Test on final PCB 

 Running of complete experiment with Silicon transistor attached.  

 Running of complete experiment with both Silicon and SiC transistor attached.  

Environmental tests 

 Temperature tests 

 Shake tests 

 Vacuum tests 
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Appendix C - I2C Message 

The I2C message follows the structure described below. Each block represents one byte of data. Numbers 

in parenthesis denote what byte of the value this is.  

 

Length (1) Length (2) Length (3) Length (4) Si Temp @ 
3.1V (1) 

Si Temp @ 
3.1V (2) 

Si VBE @ 
3.1 V (1) 

Si VBE @ 
3.1V (2) 

Si VRB @ 
3.1V (1) 

Si VRB @ 
3.1V (2) 

Si VRC @ 
3.1V (1) 

Si VRC @ 
3.1V (2) 

Si Temp @ 
2.1V (1) 

Si Temp @ 
2.1V (1) 

Si VBE @ 
2.1 V (1) 

Si VBE @ 
2.1V (2) 

Si VRB @ 
2.1V (1) 

Si VRB @ 
2.1V (2) 

Si VRC @ 
2.1V (1) 

Si VRC @ 
2.1V (2) 

Si Temp @ 
1.1V (1) 

Si Temp @ 
1.1V (1) 

Si VBE @ 1.1 
V (1) 

Si VBE @ 
1.1V (2) 

Si VRB @ 
1.1V (1) 

Si VRB @ 
1.1V (2) 

Si VRC @ 
1.1V (1) 

Si VRC @ 
1.1V (2) 

Si Temp @ 
0.5V (1) 

Si Temp @ 
0.5V (1) 

Si VBE @ 
0.5 V (1) 

Si VBE @ 
0.5V (2) 

Si VRB @ 
0.5V (1) 

Si VRB @ 
0.5V (2) 

Si VRC @ 
0.5V (1) 

Si VRC @ 
0.5V (2) 

SiC Temp 
@ 3.1V (1) 

SiC Temp 
@ 3.1V (2) 

SiC VBE @ 
3.1 V (1) 

SiC VBE @ 
3.1V (2) 

SiC VRB @ 
3.1V (1) 

SiC VRB @ 
3.1V (2) 

SiC VRC @ 
3.1V (1) 

SiC VRC @ 
3.1V (2) 

SiC Temp 
@ 2.1V (1) 

SiC Temp 
@ 2.1V (1) 

SiC VBE @ 
2.1 V (1) 

SiC VBE @ 
2.1V (2) 

SiC VRB @ 
2.1V (1) 

SiC VRB @ 
2.1V (2) 

SiC VRC @ 
2.1V (1) 

SiC VRC @ 
2.1V (2) 

SiC Temp 
@ 1.1V (1) 

SiC Temp 
@ 1.1V (1) 

SiC VBE @ 
1.1 V (1) 

SiC VBE @ 
1.1V (2) 

SiC VRB @ 
1.1V (1) 

SiC VRB @ 
1.1V (2) 

SiC VRC @ 
1.1V (1) 

SiC VRC @ 
1.1V (2) 

SiC Temp 
@ 0.5V (1) 

SiC Temp 
@ 0.5V (1) 

SiC VBE @ 
0.5 V (1) 

SiC VBE @ 
0.5V (2) 

SiC VRB @ 
0.5V (1) 

SiC VRB @ 
0.5V (2) 

SiC VRC @ 
0.5V (1) 

SiC VRC @ 
0.5V (2) 

Checksum  
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Appendix D - Source Code 

 

All codes are licensed under MIT license. (https://opensource.org/licenses/MIT) 

Note that in order to program or debug the final PCB versions of the experiment, a separate MCU capable 

of programming via SWDIO is required. A suggestion for such an MCU is “Discovery kit for STM32L0 

series with STM32L053C8 MCU” from ST. 

 

The code for the main program is available on GitHub: 

https://github.com/miandre/MiCSiC/tree/master/Master/SiCMiC 

To run this code, download Keil from http://www.keil.com/ and open MiCSiC/Master/SiCMiC/MDK-

ARM/SiCMiC.uvprojx 

 

The code for the MORBAC project is available on GitHub: 

https://github.com/miandre/MiCSiC/tree/master/MORBAC 

To run this code, download Keil from http://www.keil.com/ and open MiCSiC/MORBAC/MDK-ARM/ 

Morbac.uvprojx 

 

The code for the separate analyzing program is available on GitHub: 

https://github.com/Happsson/SiC-Analyzing 

To run this code, download and install Processing from https://processing.org/ and open 

SiC_reader.pde 

 

 

  

https://opensource.org/licenses/MIT
https://github.com/miandre/MiCSiC/tree/master/Master/SiCMiC
http://www.keil.com/
https://github.com/miandre/MiCSiC/tree/master/MORBAC
http://www.keil.com/
https://github.com/Happsson/SiC-Analyzing
https://processing.org/
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Appendix E - PCB dimensions for MIST experiment 

 

This schematic is developed by ISIS. 
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Appendix F - PCB Component List 

 

Component list MOREBAC PCB    Component list TEST PCB 

Name Type Value 

B1 Button RESET 

C1 CAP_0603 100 nF 

C5 CAP_0805 10 uF 

C6 CAP_0805 10 uF 

C7 CAP_0603 100 nF 

C8 CAP_0603 100 nF 

C9 C 157 SMD 150u 

C10 CAP_0603 100 nF 

C11 CAP_0603 100 nF 

C12 CAP_0805 1u 

C13 CAP_0603 100 nF 

DC_in DC_in   

F1 Fuse_1812 750mA 

I2C 644456-3 Pin-Header 

J1 1-644456-1 Pin-Header 

J2 1-644456-4 Pin-Header 

J5 SWD Pin-Header 

L2 Ferrit 0805 220 

Led0 LED_1609   

Led1 LED_1609   

Led2 LED_1609   

Led3 LED_1609   

Led4 LED_1609   

R1 RES_0603 220 

R2 RES_0603 220 

R3 RES_0603 220 

R4 RES_0603 220 

R5 RES_0603 220 

R6 RES_0603 10k 

R7 RES_0603 0 

R8 RES_0603 
0 (NOT 
NEEDED) 

U2 MCU, LQFP48 STM32L053C6 

U7 LM1117 3,3V 
 

 

  

Name Type Value 

B1 Button RESET 

C1 CAP_0603 100 nF 

C2 CAP_0805 10 uF 

C6 CAP_0805 10 uF 

C7 CAP_0603 100 nF 

C8 CAP_0603 100 nF 

C10 CAP_0603 100 nF 

C11 CAP_0603 100 nF 

C12 CAP_0805 1u 

C13 CAP_0603 100 nF 

DC_in DC_in   

F1 Fuse_1812 750mA 

GPIO0-7 644456-9 Pin-header 

I2C 644456-3 Pin-header 

J1 644456-9 Pin-header 

J2 644456-9 Pin-header 

J5 SWD Pin-header 

L2 Ferrit 0805 220 

Led0 LED_1609   

Led1 LED_1609   

R1 RES_0603 220 

R2 RES_0603 220 

R6 RES_0603 10k 

U3 STM32L053R6   

U7 LT1129 3,3V 
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Component list FINAL PCB 

Name Type Value 

10K1 RES_0603 1.1k 

10uF CAP_1206 10uF 

10uFu CAP_1206 10uF 

1nF CAP_0603 1nF 

47K RES_0603 47k 

750K RES_0603 750k 

B1 Button RESET 

C1 CAP_0603 100 nF 

C2 CAP_0603 0.1uF 

C3 CAP_0603 0.1uF 

C4 CAP_0603 0.1uF 

C5 CAP_0805 10 uF 

C6 CAP_0805 10 uF 

C7 CAP_0603 100 nF 

C8 CAP_0603 100 nF 

C10 CAP_0603 100 nF 

C11 CAP_0603 100 nF 

C12 CAP_0805 1u 

C13 CAP_0603 100 nF 

C1.1.1 CAP_0603 47pF 

C1.1.2 CAP_0603 470pF 

C1.1.3 CAP_0603 47pF 

C1.1.4 CAP_0603 1uF 

C1.1.5 CAP_0603 0.1uF 

C1.2.1 CAP_0603 47pF 

C1.2.2 CAP_0603 470pF 

C1.2.3 CAP_0603 47pF 

C1.2.4 CAP_0603 1uF 

C1.2.5 CAP_0603 0.1uF 

C2.1.1 CAP_0603 47pF 

C2.1.2 CAP_0603 470pF 

C2.1.3 CAP_0603 47pF 

C2.1.4 CAP_0603 1uF 

C2.1.5 CAP_0603 0.1uF 

C2.2.1 CAP_0603 47pF 

C2.2.2 CAP_0603 470pF 

C2.2.3 CAP_0603 47pF 

C2.2.4 CAP_0603 1uF 

C2.2.5 CAP_0603 0.1uF 

D1.1.1 1N4148WS   

D1.1.2 1N4148WS   

D1.2.1 1N4148WS   

D1.2.2 1N4148WS   

D2.1.1 1N4148WS   

D2.1.2 1N4148WS   

D2.2.1 1N4148WS   

D2.2.2 1N4148WS   

DC_in DC_in   

Diff1.1 AD8226ARZ   

Diff1.2 AD8226ARZ   

Diff2.1 AD8226ARZ   

Diff2.2 AD8226ARZ   

F1 Fuse_1812 750mA 

I2C 644456-3 Pin-header 

J5 SWD Pin-header 

L2 Ferrit 0805 220 

MMBT2369ALT1
G MMBT2369ALT1G   

Op1 LT1638HS8   

Op2 LT1638HS8   

OpUbe LT1638HS8   

OpUbe0 LT1638HS8   

Q1 FDC637AN   

Q2 FDC637AN   

R6 RES_0603 10k 

R7 RES_0603 0 

R.2.2 RES_0603 22k 

R1.1 RES_0603 10k 

R1.2 RES_0603 22k 

R1.1.1 RES_0603 4.02k 

R1.1.2 RES_0603 4.02k 

R1.1.3 RES_0603 10k 

R1.2.1 RES_0603 4.02k 

R1.2.2 RES_0603 4.02k 

R1.2.3 RES_0603 10k 

R2.1 RES_0603 10k 

R2.1.1 RES_0603 4.02k 

R2.1.2 RES_0603 4.02k 

R2.1.3 RES_0603 10k 

R2.2.1 RES_0603 4.02k 

R2.2.2 RES_0603 4.02k 
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R2.2.3 RES_0603 10k 

RB1.1 RES_0603 47k 

RB1.2 RES_0603 100k 

RB2.1 RES_0603 15k 

RB2.2 RES_0603 22k 

RC1 RES_0603 300 

RC2 RES_0603   

SiCBJT SiC-transistor   

Temp1 LMT85DCKT   

Temp2 LMT85DCKT   

U1 3062   

U2 MCU, LQFP48 
STM32L053C
6 

U7 LM1117 3,3V 

USART 644456-4 Pin-header 

Vin 644456-2 Pin-header 
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Appendix G - Schematics 

 

Figure 23 - Schematic for experimental / development PCB 



 Appendix G - Schematics | 49 

 
 

 
Figure 24 - Schematic for SiC in Space prototype PCB 
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Figure 25 - Schematic for MOREBAC PCB 
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