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Abstract 

The development Nanosatellites has experienced an enormous growth in these past years; 

becoming more complex and versatile. The NanoSat Lab, located in the Universitat 

Politècnica de Catalunya, aims to explore and develop innovative applications and remote 

sensing techniques based on standard nanosatellite platforms. Given that the satellite 

structure and capacity have huge limitations, the technologies developed must be compact 

whilst fulfilling the requirements and being cost efficient. 

The 3Cat-3 mission foresees the implementation of a high-speed downlink for being able 

to download recorded video from the satellite to the earth with a higher bit rate. 

This requires the usage of higher frequencies bands, tightening the link budget margin and 

decreasing the SNR at reception. Consequently, this thesis is set to developing an S-Band 

downlink taking advantage of Wi-Fi technologies already implemented and a conical helix 

antenna that must be compact. 
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Resum 

El desenvolupament de nanosatèl·lits ha experimentat un gran creixement aquests darrers 

anys; sent més complex i versàtil. El NanoSat Lab, localitzat a la Universitat Politècnica de 

Catalunya, pretén explorar i desenvolupar aplicacions innovadores i tècniques de 

teledetecció basades en plataformes estandarditzades de nanosatèl·lits. Donat que 

l'estructura del satèl·lit y la capacitat presenten grans limitacions, les tecnologies 

implementades han de ser compactes sempre complint amb els requeriments d'una 

manera econòmica. 

La missió del 3Cat-3 pretén implementar un enllaç descendent d'alta velocitat, per a 

possibilitar la descàrrega de vídeo gravat des del satèl·lit a la terra, utilitzant una taxa de 

bits més elevada. 

Per això es requereix el us de bandes de freqüència més elevades, reduint el marge del 

link budget i el SNR en recepció. En conseqüència, aquest treball pretén desenvolupar un 

enllaç descendent en banda S mitjançant la utilització de tecnologies Wi-Fi ja 

implementades i el desenvolupament d'una antena hèlice cònica que deu ser compacte.  
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Resumen 

El desarrollo de nanosatélites ha experimentado un gran crecimiento estos últimos años; 

siendo cada vez más complejo i versátil. El NanoSat Lab, situado en la Universidad 

Politécnica de Cataluña, pretende explorar i desarrollar aplicaciones innovadoras y 

técnicas de teledetección basadas en plataformas estandarizadas de nanosatélites. Dado 

que la estructura del satélite y la capacidad presentan grandes limitaciones, las 

tecnologías desarrolladas deben ser compactas siempre cumpliendo con los 

requerimientos y siendo económicas. 

La misión del 3Cat-3 pretende implementar un enlace descendente de alta velocidad, para 

posibilitar la descarga de video grabado desde el satélite a la tierra utilizando una tasa de 

bits más elevada. 

Para ello se requiere el uso de bandas de frecuencia más altas, reduciendo el margen del 

link budget y reduciendo el SNR en la recepción. En consecuencia, este trabajo pretende 

desarrollar un enlace descendente en banda S mediante la utilización de tecnologías Wi-

Fi ya implementadas y el desarrollo de una antena hélice cónica que debe ser compacta. 
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1. Introduction 

This chapter contains a brief introduction to the Cubesats history and the main constrains 

that could potentially have an impact in the development performed. It also provides an 

overview of the current state of the project and the requirements that the different 

components of project have to meet. 

1.1. Cubesats history 

The appearance of the Cubesat standard was proposed by Bob Twiggs and Jordi Puig-

Suari in 1999 [1]. The authors envisioned a small interface located between the launch 

vehicle and the small satellites called P-POD or Poly-Picosatellites Orbital Deployer. The 

original P-POD provides enough room to fit three Cubesats whose dimensions are 

approximately 11x10x10 cm3. 

The first Cubesats were launched in 2003 and by March 2017 there have been 614 

launches [2], amongst those 3Cat-2, the first satellite launched by the Polytechnic University 

of Catalonia. This satellite is the ancestor of the current projects the 3Cat-3 and the 3Cat-4. 

This project intends to develop the antennas for both satellites and the high speed 

communications board for 3Cat-3. 

1.2. Cubesat constrains 

The reduced size of Cubesats implies huge constrains to the subsystems and performance 

on the main subsystems conforming the satellite. 

The electrical power system has to ensure that the power requirements are met 

independently of the received solar radiation, this is generally achieved using Lithium-ion 

batteries. Solar panels are generally placed on the external walls of the satellite, 

nevertheless some recent missions have used deployable solar panels in order to obtain a 

larger surface [3], [4]. 

Another key component is the on-board computer which controls the payloads and 

manages most of the information. It has a low power consumption by having reduced 

horsepower and avoiding CPU demanding tasks. 

The attitude control is the system that enables the manoeuvring of the satellite; this system 

is essential specially when the satellite is first deployed, since it receives an asymmetrical 

impulse that makes the satellite tumble, so in order to detumble it, and eventually to orient 

it properly some missions require the use of and attitude control system. 

To determine the orientation and to change its attitude as desired, the satellite needs to 

have some type of orientation sensors such as gyroscopes, Sun sensors, Earth sensors 

and activators such as reaction wheels, magnetorquers, etc. 

The final main system, and the one this project is researching and developing is the 

communications. In order to establish communications with earth and to send data to the 

satellite has to rely on wireless telecommunications.  Due to the size constrains of the 
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satellite it is complicated to implement a small and directive antenna, so in order to receive 

the signal successfully, high-gain amplifiers are used in the Ground Station. 

1.3. High speed downlink requirements 

To ensure high bit rates and more amount of data transferred from the satellite to the earth, 

it is necessary the use of high frequencies. In order to ensure simplicity and broad 

availability of components the high speed communication system implemented takes 

advantage of properly tuned Wi-Fi technology, that works 2,47 GHz. 

This frequency band belongs to the S-Band, which ranges from 2 up to 4 GHz; so the 

development of this project is based around implementing an antenna and a board that 

processes and amplifies the data, the whole system has to be no larger than 0,5U Cubesat, 

10x10x5 cm3. Those two subsystems are explained in further detail below. 

1.3.1. S Band Antenna 

The antenna has three main requirements to meet; it has to be compact and space efficient 

while ensuring a gain of at least 12 dB and having circular polarisation in order to diminish 

the ionospheric Faraday rotation and having a large field of view from the ground station. 

The initial idea was to design an helix antenna folded so that one spiral was on top of 

another, so during a subject named ‘Projecte Avançat d’Enginyeria’ a prototype of an S-

Band Helix antenna was performed by the author. 

The next step was to design a conical helix antenna with a much thinner wire diameter, so 

that it can be completely foldable into a spiral while providing the 12 dB of directivity 

required. 

1.3.2. High Speed Communications Board 

The system requires a communications board to process and transmit the information to 

the antenna, in order to do that two commercial Wi-Fi boards are used. 

In order to accomplish the link budget, the system needs to ensure at least 30 dBm of 

transmitted power, this requirement is fulfilled by using a standard Wi-Fi dongle and a Wi-

Fi booster. 

Once again during ‘Projecte Avançat d’Enginyeria’ the author designed a Cubesat sized 

box that hold both boards and connected one and the other, unfortunately the system did 

not work properly together, so another companion did a complete characterisation of both 

boards in order to make the system perform as desired. 

The future approach was to assemble both boards into a printed circuit board and make 

the system fully functional, while making it compact. 

1.4. Work plan, milestones and Gantt 

The information concerning this section can be found in “Appendix I. Work plan, milestones 

and Gantt”.  
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2. State of the art 

This section aims at providing a brief background on the research performed both for helix 

antennas and S-band communications. 

2.1. Helix Antennas for Nanosatellites 

2.1.1. GOMX-3 

This is a 3U Cubesat [5] launched in October, 2015. The satellite incorporates a deployable 

helix antenna used to collect ADS-B signals. The deployment of this antenna was 

successfully done on the second day of the mission. This satellite does not have any 

communications system at S-band, even though it has at L and X bands. 

2.1.2. HCTs Helios Deployable Antenna 

This is a quadrifilar helical antenna commercialised by Helical 

Communication Technologies [6]. This antenna includes an 

electrically powered deployment system and it can be developed 

to operate between 400 MHz and up to 3000 MHz; since it is a 

helix it can be arranged either for right hand or left hand circularly 

polarized. 

As it is described by the manufacturer, this antenna can 

accommodate several operational purposes from near 

hemispherical coverage to narrow beamwidths, including ISO-

FLUX beam patterns. 

This antenna has a price tag of 11000$ [7]. 

 

2.2. S-Band Transmitter Boards for Nanosatellites 

2.2.1. ISIS TXS S-Band Transmitter 

This transmitter is designed to be a Cubesat standard transmitter [8], that works at S-band 

frequencies, from 2100 MHz to 2500 MHz, and supports BPSK or GMSK modulation 

schemes. TXS is able to provide downlink rates up to 100kbps, while having a low power 

consumption. 

Figure 1. GOMX-3 3U Cubesat 

Figure 2. HCTs quadrifilar 
helical antenna 



 

 4 

This board is commercially available at a price of 8500$. 

2.2.2. CPUT S-Band Cubesat Transmitter 

As the transmitter mentioned before, it is specifically designed for Cubesat missions and 

claims to be ideal for space missions where a high data-rate is required. It implements a 

QPSK modulation with transmission data rates of up to 2 Mbps. This product is compatible 

with low-cost commercial receivers since it uses an open network encoding scheme based 

on the IntelSAT IESS-308. The transmit output power is adjustable from 24 dB to 30 dB. 

It can be purchased at a price of 8900$ [9]. 

  

Figure 3. TXS S-Band transmitter 

Figure 4. CPUT S-Band transmitter 



 

 5 

3. Methodology 

This section contains the information regarding the research and design process performed 

throughout the extent of this project.  

3.1. Antenna Design 

The system requires a compact antenna that is able to provide around 13 dB of gain, in 

order to ensure that directivity, one of the best options is using a helix antenna and to make 

it compact, the idea is to give it a conical shape, so that the antenna can be folded into a 

spiral.  

3.1.1. Theoretical background 

To design an helix antenna, there are several measurements to consider, the first one is 

the external diameter, the second one is the internal diameter of the antenna and the third 

is the pitch angle, which varies the height of the spring and the spacing between turns; an 

additional parameter to consider is the number of turns. In Figure 5 there is a detailed 

representation of the different parameters.  

The design of a regular helix antenna is quite simple, since the diameter (D) and the 

spacing between turns (S) are dependent on the frequency (f) as it can be seen in the 

following equations.  

𝜆 =
𝑐

𝑓
= 12,5 𝑐𝑚;    𝐷 =

𝜆

𝜋
= 3,13 𝑐𝑚;    𝑆 =

𝜆

4
= 3,125 𝑐𝑚  (1) 

Given the fact that in a conical helix antenna each turn has a different diameter size, some 

turns resonate at frequencies below and some at frequencies above the desired centre 

frequency. This provides the antenna with a wider bandwidth while diminishing the 

directivity since there are less turns that resonate at a certain frequency. 

Since the conical helix has a complete different configuration and there is not a set of 

formulas to calculate the measurements of the antenna, to ensure that it meets all the 

Figure 5. Parameters of a conical helix antenna 
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requirements the design has been done numerically, first calculating different 

measurements, then designing the antenna and assembling it with the structure of the 

Cubesat and finally simulating and analysing the radiation pattern and directivity. 

3.1.2. Antenna simulations  

The simulations meet the purpose of ensuring that the antenna has enough gain even with 

the constrains that the Nanosatellite's structure imposes.  

The design process of the antenna has been quite challenging, Matlab was used to 

calculate the measurements of the different antennas considering the parameters 

mentioned in section 3.1.1, then Solidworks was used to create the 3D model of the 

antennas and the assembly with the ground plane.  

The final step was to simulate this assembly with CST Studio Suite, which provides 

information about the radiation behaviour. It should be noted that each simulation needed 

approximately 2 hours of processing time, to check the technical characteristics of the 

computer used please refer to Appendix II.II.  

The first approach was to select the material. The material of the antenna has to have low 

losses to achieve a good radiating performance. In order to determine the material, the 

same antenna was simulated with different materials, the comparison of the gain using 

different materials can be seen in Table 1 the antenna is set to be gold plated, since it is 

the material that performs the best and does not get rusted.  

Table 1. Gain of the antenna with different materials 

Material Gain (dB) 

Steel 8 

Nickel 6 

Copper 10,33 

Gold 10,5 

The section of the material has to be as thin as possible, to ensure the compactness of the 

antenna. The initial approach was to have a section of half a millimetre, but due to the 

impossibility to manufacture a spring with those characteristics the diameter had to be 1mm.  

The first simulations were performed just considering a Ground Plane with the size of a 

nanosatellite, 98 mm by 98 mm. These simulations and the results can be found in Annex 

II.I. The final antenna has the following parameters.  

∅𝑖𝑛𝑡 = 25,4𝑚𝑚;     ∅𝑒𝑥𝑡 = 54𝑚𝑚;      𝑝𝑖𝑡𝑐ℎ = 7°;      𝑁 = 11 𝑡𝑢𝑟𝑛𝑠  (2) 

The diameter that a regular helix antenna stands in the middle of the external and internal 

diameters obtained, this way there is a greater number of turns that resonate approximately 

at the desired frequency.  
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The antenna with the regular ground plane has a directivity of 12,97 dB. The assembly and 

the radiation pattern can be seen in Figure 6. 

Once this simulation was performed the next step was to see the effect that the Cubesat's 

structure would have on the directivity of the antenna, so a simulation considering the whole 

structure and solar panels was performed. The result is that there is a small decrease in 

the directivity being 12,51 dB.  

Figure 6. Antenna simulated (left) and 3D Radiation pattern (right) 

Figure 7. Antenna simulated with structure (left) and 3D Radiation pattern (right) 
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The final simulation performed considers a dielectric piece on the last turn of the antenna, 

as it can be seen in Figure 8. This dielectric slightly enhances the directivity of the antenna 

by directing the main lobe on the interested direction. The directivity obtained is 12,59 dB.  

Besides increasing the directivity, the dielectric can also perform as a counterweight. This 

counterweight can be used by the attitude control and determination system (ADCS), since 

the counterweight and the helix antenna can act as a gravity boom, this method is used in 

an ongoing project that is being developed in the NanoSat Lab, the 
3
Cat-4. More 

information regarding this mission and the take of the author on it can be found in Appendix 

IV. Design and Implementation of an L-Band Conical Helix Antenna for 3Cat-4. 

3.1.3. Ground Plane 

The ground plane of the antenna has to be designed considering a manner to assemble 

the antenna, a connector to take as an input the output signal from the high speed 

communications board, the matching network of the antenna should also be included. 

Given that the antenna is quite fragile and the fact that the matching network may need 

several iterations the ground plane has been divided into two PCBs. 

The first PCB contains small holes to attach the antenna to the PCB whilst shortcutting the 

last turn, so that small pieces of wire can be welded to sustain the antenna. 

The second PCB has two connectors one that gets the input signal from the booster board 

and another that interfaces with the antenna. In between the two connectors, a matching 

network will be placed. 

Figure 8. Antenna assembly with structure and counterweight (left) and Radiation pattern (right) 
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The approach to matching the antenna is either by implementing a  network with inductors 

and capacitors or using a much appropriate method for the frequency the system works on 

such as stubs and lambda fourth lines. In Figure 8 there can be seen both implementations. 

In Figure 10 it can be seen the assembly of both PCB conforming the ground plane, with 

the shape of the top side of the satellite. 

3.2. High Speed Communications Board 

In order to implement the communications board, the system takes advantage of the 

technologies already implemented for the Wi-Fi protocol although properly modified to 

eliminate timeouts and acknowledgements, developed by Maties Pons [13]. The boards 

used and the circuitry needed for their assembly are explained in this section.  

Figure 10. Ground plane 

Figure 9. Pi matching network (left) and Stubs matching network (right) 
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3.2.1. Circuit Design 

The PCB is designed with the standard board shape that is being implemented in all boards 

for the 3CAT3, this standard is the 3Cat-NXT. This board includes two buses at either sides, 

one provides different power signals and their corresponding grounds whilst the other has 

all the data signals. For more information about this standard please refer to [10]. 

The board has the following components: 

- DC/DC: transforms an input voltage of 12V, taken from the power bus, into 5V. The 

chip used is the TPS62141from Texas Instruments, a step-down converter with 

adjustable output voltage, depending on the configuration of the inputs. 

- Wi-Fi Dongle: is an Alfa AWUS036NHA [11], this board has a mini-USB input where 

it receives the packages and a RP-SMA connector where it transmits the packages 

with an OFDM modulation using the Wi-Fi protocol. 

- Wi-Fi Booster: it is said to be a 2 Watt power amplifier that takes any signal 

modulated with a Wi-Fi protocol and a power smaller than 20 dBm but it amplifies 

up to 30dBm, only 3 dB less than the power by the manufacturer. 

-  attenuator: an attenuator is needed between the dongle and the booster, so that 

dongles output does not saturate the booster’s input. 

In order to incorporate the dongle board easily and more space efficient into the PCB the 

mini-USB connector is removed, the Vcc pin is taken from the DC/DC output, GND is 

connected to the corresponding pin from the power bus and D+ and D- are taken from the 

data bus. In the output, the RP-SMA connector is removed and the signal goes directly 

from the dongle to the booster using a microstrip line that crosses the PCB. 

The input connector of the booster is also removed, in order to connect the microstrip line 

that comes from the dongle and the output connector will be substituted with a MCX since 

it is easier to plug and it is more compact than the RP-SMAs. 

Figure 11. High speed communications board overview 



 

 11 

The PCB designed is shown in Figure 12. The board includes both the dongle and the 

booster, as well as the DC/DC and the option to choose from either of the five 12V channels 

the power bus provides, by adding 0  impedances. 

For more information regarding the components, the schematics and the board layout 

please refer to "Appendix III. High Speed Communications Board". 

Figure 12. S-Band board overview 
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3.3. System Assembly 

The assembly of the S-Band antenna and the high speed communications board is shown 

in Figure 13, as it can be seen the space that the system occupies is much less than 0,5U 

which was a requirement for the overall project.  

Aside from the interface from the high speed communications board to the helix antenna, 

the system needs other inputs in order to work properly. These interfaces are: 

- On-Board Computer (OBC): it manages all the systems in the satellite, receives 

commands from the earth and responds as needed. It also manages the data from 

the payloads and housekeeping data and sends it to the earth. 

- Electrical Power System (EPS): is in charge of providing power to other subsystems, 

in order to generate and store power this system includes solar panels and batteries. 

  

Figure 13. System assembly 

Figure 14. Interfaces with other systems 
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4. Results 

This section contains the information regarding the different tests performed to ensure that 

the subsystems perform as desired. An in depth analysis of the results is also considered.  

4.1. Antenna characterisation 

Throughout this section there is a detailed explanation of the antenna assembly and the 

tests performed to the antenna, such as a characterisation in the anechoic chamber and 

the matching network implemented.  

4.1.1. Antenna assembly 

Figure 15 shows the assembly of the antenna in the Cubesat structure. As mentioned 

before, the ground plane has been designed to be placed in the bottom side of the satellite.  

The last turn of the antenna is flat and it has to be connected to the ground plane, so small 

wires attach the antenna to the ground plane. The feeding point of the antenna is done by 

using a cable that goes to an MCX connector. The matching network of the antenna is 

located after this connector.  

To ensure the sturdiness of the antenna a plastic case with conical shape had to be 3D 

printed, as well as another piece to screw the structure into the ground plane leaving space 

for the connectors the antenna needs.  

 

Figure 15. Antenna system assembled 
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4.1.2. Anechoic chamber 

The characterisation of the antenna in the anechoic chamber is performed to verify if the 

antenna behaves as predicted in the simulations performed, to ensure that the directivity, 

polarisation and radiation pattern. 

The cuts on the radiation pattern on the ZX axis and on the ZY axis can be seen in Figure 

18, the antenna has a directive main lobe with a narrow beam width, the main lobe has a 

small deviation from the Z axis, this is probably caused by the cable used to feed the 

antenna, given that the wavelength of the signal is 12,5 cm small cables and microstrip 

lines are prone to radiate.  

 

Figure 16. Testing the antenna system in the anechoic chamber 

Figure 17. 3D Radiation pattern 
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The directivity of the antenna is computed by integrating the normalized radiation pattern, 

as it can be seen in the equation above. 

𝐷 =
4𝜋

∬ 𝑡(𝜃,𝜑)𝑑𝑆
;     𝑤ℎ𝑒𝑟𝑒 𝑡(𝜃, 𝜑) 𝑖𝑠 𝑡ℎ𝑒 𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 𝑝𝑎𝑡𝑡𝑒𝑟𝑛   (3) 

The directivity value obtained is 9.44dB this value has turned out to be much lower than 

predicted in the simulations, but this was to be expected since first the antenna is not rigid, 

so the dimensions may not be exact, specially the spacing between turns. In addition to 

provide more rigidity to the antenna a plastic casing had to be incorporated and this can 

affect the radiation pattern, by diminishing the directivity. 

The antenna must be left hand circularly polarised this polarisation can be seen in Figure 

19, the antenna’s polarisation has an elliptical shape rather than circular, but it still has a 

good behaviour.  

Figure 18. Radiation pattern cuts ZX (left) and ZY (right) 

Figure 19. Right hand polarization 
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4.1.3. Matching network 

The matching will be performed using two different methods, the first option is to do a π 

matching network using inductors and capacitances and the second option is to use 

microstrip lines, so matching the antenna by incorporating a shunt open circuit stub and a 

lambda fourths line.  

To implement a matching network there is need to measure the equivalent impedance of 

the antenna. This was done by placing a physical short circuit in the input of the antenna, 

and configuring an electrical delay on the network analyser to force a shortcut at that certain 

point. 

𝑍𝑎𝑛𝑡 = 16,5 − 𝑗21,7 Ω    (4) 

The first approach trying to implement a π matching network was not viable, since inductors 

and capacitors have a random behaviour at such high frequencies. The equivalent 

impedance with the pi matching network was almost the same. 

Since the matching using microstrip lines is quite complex the first step is to cancel the 

reactance using a shunt open circuit stub; since the reactance to compensate is a known 

value the length of the stub should be approximately 10 mm, but the behaviour was not as 

expected 

The first implementation of the stub consisted on soldering a coaxial cable to the same 

PCB where the pi matching network was implemented. 

As it can be seen in Table 2 the antenna was almost matched with a 29mm stub, the S11 

parameter was -19,1 dB. 

Table 2. Antenna's equivalent impedances with coaxial cable 

Cable length (mm) Zant (Ω) 

40 26,7 - j21,4 

37 32 - j19,9 

34 37,6 - j17 

32 38,6 - j13,5 

30 41,2 - j7,2 

Figure 20. First iteration of the matching network 
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29 40 - j 

26 34 + j3,6 

The next iteration of the matching network included a microstrip line matched to 50 Ω and 

a stub with variable length, to be able to tune the equivalent impedance of the antenna as 

desired.  

Table 3. Antenna’s equivalent impedance with stub 

Cable length (mm) Zant (Ω) 

33 30 – j50 

30 46 – j53 

28 61 – j52 

27 86 – j27 

26 83 – j9 

25 94,3 + j1,3 

24 75,8 + j25,9 

To obtain the 50 Ω impedance the next step would be to use a lambda fourths transmission 

line with the required impedance to transform 94,3 Ω into 50 Ω. 

𝑍0
′ = √𝑍𝑎𝑛𝑡 · 𝑍0 = √94,3 · 50 = 68,66 Ω   (5) 

As it can be seen in Figure 22 this was implemented on a third iteration of the matching 

network, but the antenna was not matched. 

 

Figure 21. Second iteration of the matching network 
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The cable used to feed the antenna, Figure 23, seems to modify the equivalent impedance 

when it is slightly deformed, so this method of feeding the antenna is not appropriate. 

Future iterations of the matching network should consider the usage of microstrip lines to 

feed the antenna.  

 

4.2. High speed communications board characterisation 

This section contains the assembly process of the Wi-Fi dongle and booster, as well as, 

the characterisation of the DC/DC and the RF chain. 

4.2.1. Assembly 

In order to test the functionality of the board the different components included had to be 

soldered and the boards had to be screwed as space efficient as possible onto the PCB. 

The assembly of the board on either sides can be seen in Figure 24. 

Figure 22. Third iteration of the matching network 

Figure 23. Antenna's feeding point 



 

 19 

Besides assembling both boards into the PCB there is also the need to incorporate an RF 

shield, in order to isolate one board to another and also prevent interferences with other 

subsystems. 

The shielding used can be seen in Figure 25, this shielding consists of two metallic cases 

built with a shield can kit manufactured by BoardWare  [12]. 

Figure 24. Top side (left) and Bottom side (right) 

Figure 25. Final board assembly 
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4.2.2. DC/DC 

In order to characterise the DC/DC the circuit is tested in order to measure the initial 

impulse and the discharging time, as well as the AC response of the signal generated. 

These measurements are taken with and without load, in order to compare the behaviour 

in both cases. 

The configurations used to characterise the DC/DC can be seen in Figure 26. The circuit 

is first connected directly to an oscilloscope and then is tested with a load in order to 

determine the real behaviour that it should have. 

The DC/DC without load is 4.99V with variations of 400mV in the amplitude; if the test is 

performed with a 10 Ω load the mean output voltage is approximately the same, but there 

are no visible variations, since the power is consumed by the load. 

  

Figure 26. Test setup without load (left) and Test setup with load (right) 

Figure 27. Output voltage without load (left) and with load (right) 
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When the DC/DC is first plugged without a load the tendency is that the output voltage has 

an over impulse, in the case of this DC/DC the over impulse is 200mV. However, when 

the DC/DC does have a load, the 5V are achieved with a much smoother tendency. 

Once the DC/DC is disconnected from the voltage source takes a considerable amount of 

time to discharge completely, since there is no load, the capacitors do not discharge 

immediately, this time is of approximately 32 ms. If performing the same test with a load it 

can be seen that the 0 V output voltage is reached within 0'7 ms. 

The final step is to check that the DC/DC does not have any resonance at a similar 

frequency to the one used in the main circuit, in our case 2,47 GHz. 

Figure 28. Initial impulse without load (left) and with load (right) 

Figure 29. Discharge without load (left) and with load (right) 
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In order to determine the frequency of the voltage variations, the oscilloscope is set to AC 

and the FFT of the obtained signal is performed. The DC/DCs output without a load 

presents a 20 Hz frequency, with an amplitude 40 dB lower than the signal. When 

performing the test with a load the frequency is 1 MHz, so neither of the frequencies should 

affect the RF circuitry, since 2,47 GHz is much higher. 

4.2.3. Wi-Fi Dongle 

The board used is the Alfa AWUS036NHA, according to the datasheet, this board provides 

a maximum output power of 28 dBm, but this value depends on the conditions and the 

protocols that it is configured to. 

For the sake of ensuring that all the tests are performed under the same conditions a High 

Speed Communications protocol developed by Maties Pons [13], that is implemented on a 

Raspberry Pi is used. This module incorporates a camera and transmits the video captured 

by it, as it can be seen in Figure 31. 

Figure 30. FFT of the AC without load (left) and with load (right) 

Figure 31. System developed by Maties Pons (right) and S-Band board (left) 
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The output power of the Dongle’s signal is 24.64 dBm, the spectrum analyser measures      

-19.1 dBm, Figure 32, and in order to obtain the total transmitted power a correction factor 

has to be considered, since the power is distributed along the 20MHz bandwidth of the Wi-

Fi signal [14], the methodology to performed this calculus can be found in “Appendix III. 

High Speed Communications Board”. 

𝑃𝑛 = 10
𝑃𝑛(𝑑𝐵𝑚)

10 = 10
−19.1

10 = 0,0123 𝑚𝑊   (6) 

𝑃𝑡𝑜𝑡𝑎𝑙(𝑑𝐵𝑚) = 10 · log (110 ·
0,01327

5,01
) = −5,35 𝑑𝐵𝑚   (7) 

𝑃𝑜𝑢𝑡 = 𝑃𝑡𝑜𝑡𝑎𝑙 + 𝐴𝑡𝑡 = −7,167 + 30 = 24.64 𝑑𝐵𝑚   (8) 

4.2.4. Wi-Fi Booster 

The booster includes a power amplifier chip from SkyWorks: the SKY65174-21 [15]. 

According to the data sheet of the component output power of the board is 31 dBm, at the 

1 dB output compression point. 

In order to ensure that the configuration used by the manufacturer who assembled the 

board is the same recommended in the data sheet, the two reference voltages and the Vcc 

were verified. So the objective is to obtain at least 30 dB, to not meet the compression point 

which could lead to data, whilst still accomplishing the link budget (section 0). 

Figure 32. Output signal of the Wi-Fi dongle 

Table 4. Electrical configuration of the Wi-Fi booster 
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In addition, despite the fact that the data sheet does not specify a maximum input power 

with several tests performed previously it has been stated that the dongle saturates the 

booster’s input reducing the output power that the system is able to provide. So another 

objective is to choose an appropriate attenuator to obtain the desired output power. 

4.2.5. High Speed Communications Characterisation 

The final step is to characterise the whole system with both boards assembled into the 

PCB. To do that the same test is performed with different attenuators, so that the closes to 

the 1 dB output compression point can be reached. 

The configuration used for these tests can be seen in Figure 33. 

The following table shows the performance based on the dB of the Pi Attenuator used. The 

output power considers the corresponding correction factor due to the fact that the Wi-Fi 

signal has a 20 MHz bandwidth. The calculus of the values obtained can be seen in 

“Appendix III. High Speed Communications Board”. 

Table 5. Power output as a function of the attenuation 

Attenuation (dB) Pout (dBm) 

0 28,45 

1,7 30,25 

3 26,95 

7,7 24,31 

As stated before the Dongle’s output power does saturate the booster’s input, since as it 

can be seen in Table 5 the output power with no attenuator is less than the one obtained 

with a 1,7 dB attenuator. This value of attenuation is the final implementation of the circuit, 

since it fulfils the requirement of having at least 30 dBm of output power.  

4.3. Link Budget 

The downlink developed along this project both with the conical helix antenna and the high 

speed communications board can only be successful if the communication between the 

satellite and the earth is possible.  

As it is seen in Figure 34, a link budget has to consider either the transmitting and receiving 

part of the link as well as the channel.  

Figure 33. Tests configuration 
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Figure 34. Link budget segments 

The data considered to compute this link budget can be seen in the following equations. 

𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦: 𝑓 = 2,45𝐺𝐻𝑧 

𝐿𝑎𝑚𝑏𝑑𝑎: 𝜆 = 𝑐
𝑓⁄ = 12,24𝑐𝑚 

𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ: 𝐵 = 20𝑀𝐻𝑧 

𝐵𝑜𝑙𝑡𝑧𝑚𝑎𝑛𝑛 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡: 𝑘 = 1,38×10−23 𝐽 𝐾⁄  

The link also considers that the satellite is on a high low earth orbit (LEO) [17], meaning 

that the minimum distance from the satellite to the earth is 700km whilst the distance from 

a 5º elevation angle from the horizon is 1965km. 

The values considered on the space segment are taken from the simulations performed 

with both the antenna and the high speed communications board developed along this 

project. 

𝑇𝑟𝑎𝑛𝑠𝑚𝑖𝑡𝑡𝑒𝑑 𝑝𝑜𝑤𝑒𝑟: 𝑃𝑡 = 30,25𝑑𝐵𝑚 

𝐻𝑒𝑙𝑖𝑥 𝑎𝑛𝑡𝑒𝑛𝑛𝑎 𝑔𝑎𝑖𝑛: 𝐺𝑡 = 9,44𝑑𝐵 

The channel is considered to be free space[18] since the communications from a satellite 

to the earth do not encounter any type of obstacles. 

𝐹𝑟𝑒𝑒 𝑆𝑝𝑎𝑐𝑒 𝑃𝑎𝑡ℎ 𝐿𝑜𝑠𝑠: 𝐿𝑠𝑓𝑛 = 20 · log10 𝐷𝑛(𝑘𝑚) + 20 · log10 𝑓(𝐺𝐻𝑧) + 32,4 

The ground segment is conformed by a parabolic antenna, located on a rooftop of a building 

in the university, this antenna has a gain of approximately 35 dB. 

𝐴𝑛𝑡𝑒𝑛𝑛𝑎 𝑖𝑙𝑙𝑢𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦: 𝜂 = 0,55 

𝑃𝑎𝑟𝑎𝑏𝑜𝑙𝑖𝑐 𝑎𝑛𝑡𝑒𝑛𝑛𝑎 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟: 𝐷𝑎 = 3𝑚 

𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑟 𝑎𝑛𝑡𝑒𝑛𝑛𝑎 𝑔𝑎𝑖𝑛: 𝐺𝑟 = 10 · log10 [(
𝜋𝐷𝑎

𝜆
)

2

· 𝜂] = 34,95 𝑑𝐵 

The received power considers the transmitted power, the two antenna gains and the 

propagation losses. 

Figure 35. Field of view from a LEO 
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𝑃𝑟𝑛(𝑑𝐵𝑚) = 𝑃𝑡(𝑑𝐵𝑚) + 𝐺𝑡(𝑑𝐵) + 𝐺𝑟(𝑑𝐵) − 𝐿𝑠𝑓𝑛(𝑑𝐵) 

Aside from the signal the antenna also receives vast amounts of noise [19] that can mask 

and interfere with the signal sent from the satellite, this noise depends on both the space 

and ground temperatures. 

𝑆𝑝𝑎𝑐𝑒 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒: 𝑇𝑒𝑥𝑡 = 𝑇𝑔𝑎𝑙𝑎𝑐𝑡𝑖𝑐 + 𝑇𝑠𝑘𝑦 𝑛𝑜𝑖𝑠𝑒 + 𝑇𝑏𝑙𝑎𝑐𝑘 𝑏𝑜𝑑𝑦 = 1 + 100 + 2,9 = 103,9𝐾 

𝐺𝑟𝑜𝑢𝑛𝑑 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒: 𝑇𝑔𝑟𝑜𝑢𝑛𝑑 = 290𝐾 

𝐴𝑛𝑡𝑒𝑛𝑛𝑎 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒: 𝑇𝑎𝑛𝑡 = 𝑇𝑒𝑥𝑡 · 𝜂 + (1 − 𝜂) ·
𝑇𝑒𝑥𝑡 + 𝑇𝑔𝑟𝑜𝑢𝑛𝑑

2
= 145,77𝐾 

The ground station also includes a low noise amplifier that amplifies both the received 

power from the desired signal and the noise, while adding more noise.  

𝐺𝐿𝑁𝐴 = 15𝑑𝐵 

𝑁𝐹𝐿𝑁𝐴=0,5𝑑𝐵 

𝐹𝐿𝑁𝐴 = 10
𝑁𝐹𝐿𝑁𝐴

10⁄ = 1,122 

𝑃𝑜𝑢𝑡𝑛(𝑑𝐵𝑚) = 𝑃𝑟𝑛(𝑑𝐵𝑚) + 𝐺𝐿𝑁𝐴(𝑑𝐵) 

𝐿𝑁𝐴 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒: 𝑇𝑒𝑞 = (𝐹𝐿𝑁𝐴 − 1) · 𝑇0 = 17,78𝐾 

𝑂𝑢𝑡𝑝𝑢𝑡 𝑛𝑜𝑖𝑠𝑒: 𝑁𝑜𝑢𝑡 = 10 · log10(𝑘 · 𝐺 · (𝑇𝑎𝑛𝑡 + 𝑇𝑒𝑞) · 𝐵) = −88,45𝑑𝐵𝑚 

The signal to noise is the last step to consider when calculating a link budget, since it 

compares the level of the desired signal to the background noise. 

𝑆𝑁𝑅𝑛(𝑑𝐵) = 𝑃𝑜𝑢𝑡𝑛(𝑑𝐵𝑚) − 𝑁𝑜𝑢𝑡(𝑑𝐵𝑚) 

In Table 6 it can be seen the computed link budget for different elevation angles along the 

orbit.  

Table 6. Link budget for a LEO 

Distance 

(km) 

Elevation 

Angle (º) 

Path Loss 

(dB) 

Received Power 

(dBm) 

Output Power 

(dBm) 

SNR 

(dB) 

700 90 156,9 -82,08 -67,08 21,37 

1000 40 160 -85,18 -70,18 18,27 

1800 8 165,1 -90,28 -75,28 13,17 

1965 5 165,8 -91,04 -76,04 12,41 

According to some simulations performed by Maties Pons [13] receiving the signal that the 

satellite sends is possible with up to -93dBm of received power, as it can be seen in Table 

7. 
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Table 7. Minimum received power for optimum bit rate [13] 

 Modulation Min dBm for optimum bit rate 

1Mbps CCK -93 

2Mbps CCK -90 

6.5Mbps OFDM -86 

The communications is possible throughout the whole fill of view of the satellite, since the 

received power at the 5 degrees elevation angle is -91dBm. The option to use a 2Mbps 

CCK modulation from an elevation angle of 8 degrees.  

Finally, the maximum bit rate with an OFDM modulation can be used from an elevation 

angle of 40º, this means that the majority of the data download along the orbit can take 

advantage of a high bit rate.  
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5. Budget 

This section contains the approximate cost of the project including the pricing of the 

components prototyped, the licenses of the software used and the cost of the engineering 

process. 

Table 8. Money spent on components for the project 

COMPONENT NUMBER OF COMPONENTS PRICE (€) 

PCBS 5 70 

ANTENNA 2 250 

COMPONENTS 54 30 

WI-FI DONGLE 1 25 

WI-FI BOOSTER 1 25 

 Total 400 

 

Table 9. Salary of a junior engineer for developing this project 

TASK HOURS PRICE (€) 

ANTENNA DESIGNING 160 1280 

COMMS BOARD DESIGNING 80 640 

ANTENNA ASSEMBLY AND 

TESTING 
160 1280 

COMMS BOARD ASSEMBLY AND 

TESTING 
200 1600 

 Total 4720 
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6. Conclusions and Future Development 

The goal of this project was to implement a downlink for a nanosatellite. The system was 

envisioned to transmit on the S-Band, to benefit from the Wi-Fi technologies already 

implemented. The system is formed by a conical helix antenna and a high-speed 

communications board conformed by a Wi-Fi dongle and a Wi-Fi booster. 

The designing process of the antenna has been quite challenging, since making the 

antenna as compact as possible whilst obtaining the desired performance was not obvious. 

Different configurations had to be tested in order to find a feasible design and once the 

design fulfilled all the purposes, the parameters of the antenna were optimised. 

The performance of the antenna has not been the same obtained in the simulations, the 

directivity has turned out to be 3 dB less than expected. The matching process has been 

quite intricate, since the value of the antenna’s equivalent impedance varied with a slight 

movement of the cable used to feed the antenna. 

Given that using a cable to feed the antenna is not viable, an option would be to feed itusing 

a microstrip line and implement the matching network using a shunt open circuit stub and 

a lambda fourths transmission line, once the real impedance is obtained. 

The measurements of the radiation pattern in the anechoic chamber should be repeated 

when the feeding method is changed and the antenna is matched, since the cable seems 

to have interfered with the antenna performance as well. 

The high-speed communications board fulfils the requirements giving more than 30 dB of 

output power. The designing process had to be quite accurate, given that working with RF 

signals is quite complex. Radiation and interferences between components are quite a 

frequent problem to encounter. 

Even though the antenna does not perform as wanted, the link budget is enough to 

accomplish the data download from the satellite to the earth, being able to take advantage 

of 6,5 Mbps of bit rate with an OFDM modulation in most of the contact time that the satellite 

has with the ground station. 

Finally, it should be noted that fitting both the antenna and the board in 0,5U has been 

successfully implemented since the antenna can be folded into a 1mm spiral and the PCB’s 

height does not surpass one centimetre. 

 

 



 

 XI 

Bibliography: 

[1] H. Heidt, J. Puig-Suari, A. Moore, S. Nakasuka, and R. Twiggs, “Cube- sat: A new generation of 

picosatellite for education and industry low-cost space experimentation”, 2000. 

[2] Nanosatellite Database, 2017. [Online]. http://nanosats.eu/ 

[3] Deployable solar panels, 2017. [Online]. Available: https://www.cubesatshop.com/product/solar-panels/ 

[4] F. Santoni, F. Piergentili, S. Donati, M. Perelli, A. Negri, and M. Marino, “An innovative deployable solar 

panel system for cubesats”, Acta Astronautica, vol. 95, pp. 210–217, 2014.   

[5] GOMX-3, 2017. [Online]. Available: https://eoportal.org/web/eoportal/satellite-missions/pag-filter/-

/asset_publisher/8jbNpfmcMhvK/content/gomx-

3;jsessionid=C8403EDE8CEA71CF52D9146C4BF914D7.jvm1?redirect=https%3A%2F%2Feoportal.org

%2Fweb%2Feoportal%2Fsatellite-missions%2Fpag-filter%3 

[6] Helios Deployable Antenna, 2014. [Online]. Available: https://www.helicomtech.com/helios-deployable-

series 

[7] Helios Deployable Antenna Buy, 2017. [Online]. Available: https://www.cubesatshop.com/product/helios-

deployable-antenna/ 

[8] ISIS TXS S-Band Transmitter, 2017. [Online]. Available: https://www.isispace.nl/product/isis-txs-s-band-

transmitter/ 

[9] CPUT S-Band Cubesat Transmitter, 2017. [Online]. Available: https://www.clyde.space/products/35-cput-

sband-cubesat-transmitter 

[10] P. Via, Towards a Modular Nanosatellite Hardware Platform, Final Degree Thesis, UPC ETSETB, July 

2016. http://upcommons.upc.edu/handle/2117/87359 

[11] Alfa AWUS036NHA Data Sheet, 2011. [Online]. 

https://www.alfa.com.tw/products_show.php?pc=34&ps=20 

[12]  Harwin EZ-BoardWare RFI & SMT PCB Hardware, 2017. [Online]. Available: 

http://www.mouser.es/new/harwin/harwinezboardware/ 

[13] M. Pons, High Speed S-Band Communication System for Nanosatellites, Final Master Thesis, UPC 

ETSETB, July 2016. https://upcommons.upc.edu/handle/2117/90146 

[14] Power Measurements on WLAN Modules with the R&S CMU 200 and with CMUgo, 2005. [Online]. 

https://cdn.rohde-

schwarz.com/pws/dl_downloads/dl_application/application_notes/1cm55/1CM55_0e.pdf 

[15] SKY65174-21: 2.4 to 2.5 GHz WLAN Power Amplifier Data Sheet, 2015. [Online]. 

http://www.skyworksinc.com/uploads/documents/SKY65174_21_201428F.pdf 

[16] Propagation Tutorial, 2007. [Online]. http://www.mike-willis.com/Tutorial/PF13.htm 

[17] The Range and Horizon Plane simulation for Ground Stations of Low Earth Orbiting (LEO) Satellites, 

2011. [Online]. http://file.scirp.org/pdf/IJCNS20110900004_79507510.pdf 

[18] ITU-R P.341-5. The Concept of Transmission Loss for Radio Links, 1999. [Online]. 

https://www.itu.int/dms_pubrec/itu-r/rec/p/R-REC-P.341-5-199910-S!!PDF-E.pdf 

[19] ITU-R P.372-7. Radio Noise, 2001. https://www.itu.int/dms_pubrec/itu-r/rec/p/R-REC-P.372-7-200102-

S!!PDF-E.pdf 

  

http://nanosats.eu/
https://www.cubesatshop.com/product/solar-panels/
https://eoportal.org/web/eoportal/satellite-missions/pag-filter/-/asset_publisher/8jbNpfmcMhvK/content/gomx-3;jsessionid=C8403EDE8CEA71CF52D9146C4BF914D7.jvm1?redirect=https%3A%2F%2Feoportal.org%2Fweb%2Feoportal%2Fsatellite-missions%2Fpag-filter%253
https://eoportal.org/web/eoportal/satellite-missions/pag-filter/-/asset_publisher/8jbNpfmcMhvK/content/gomx-3;jsessionid=C8403EDE8CEA71CF52D9146C4BF914D7.jvm1?redirect=https%3A%2F%2Feoportal.org%2Fweb%2Feoportal%2Fsatellite-missions%2Fpag-filter%253
https://eoportal.org/web/eoportal/satellite-missions/pag-filter/-/asset_publisher/8jbNpfmcMhvK/content/gomx-3;jsessionid=C8403EDE8CEA71CF52D9146C4BF914D7.jvm1?redirect=https%3A%2F%2Feoportal.org%2Fweb%2Feoportal%2Fsatellite-missions%2Fpag-filter%253
https://eoportal.org/web/eoportal/satellite-missions/pag-filter/-/asset_publisher/8jbNpfmcMhvK/content/gomx-3;jsessionid=C8403EDE8CEA71CF52D9146C4BF914D7.jvm1?redirect=https%3A%2F%2Feoportal.org%2Fweb%2Feoportal%2Fsatellite-missions%2Fpag-filter%253
https://www.helicomtech.com/helios-deployable-series
https://www.helicomtech.com/helios-deployable-series
https://www.cubesatshop.com/product/helios-deployable-antenna/
https://www.cubesatshop.com/product/helios-deployable-antenna/
https://www.isispace.nl/product/isis-txs-s-band-transmitter/
https://www.isispace.nl/product/isis-txs-s-band-transmitter/
https://www.clyde.space/products/35-cput-sband-cubesat-transmitter
https://www.clyde.space/products/35-cput-sband-cubesat-transmitter
http://upcommons.upc.edu/handle/2117/87359
https://www.alfa.com.tw/products_show.php?pc=34&ps=20
http://www.mouser.es/new/harwin/harwinezboardware/
https://upcommons.upc.edu/handle/2117/90146
https://cdn.rohde-schwarz.com/pws/dl_downloads/dl_application/application_notes/1cm55/1CM55_0e.pdf
https://cdn.rohde-schwarz.com/pws/dl_downloads/dl_application/application_notes/1cm55/1CM55_0e.pdf
http://www.skyworksinc.com/uploads/documents/SKY65174_21_201428F.pdf
http://www.mike-willis.com/Tutorial/PF13.htm
http://file.scirp.org/pdf/IJCNS20110900004_79507510.pdf
https://www.itu.int/dms_pubrec/itu-r/rec/p/R-REC-P.341-5-199910-S!!PDF-E.pdf
https://www.itu.int/dms_pubrec/itu-r/rec/p/R-REC-P.372-7-200102-S!!PDF-E.pdf
https://www.itu.int/dms_pubrec/itu-r/rec/p/R-REC-P.372-7-200102-S!!PDF-E.pdf


 

 XII 

Appendix I. Work plan, milestones and Gantt 

This appendix contains the management considered in this project, on behalf of ensuring 

that the project has a correct planning, executing, controlling and closing. 

The approach that the project has considered is organising the work in different work 

packages, setting main milestones with corresponding meetings to revise the progress and 

the results, and finally a Gantt diagram. 

I.I. Work packages 

Project:   Antenna Design WP ref: 1 

Major constituent: Simulation Sheet 1 of 4 

Short description: 

Design a optimum operating antenna for the S-Band, utilising 

different antenna simulator software. 

Planned start date: 15/02/2017 

Planned end date: 27/03/2017 

Start event: 15/02/2017 

End event: 19/06/2017 

Internal task T1: Familiarisation with software development 

tools. 

Internal task T2: Antenna design. 

Internal task T3: Place the order of the antenna. 

Deliverables: 

Weekly 

meeting 

Dates: 

27/03/2017 

 

Project: Ground plane design WP ref: 2 

Major constituent: PCB Design Software Sheet 2 of 4 

Short description: 

Design a Ground Plane for the antenna integrated in a CubeSat 
3CAT-NXT standard. 

Planned start date: 27/03/2017 

Planned end date: 17/04/2017 

Start event: 15/02/2017 

End event: 19/06/2017 

Internal task T1: Learn how to use Altium Design. 

Internal task T2: Design the PCB. 

Internal task T3: Order the PCB.  

Deliverables: 

Weekly 

meeting 

Dates: 

17/04/2017 

 

Project: Antenna and PCB assembly WP ref: 3 

Major constituent: Hardware and tools Sheet 3 of 4 

Short description: Planned start date: 24/04/2017 
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Assemble the conical helix antenna in the ground plane PCB. Planned end date: 08/05/2017 

Start event: 15/02/2017 

End event: 19/06/2017 

Internal task T1: Assemble the antenna into the PCB. Deliverables: 

Weekly 

meeting 

Dates: 

08/05/2017 

 

Project: Antenna matching and testing WP ref: 4 

Major constituent: Hardware and tools Sheet 4 of 4 

Short description: 

Design a Ground Plane for the antenna integrated in a CubeSat 
3CAT-NXT standard. 

Planned start date: 08/05/2017 

Planned end date: 19/06/2017 

Start event: 15/02/2017 

End event: 19/06/2017 

Internal task T1: Match the antenna ensuring a good S11 

parameter. 

Internal task T2: Characterise the radiation pattern in the 

anechoic chamber. 

Internal task T3: Design some sort of deployment system. 

Deliverables: 

Weekly 

meeting 

Dates: 

19/06/2017 

 

Project: PCB design WP ref: 5 

Major constituent: Software Sheet 1 of 3 

Short description: 

Design a PCB that includes a Wi-Fi dongle and a booster plus 

the circuitry needed for both to operate correctly, using the 
3CAT-NXT CubeSat standard. 

Planned start date: 13/03/2017 

Planned end date: 17/04/2017 

Start event: 13/03/2017 

End event: 19/06/2017 

Internal task T1: Design the PCB. 

Internal task T2: Order the PCB 

Deliverables: 

Weekly 

meeting 

Dates: 

10/04/2017 

 

Project: PCB welding and assembly WP ref: 6 

Major constituent: Hardware and tools Sheet 2 of 3 

Short description: 

Assemble the Wi-Fi dongle and the booster to the PCB and weld 

Planned start date: 08/05/2017 

Planned end date: 22/05/2017 
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the components needed. Start event: 13/03/2017 

End event: 19/06/2017 

Internal task T1: Weld needed circuity. 

Internal task T2: Assemble boards in the PCB. 

Deliverables: 

Weekly 

meeting 

Dates: 

15/05/2017 

 

Project: PCB test and validation WP ref: 7 

Major constituent: Hardware and tools Sheet 3 of 3 

Short description: 

Ensure that the PCB is working correctly and characterise the 

power consumption and parameters to ensure optimum 

performance. 

Planned start date: 22/05/2017 

Planned end date: 19/06/2017 

Start event: 13/03/2017 

End event: 19/06/2017 

Internal task T1: Test its functioning with a signal generator and 

the spectrum analyser. 

Internal task T2: Characterise the technical specifications of the 

board. 

Deliverables: 

Weekly 

meeting 

Dates: 

19/06/2017 

I.II. Milestones 

 

WP# Task# Short title Milestone / deliverable Date (week) 

1 1 Software development tools None 20/02/2017 

1 2 Antenna Design Weekly meeting 27/03/2017 

2 1 Learn Altium Design None 03/04/2017 

2 2 Design ground plane Weekly meeting 17/04/2017 

3 1 
Assemble antenna and 

PCB 
Weekly meeting 08/05/2017 

4 1 Antenna matching Weekly meeting 22/05/2017 

4 2 Antenna radiation Weekly meeting 19/06/2017 

5 1 PCB design Weekly meeting 17/04/2017 

6 1 Weld components Weekly meeting 15/05/2017 
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6 2 Assemble boards Weekly meeting 22/05/2017 

7 1 Test Weekly meeting 05/06/2017 

7 2 Characterisation Weekly meeting 19/06/2017 
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I.III. Gantt Diagram 
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Appendix II. S-Band Conical Helix Antenna 

This section aims to provide more detailed information about the research performed during 

the designing and testing process of the antenna.  

II.I. Antenna Simulations 

As mentioned in section 3.1.2, the designing process was quite complex and many different 

sizes were simulated in order to encounter an antenna that supposedly provided enough 

directivity whilst being compact.  

It is important to note that all the simulations mentioned below have been done using a 

CubeSat sized ground plane, but the structure of the satellite is not considered since the 

processing time of the simulation increases drastically.  

The initial approach was trying to have more than 12 dB of gain with a conical helix antenna 

that had 9 turns. In Table 10 it can be seen that the antenna gain does not surpass the 12 

dB's, so there is need to increase the number of turns that the antenna has.  

Table 10. Gain values for a 9 turn conical helix antenna 

ext (mm) int (mm) pitch (º) length (mm) Directivity (dB) 

2,5 1,41 4 10,97 10,5 

2,5 1,41 5 13,72 11,6 

2,5 1,41 6 16,49 12,3 

2,6 1,66 4 11,42 11,48 

2,6 1,66 5 14,29 12,1 

2,7 1,72 4 11,86 11,31 

2,7 1,72 5 15,38 12,1 

2,8 1,78 4 12,3 11,52 

2,8 1,78 5 15,34 11,71 

The next approach is to design a 11 turns antenna, as it can be seen in Table 11 the results 

are as desired, a directivity of almost 13 dB is achieved.  

The final design is the one that has a gain of almost 12,97 dB, since it ensures enough 

gain while being as short as possible.  

 



 

 XII 

Table 11. Gain values for a 11 turn conical helix antenna 

ext (mm) int (mm) pitch (º) length (mm) Directivity (dB) 

2,6 1,23 5 17,2 12,14 

2,6 1,23 6 20,56 12,53 

2,6 1,23 7 24,02 12,76 

2,7 1,27 5 17,78 12,17 

2,7 1,27 6 21,35 12,66 

1,7 1,27 7 24,95 12,97 

II.II. Computer used for CST Studio Suite Simulations 

Operating system: Windows 10 Pro 

Processor: Intel(R) Core(TM) i7-3770 CPU @ 3,40 GHz 

Ram: 16 GB 1600 MHz 

Graphic card: GeForce GTX 680MX 4GB 
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Appendix III. High Speed Communications Board 

This section aims to provide further detailed information on the design process of the high 

speed communications board conforming the system. 

III.I. Circuit Schematic 

The PCB is designed using Altium Designer, in Figure 36 it can be seen the General 

schematic of the board. The circuit is formed by two main circuits, the first one contains the 

standard power and data bus connectors [10]. The second circuit contains the dongle, the 

pi attenuator and the booster, so it takes as inputs the signals from the buses and has as 

output the signal that the antenna has to transmit. There are 0 Ohm impedances connected 

to all 5 12V and ground channels so that any of the channels can be used. 

The general schematic also includes the holes where the steel rods of the CubeSat’s 

structure go, these screw holes are connected to the shield. Finally, there is a capacitor 

that connects the shield with the ground. 

In Figure 37 there is the schematic of the dongle and booster integration. The board 

incorporates a DC/DC that converts 12V into 5V, the implementation of a voltage regulator 

has been dismissed since the efficiency is lower and consequently the component 

dissipates heat. The DC/DC has been configured following the recommended application 

found in the datasheet. The output of the DC/DC feeds both the dongle and the booster 

boards. 

Figure 36. General schematic 
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The dongle takes as input signals the data from the USB signals and the power signals, 

the output is connected to a pi attenuator that attenuates by 1,7 dB the signal, then the 

signal goes to the input of the booster to be amplified. 

III.II. PCB Layout 

The PCB implemented has four layers, the top and bottom layers are where the circuitry 

and the boards are located, one of the middle layers is used as a ground plane and the 

other has the power transmission lines. 

The top layer contains the pi attenuator and the booster board, as well as the resistors 

needed to choose any 12 V voltage channel. This side also has a two pin Molex connector 

used to feed the booster, since the board has a Molex connector as well. 

 

 

 

Figure 37. Dongle and booster integration 
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Below the top layer there is another layer containing the ground plane, this ground plane 

helps to separate the RF signals located in the top layer from the rest of the circuitry. In 

addition to the ground plane through this lane also go the microstrip lines that connect the 

power and ground inputs with the zero Ohm resistors. 

The next layer contains the power signal, it has the microstrip lines that connect the power 

and ground inputs these lines are doubled since there is a considerable amount of power 

to be transmitted, in this layer there are also the two USB lines that carry the information 

to the dongles input, as it can be seen in Figure 39. 

Figure 38. PCB's top layer 

Figure 39. PCB's ground and power layers 
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In Figure 40 there is the bottom layer of the PCB, this side contains the circuitry of the 

DC/DC and the Wi-Fi dongle, it also has the resistors needed to choose between the 

different ground channels. An RF via is placed where the signal output of the Dongle is, in 

the centre pad of the RP-SMA, in order to change layer. 

The transmission lines used in PCBs are generally microstrip lines. The width of the 

microstrip lines has to be precisely calculated to prevent either overheating of the board or 

power losses. 

The RF signals must be matched to a 50  impedance, depending on the height of the 

dielectric below, the material, the microstrip line and the frequency of the signal. Given that 

the height of the dielectric in the board is 0.2 mm, in Table 12 can be seen the width of the 

microstrip line based on the dielectric used. 

Table 12. Microstrip width considering the dielectric 

Dielectric Material Line Width(mm) 

FR-4 0.34 

Rogers 0.41 

Teflon 0.59 

 

The power signals the lines must be wide enough to prevent overheating due to excessive 

current. For instance, the recommended width for a current of 2 A on an external layer is 

Figure 40. PCB's bottom layer 
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0.78mm, whilst for an internal layer it is 2 mm. Since the current on the PCB should not 

exceed 1 A the width used in the PCB is 1 mm. 

Finally, the USB Data+ and Data– have to also be matched to 50 , this varies the width 

of each line, there is also need to have a differential impedance of 90 , this varies the 

distance between both lines, the distance is 0.35 mm. 

III.III. High Speed Communications Board Characterisation 

The tests performed to both boards and the methods followed are explained with further 

detail in this section. 

III.III.I. Power Measurements on WLAN Modules 

WLAN signals have a bandwidth of approximately 20 MHz, given that the spectrum 

analyser is not able to compute the power for a signal of these characteristics there is the 

need to apply a correction factor and approximate the total power transmitted throughout 

the whole band. 

The parameters to consider are the resolution bandwidth (RBW) set to 1 MHz, the number 

of sample points which is set to 501, the span which is 100 MHz and the type of filter applied, 

the filter used is rectangular, so it does not attenuate in the desired band. 

The first calculation to perform is the correction factor, which is the relation between the 

resolution bandwidth and the frequency of the sample points. 

𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 =
𝑅𝐵𝑊

𝑓𝑠𝑎𝑚𝑝𝑙𝑒𝑠
=

𝑅𝐵𝑊
𝑆𝑝𝑎𝑛

𝑆𝑎𝑚𝑝𝑙𝑒𝑠⁄
=

106

100×106

501⁄
= 5,01  (9) 

The next step is to calculate the number of points that yield in 22MHz, to calculate the 

power that is dispersed throughout the band. 

𝑁𝑝𝑜𝑖𝑛𝑡𝑠 =
𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ

𝑓𝑠𝑎𝑚𝑝𝑙𝑒𝑠
=

22×106

100×106

501⁄
= 110 𝑝𝑜𝑖𝑛𝑡𝑠     (10) 

Finally, the output power with the corresponding correction can be seen in the following 

equation. 

𝑃𝑡𝑜𝑡 = 𝑁𝑝𝑜𝑖𝑛𝑡𝑠×
𝑃𝑛(𝑚𝑊)

𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟
   (11) 

III.III.II. High Communications Board Performance 

This section includes the information regarding the different attenuations tested in the 

communications board. 

The first approach was to test the boards without attenuating the signal that goes from the 

dongle to the booster. The output can be seen in Figure 41, the output power after applying 

the correction factor is 28.45 dB. 
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𝑃𝑛 = 10
𝑃𝑛(𝑑𝐵𝑚)

10 = 10
−14,92

10 = 0,0319 𝑚𝑊   (12) 

𝑃𝑡𝑜𝑡𝑎𝑙(𝑑𝐵𝑚) = 10 · log (110 ·
0,0319

5,01
) = −1,54 𝑑𝐵𝑚   (13) 

𝑃𝑜𝑢𝑡 = 𝑃𝑡𝑜𝑡𝑎𝑙 + 𝐴𝑡𝑡 = −1.54 + 30 = 28,45 𝑑𝐵𝑚      (14) 

The next value tried was the 1,7 dB attenuator. The output power in this case is 30,25 dB. 

This is the maximum output power obtained. 

𝑃𝑛 = 10
𝑃𝑛(𝑑𝐵𝑚)

10 = 10
−12,9

10 = 0,0512 𝑚𝑊   (15) 

𝑃𝑡𝑜𝑡𝑎𝑙(𝑑𝐵𝑚) = 10 · log (110 ·
0,0512

5,01
) = 0,25𝑑𝐵𝑚       (16) 

𝑃𝑜𝑢𝑡 = 𝑃𝑡𝑜𝑡𝑎𝑙 + 𝐴𝑡𝑡 = 0,25 + 30 = 30,25 𝑑𝐵𝑚     (17) 

Another value tried is 3 dB of attenuation, in comparison with the 1,7 dB attenuator the 

output power decreases to a value of 26,95 dBm. 

Figure 41. Board's output with 0dB attenuation 

Figure 42. Board's output with 1,7dB attenuation 
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𝑃𝑛 = 10
𝑃𝑛(𝑑𝐵𝑚)

10 = 10
−16.45

10 = 0,0226 𝑚𝑊   (18) 

𝑃𝑡𝑜𝑡𝑎𝑙(𝑑𝐵𝑚) = 10 · log (110 ·
0,0226

5,01
) = −3.04𝑑𝐵𝑚        (19) 

𝑃𝑜𝑢𝑡 = 𝑃𝑡𝑜𝑡𝑎𝑙 + 𝐴𝑡𝑡 = 0,25 + 30 = 26,95 𝑑𝐵𝑚    (20) 

The final value implemented was 7,7 dB and as it should be expected the directivity 

decreases even more, to achieve a value of 24,31 dB. 

𝑃𝑛 = 10
𝑃𝑛(𝑑𝐵𝑚)

10 = 10
−19.1

10 = 0,0123 𝑚𝑊   (21) 

𝑃𝑡𝑜𝑡𝑎𝑙(𝑑𝐵𝑚) = 10 · log (110 ·
0,0226

5,01
) = −5,68𝑑𝐵𝑚         (22) 

𝑃𝑜𝑢𝑡 = 𝑃𝑡𝑜𝑡𝑎𝑙 + 𝐴𝑡𝑡 = 0,25 + 30 = 24,31 𝑑𝐵𝑚     (23) 

 

  

Figure 43. Board's output with 3dB attenuation 

Figure 44. Board's output with 7,7dB attenuation 
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Appendix IV. Design and Implementation of an L-Band Conical 

Helix Antenna for 3Cat-4 

The 3Cat-4 mission peruses demonstrating the capabilities of nanosatellites, in particular 

those based in the 1U CubeSat standard, for challenging Earth Observation using GNSS-

R and L-Band microwave radiometry, as well as for Automatic Identification Services (AIS). 

This mission was selected by the European Space Agency to enrol in the Fly your Satellite! 

program, which brings the opportunity to the participants to participate in various 

workshops and also sponsors the launch campaign. 

This mission requires an L-Band antenna to receive the reflected GPS and Galileo. To 

receive those signals the antenna should receive signals from the L2 to the L1 bands, so 

from 1,227 to 1,57 GHz. 

The designing process of this antenna was even more complex than the one required for 

the S-Band helix antenna. Given that the L-Band is a lower frequency the wavelength is 

bigger, so the measurements of the antenna are bigger. 

The first approach in the designing process was to use a free license software called 4nec2, 

but this tool was quite restricting since it did not provide options to simulate the antenna 

with the satellite’s structure. Hence the decision to use CST Studio Suite. 

Performing the simulations with 4nec2 gave an approach on which measurements should 

have the antenna, to perform as expected. So this tool was useful when it came to 

narrowing down the amount of simulations to be performed with CST. 

In Table 13 there can be found the directivity of different antenna configurations, since the 

ratio between the ground plane and the antenna’s size is quite tight the number of turns 

has been increased in comparison to the S-Band antenna. 

All the simulations have been performed considering a ground plane the size of a CubeSat, 

and the antenna has been designed to have 19 turns. 

Table 13. L-Band antenna directivity 

ext (mm) int (mm) pitch (º) length (mm) Directivity 1,2 

GHz (dB) 

Directivity 1,6 

GHz (dB) 

7 2,62 5 38,46 8,40 11,90 

7 2,62 7 53,98 8,36 12,60 

7.2 2,68 4 31,62 8,80 12,18 

7.2 2,68 5 39,56 9,01 12,59 

7.2 2,68 6 47,52 8,56 12,90 
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7,4 2,76 4 32,5 8,41 12,03 

7,4 2,76 5 40,66 8,33 12,45 

7,4 2,76 6 48,84 7,91 12,87 

7.8 2,92 7 60,14 7,83 13,89 

8 2,98 6,5 57,24 7,85 13,73 

The antenna implemented is the one that radiates the most in the L2 band (1,2 GHz) in 

terms of directivity. 

The performance considering the structure of the satellite, which should accurate with the 

real implementation, decreases the directivity in both bands. 

𝐿2 𝑏𝑎𝑛𝑑 𝐷 = 8,45 𝑑𝐵         𝐿1 𝑏𝑎𝑛𝑑 𝐷 = 12,41 𝑑𝐵 

Although there is a significant loss in directivity, there is the need to incorporate a weight 

on the end of the antenna, a counterweight, which will be chosen to improve the directivity.  

The necessity of including a counterweight in the antenna system comes out of the fact 

that the antenna must be pointing the earth (nadir), so one way of stabilising the satellite in 

the correct direction is by implementing an attitude control system that consists on a gravity 

boom and magnetorquers. 

The magnetorquers point the satellite in the correct direction and the gravity boom, which 

in our case is the deployment of the boom, ensures the stabilisation of the satellite in the 

desired direction by adding a weight at a certain distance. 

The material used for the counterweight should enhance the gain whilst being UV resistant, 

one of the best options is using a dielectric, since it augments the gain by reducing the 

main lobe bandwidth. The higher the permittivity of the dielectric is the more gain the 

antenna has. As it can be seen in Table 14 several dielectric were considered. 

Table 14. Directivity depending on the counterweight material 

Material Directivity 1,2 GHz 

(dB) 

Directivity 1,6 GHz 

(dB) 

Plexiglass 8,5 12,92 

Teflon 8,53 12,77 

FR4 8,65 12,99 

AR1000 8,86 12,75 

For the sake of ensuring that the material does not get deformed by the extreme 

temperatures that it would be exposed to, the dielectric chosen for the counterweight is 

Teflon (PTFE), since while being a dielectric it can handle a vast range of temperatures.  
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Glossary 

 

ADCS Attitude Determination and Control System 

DC/DC Dc to DC converter 

EPS Electrical Power System 

GPS Global Positioning System 

LEO Low Earth Orbit 

LNA Low Noise Amplifier 

MCX Micro Coaxial 

OBC On-Board Computer 

OFDM Orthogonal Frequency-Division Multiple Access 

PCB Printed Circuit Board 

P-POD Poly-Picosatellite Orbital Deployer 

RBW Resolution Bandwidth 

RF Radiofrequency 

SMA SubMiniature version A 

SNR Signal to Noise Ratio 

USB Universal Serial Bus 

Wi-Fi Wireless Local Area Networking 

WLAN Wireless Local Area Network 

 


