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Abstract 

3Cat-NXT is a 12 unit CubeSat project developed in the Nanosatlab department of the 
Universitat Politècnica de Catalunya which main mission is to measure the Earth’s surface 
soil moisture every three days for at least 3 years. The CubeSat is formed by different 
subsystems that are being developed to be ready if a launch opportunity comes. This work 
focuses on the communications subsystem. 

This thesis is the continuation of the design of the X-band communications subsystem 
started in the PAE subject of Spring 2020 semester. The work includes the design 
description, test and characterization of the different parts that form the subsystem that 
have been performed and modified from the initial design. This parts are the reception 
amplification stage, the transmission amplification stage, the frequency shifting stage, the 
digital stage and the power supply. 

The tests will validate the design performed and quantify the performance of each of the 
parts that form the communications subsystem. 
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Resum 

3CAT-NXT és un projecte d’un CubeSat de 12 unitats desenvolupat al grup Nanosatlab de 
la Universitat politècnica de Catalunya que té com a missió principal mesurar la humitat 
superficial de la Terra cada tres dies durant com a mínim 3 anys. El CubeSat està format 
per diferents subsistemes que estan sent desenvolupats per ternir-los llestos per quan hi 
hagi una oportunitat de llençament. Aquest treball es centra en el subsistema de 
comunicacions. 

Aquest treball final de grau és la continuació del disseny del subistema de comunicacions 
en banda X començat a l’assignatura PAE del quatrimestre de primavera de 2020. El 
treball se centra en la descripció, testeig i caracterització de les diferents parts que formen 
el subsistema que s’han implementat i modificat a partir del disseny inicial. Aquestes parts 
són l’etapa d’amplificació en recepció, l’etapa d’amplificació en transmissió, l’etapa de 
canvi de freqüència, l’etapa digital i el subministrament de potència. 

Els tests serviran per validar el disseny desenvolupat i quantificaran el rendiment de cada 
part que forma el susbistema de comunicacions. 
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Resumen 

3CAT-NXT es un proyecto de un CubeSat de 12 unidades desarrollado por el grupo 
Nanosatlab de la Universitat politècnica de Catalunya que tiene como misión principal 
medir la humedad superficial de la Tierra cada tres días y como mínimo durante 3 años. 
El CubeSat está formado por diferentes subsistemas que están siendo desarrollados para 
tenerlos listos para cuando haya una oportunidad de lanzamiento. Éste trabajo se centra 
en el subsistema de comunicaciones. 

Éste trabajo fin de grado es la continuación del diseño del subsistema de comunicaciones 
en banda X empezado en la asignatura PAE del semestre de primavera de 2020. El trabajo 
se centra en la descripción, testeo y caracterización de las diferentes partes que forman el 
subsistema que han sido implementadas y modificadas a partir del diseño inicial. Éstas 
partes son la etapa de amplificación en recepción, la etapa de amplificación en transmisión, 
la etapa de cambio de frecuencia, la etapa digital y el suministro de potencia. 

Los test servirán para validar el diseño desarrollado y cuantificar el rendimiento de cada 
parte que forma el subsistema de comunicaciones. 
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1. Introduction 

The 3CAT-NXT CubeSat is a 12 Unit nano-satellite developed by de Nanosatlab team from 
UPC, whose main mission is to measure the global surface soil moisture with a resolution 
of 10 km and an accuracy of 4% every 3 days for at least 3 years. To transmit the 
measurement data to a ground station on Earth, as well as satellite telemetry, and to upload 
commands to the CubeSat, a communications subsystem (XCOMMS) for the satellite 
operating at X-band is developed. 

1.1. Objectives 
The objective of this degree thesis is to continue the development a communications 
subsystem for a Nano-satellite, which includes the RF circuitry, power circuitry, digital 
circuitry design, implementation and test as well as the software. The system has to ensure 
the communications both in the uplink and downlink between the CubeSat and the ground 
station (GS). This means that it has to adapt the RF signals of reception and transmission 
so that the transceiver can receive and transmit complying with ITU regulations, while 
delivering the required performance. 

This work focuses on the development of the front-end part of the communications system, 
which will be fitted between the transceiver part and the antennas and has to accommodate 
the transmitted and received signals to have a positive link budget. The development 
includes the design, revision, test and characterization of the subsystem. 

1.2. Procedures 
This degree thesis is the continuation of the work done during the “Advanced Project of 
Engineering” subject (PAE), in which the X-band communications subsystem for the 3CAT-
NXT CubeSat design was proposed and was left to be implemented because of the Covid-
19 global pandemic. 

The work plan of the project with the milestones list and Gantt diagram and be found in 
Appendix A. 

Different software and instruments will be used during the XCOMMS development, which 
include Altium Designer for the circuit and PCB design, ADS for the RF simulations, 
STM32CubeMX for the STM32 configuration, STM32CubeIDE for the STM32 
programming, and instruments such as Oscilloscopes, Testers, Spectrum Analyzers, and 
Vector Network Analyzers for the test and characterization phase. 

This work focuses on the last revision of the XCOMMS. The changes between revisions 
are shown in Appendix B. 
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1.3. Project Requirements 
The requirements for this project are derived from the ones obtained in the PAE work, and 
are summarized in Table 1.1. 

Table 1.1. XCOMMS subsystems requirements list. 

XCOMMS-01 Uplink data rate has to be higher than 20 kbps and tunable. 
XCOMMS-02 Downlink data rate has to be higher than 1 Mbps and tunable. 
XCOMMS-03 Communications must work in X band via radio link. 
XCOMMS-04 Uplink has to meet ITU regulations in X band. 
XCOMMS-05 Downlink has to meet ITU regulations in X band. 
XCOMMS-06 The XCOMMS system has to ensure a communication link from 5 degree over horizon with 

a 550 km LEO orbit. 
XCOMMS-07 Uplink BER has to be lower than 1E-7. 
XCOMMS-08 Downlink BER has to be lower than 1E-5. 
XCOMMS-09 The XCOMMS design must have a successful link budget with a margin of at least 3 dB. 
XCOMMS-10 The XCOMMS power consumption in Tx has to be lower than 18 W. 
XCOMMS-11 The XCOMMS power consumption in Rx has to be lower than 2 W. 
XCOMMS-12 The XCOMMS microcontroller has to communicate with the OBC using UART. 
XCOMMS-13 CubeSat antennas have to be as small as possible and can stick out. 
XCOMMS-14 The XCOMMS board must fit in the daughter board form factor. 
XCOMMS-15 RF connectors have to be SMA. 
XCOMMS-16 The XCOMMS has to monitor the transmitted power as well as the board temperature. 

1.4. Project Modifications and Incidences 
A change of approach has been made to help ensuring the system correct behavior and 
characterization, dividing it in little and independent submodules that had to be designed, 
implemented and tested apart from the main subsystem and meant that they had to be 
included in the work plan, which delayed other parts of the project. Because of that, the 
SDR part has been discarded to leave more time for the other project parts, as it required 
a steep learning process to be used with the rest of the system and do a complete system 
functional test.  

Due to the second Covid-19 global pandemic wave, the project plan had to be modified to 
take into account the access limitations to the university facilities. This affected the 
laboratory technician, who has been very busy with other Nanosatlab projects, and since 
this project has a big hardware part that that requires manufacturing PCB boards and 
soldering components, the project has suffered delays despite the great effort that the 
technician has made and the help provided by him.   
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2. State of the Art 

The main reason for developing a communications system at higher frequencies is the 
need to transmit a higher amount of information than what was previously required in other 
missions, where UHF was used, hence the requirement XCOMMS-01.  

The use of S-band for the communications was considered, but discarded because of the 
high interference levels due to its occupancy [1], and because the lower transfer rates 
achievable. For these reasons, the decision of using X-band was made, since it is a much 
less crowded part of the spectrum and can support higher transfer rates. 

According to the design proposed in the PAE work, the XCOMMS will need to include both 
transmission and reception in X-band, achieve a communication link with a 5-degree 
elevation over the horizon with a 550 km height LEO orbit, achieve transfer rates of at least 
100 Mbps and have a maximum power consumption of 16 W. These specifications come 
from the work done during the PAE project. 

Different approaches have been done for developing commercial communications systems 
for CubeSat platforms, but since there is no commercial module that would fit the 
requirements of the mission, a custom solution for the mission is required. A comparison 
between different communications systems implementations from several nanosatellite 
manufacturers and the specifications required for the XCOMMS is shown in Table 2.1. 

Table 2.1, Communication subsystems comparison. 

Manufacturer Type Band Tx bit rate  Tx power Rx bit rate Sensitivity Cost 
CubeSatShop Tx S 10 Mbps (max) 27 - 33 dBm - - - 
EnduroSat Tx X 150 Mbps (max) 27 - 33 dBm - - 20,500 € 
GOMspace Tx X 225 Mbps (max) 35 dBm (max) - - - 
ISISpace Tx-Rx S 10 Mbps (max) 27 - 33 dBm 9.6 kbps - - 
Nanoavionics Tx-Rx S 500 kbps (max) 20 - 30 dBm 100 kbps -110 dBm - 
Nanosatlab Tx-Rx X 100 Mbps 36 dBm (max) 20 kbps -90 dBm - 

The X-band communications subsystem implemented on the CubeSat will be formed by a 
Software Defined Radio (SDR) that will act as the transceiver to receive and send 
information to and from the On-Board-Computer (OBC) using the X-Band antennas. A X-
Band front-end will be placed between the antennas and the SDR to adapt the RF signals 
to comply with the subsystem requirements and with ITU regulations. A diagram of the 
communications subsystem is shown in Figure 2.1. 

 
Figure 2.1, X-band communications subsystem diagram. 

This work will focus on the X-band front-end part, that will be abbreviated as XCOMMS, of 
the communications subsystem and assume that the Adalm Pluto module will be used as 
the SDR, which implements the AD9363 transceiver from Analog Devices. 
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3. Methodology 

The XCOMMS includes three main parts that are the radiofrequency part (RF), which is 
formed by the reception amplification stage, the transmission amplification stage, the 
frequency shifting stage (mixers), the digital stage and the power supply. A functional block 
diagram of XCOMMS is shown in Figure 3.1. 

 
Figure 3.1. XCOMMS front-end functional block diagram. 

The RF part is in charge of adapting both the transmission (Tx) and reception (Rx) 
radiofrequency signals between the SDR and the satellite antennas, which include an 
increase of the signal power and a shift in frequency. 

According to ITU radio regulations [2], the frequency band used for the uplink is from 7190 
MHz to 7250 MHz, and the band used for the downlink is from 8025 MHz to 8400 MHz, as 
these bands can be used for space research Earth-to-space and space-to-Earth 
respectively. 

The purpose of the Rx chain is to increase the SNR of the received signal to reduce the 
BER, which complies with requirement XCOMMS-07, and because the SDR will be tuned 
to operate at a 2.4 GHz center frequency. The uplink signal will enter the XCOMMS from 
the CubeSat antennas. It will first be amplified using two LNA’s and then down-shifted to 
2.4 GHz so that the SDR can decode the information. A limiter will ensure that the maximum 
power level entering the SDR is not higher than 0 dBm to protect the transceiver.  

The purpose of the Tx chain is to shift the transmitted signal to the appropriate center 
frequency and increase its power level to have a positive link budget. The downlink signal 
will enter the XCOMMS from the SDR part. It will first be up-shifted from 2.4 GHz of the 
SDR to a center frequency between 8025 MHz and 8400 MHz and then its power will be 
increased up to 4 W. A power meter will sample the transmitted power to the antenna. 

The digital and power supply stages are in charge of controlling the component parts of the 
XCOMMS and monitoring the board temperature and transmitted power as well as 
providing the needed power supply to them.  

To comply with requirement XCOMMS-14, the XCOMMS needs to be fitted as a 
daughterboard in a standard CubeSat motherboard of form factor PCI/104.  
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The XCOMMS will be built in a 4-layer PCB, and since it will be manufactured in the 
Nanosatlab facilities, it will be made of 2 FR-4 0.49 mm width and 1 Rogers 3010 0.25 mm 
width stacked together. The XCOMMS schematics, layout and manufacturing 
specifications can be found in Appendix C. 

  
Figure 3.2. Front (left) and back (right) views of XCOMMS mounted to a PCI/104 motherboard. 

The stages will be tested to guarantee the proper XCOMMS design and to characterize its 
performance. MS-156C RF test points are placed along the XCOMMS board to be able to 
measure each RF stage performance while introducing a small attenuation of 0.4 dB [3]. 
The Test Specifications and Procedures document (TSP), that describes the steps to follow 
in each of the project tests, can be found in Appendix D. 

3.1. Reception Amplification Stage 
The reception amplification stage is designed using the AD9363 transceiver of the Adalm 
Pluto module. For a 2.4 GHz input signal the AD9363 presents the lowest noise figure when 
it provides a digital gain of around 60 dB [4]. This stage is designed to have a signal level 
at the transceiver of 0 dBm taking into account the digital gain it provides, with an uplink 
signal level at the input of the XCOMMS shown in Figure 3.3 for a 5 W transmitted signal 
from a GS with a 3 m parabolic antenna. This calculation comes from the link budget 
performed in the PAE work. 

 
Figure 3.3. Uplink signal power at the input of the XCOMMS with respect to different CubeSat elevations. 
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The stage is formed by two cascaded PMA-83LN+ LNA’s from MiniCircuits that provide a 
gain of around 18.7 dB each, for a total of 37.4 dB of gain. However, these LNA’s present 
a pour matching at their input, with a 𝑆𝑆11 value of -6 dB, which means that part of the input 
signal of the second LNA is reflexed, and it can interfere with the first LNA [5]. To prevent 
this from happening, a 6 dB Pi attenuator is placed between the two LNAs, which also 
reduces the gain of the Rx amplification stage to around 30 dB. 

With this configuration, the desired signal level of -60 dBm at the SDR input is achieved, 
as shown in Table 3.1. 

Table 3.1. Evolution of the Rx power level in the XCOMMS. 

 In LNA1 Att LNA2 TestPoint Filter1 Mixer Filter2 TestPoint Limiter Att Out 
Worst -88 18.7 -6 18.7 -0.4 -2 -7 -0.8 -0.4 -0.8 -6 -74 
Best -76 18.7 -6 18.7 -0.4 -2 -7 -0.8 -0.4 -0.8 -6 -62 

The schematics of the reception amplification stage are shown in Figure 3.4. 

 
Figure 3.4. Schematic of the Rx Amplification Stage. 

To test the appropriate behavior of the stage, a test point is placed after the DC-block 
capacitor of the second LNA. The test consists of measuring the output power level of the 
stage for different input power levels and frequencies to characterize the amplification 
behavior of the stage and that it satisfies the design. 

3.2. Transmission Amplification Stage 
The transmission amplification stage has the main purpose of increasing the signal power 
from the SDR to the 36 dBm (4 W) required to have a positive link budget for high transfer 
rates and low BER. 

The SDR signal power cannot be larger than -2 dBm as the manufacturer specifies that a 
minimum attenuation of 10 dB has to be set at the output to minimize possible coupling 
effects between Rx and Tx parts [6]. 

In the first part of the amplification stage, two HMC788A gain block amplifiers provide a 12 
dB small signal gain each for a total of around 24 dB, which increases the signal power to 
around 16 dBm for an input power from the SDR of -8 dBm. [7] 
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In the second part of the amplification stage, the MAAP-011193 class A power amplifier 
provides an additional 20 dB of small signal gain and increases the signal to desired 4 W. 
The disadvantage of the class A amplifier is that it an efficiency of less than 30%, and that 
means it can require a supply to up to 16 W for a 4 W output signal. [8] 

The schematic of the transmission amplification stage is shown in Figure 3.5. 

 
Figure 3.5 Schematic of the Tx Amplification Stage. 

A test for the transmission amplification stage is performed to ensure its proper behavior 
and amplification characteristics. 

Since the PA requires a high power consumption, it means that its temperature can 
increase high enough to damage the PA chip if heat is not dissipated properly. A separate 
PA evaluation board, shown in Figure 3.6, is designed to characterize its amplification and 
heating behavior, which uses a computer cooler and fan to dissipate the heat of the chip. 
A secondary purpose of this tests is to find the optimum voltage supply of the amplifier 
drain and gate pins that decrease the consumption while maintaining the level of 
amplification without introducing signal distortion. The PA evaluation board design and 
schematics are attached in Appendix E. 

 
Figure 3.6. PA custom evaluation board. 
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3.3. Frequency Shifting Stage 
The purpose of the frequency shifting stage is to reduce the center frequency of the 
received signal from X-band to 2.4 GHz, and to increase the center frequency of the 
transmitted signal from 2.4 GHz to X-band. This stage includes all the elements related to 
the frequency of the signals. These are the PLL’s, mixers and notch filters. 

A 2.4 GHz center frequency for the SDR is selected for both reception and transmission 
because at this frequency the AD9363 transceiver of the Adalm Pluto has the highest IIP3 
value despite having the highest noise figure, but since the transceiver comes after the 
front-end this won’t affect as much according to the Friis formula for noise shown in (3.1), 
where 𝐹𝐹𝑇𝑇 is the total noise factor, 𝐹𝐹𝑆𝑆𝑆𝑆𝑆𝑆 is the noise factor of the SDR, 𝐹𝐹𝐿𝐿𝐿𝐿𝐿𝐿 is the noise 
factor of each LNA, 𝐺𝐺𝐿𝐿𝐿𝐿𝐿𝐿 is the gain of each LNA. By selecting the same frequency for 
reception and transmission the SDR is able to work in Time Domain Duplex. 

𝐹𝐹𝑇𝑇 = 𝐹𝐹𝐿𝐿𝐿𝐿𝐿𝐿1 +
𝐹𝐹𝐿𝐿𝐿𝐿𝐿𝐿2 − 1
𝐺𝐺𝐿𝐿𝐿𝐿𝐿𝐿1

+ ⋯+
𝐹𝐹𝑆𝑆𝑆𝑆𝑆𝑆 − 1

𝐺𝐺𝐿𝐿𝐿𝐿𝐿𝐿1𝐺𝐺𝐿𝐿𝐿𝐿𝐿𝐿2. . . 
(3.1) 

In the Rx chain, the received signal is first filtered with a BFCN-7200+ band-pass filter to 
attenuate the frequencies outside the 7190-7250 MHz range, then it is down-converted 
using a SIM-14+ mixer that has an oscillator frequency obtained with a LMX-2572 PLL, 
finally the signal is filtered again to attenuate the oscillator leakage of the mixer with a 
distributed-element notch filter.  

In the Tx chain, the transmitted signal is up-shifted using another SIM-14+ mixer that has 
an oscillator reference obtained with a second LMX-2572 PLL, and then it is filtered using 
a distributed-element notch filter to attenuate the oscillator leakage of the mixer. 

3.3.1. Phase-Locked Loops (PLLs) 
The PLLs have to synthetize the local oscillator frequencies for the mixers, that are from 
4790 to 4850 MHz for Rx and 5625 to 6100 MHz for Tx, from a thermally controlled crystal 
oscillator (TCXO) reference. They are implemented with the LMX-2572 PLL from Texas 
Instruments, a Fractional-N PLL that generates the frequencies with a programmable delta-
sigma modulator up to 4th order that allows a resolution below 1 Hz [9]. 

The PLL reference is given by a 25 MHz CMOS TCXO, that sets a square signal of 25 MHz.  

The desired center frequency is obtained by varying the PLL’s N-divider values 𝑃𝑃𝑃𝑃𝑃𝑃𝐿𝐿 , 
𝑃𝑃𝑃𝑃𝑃𝑃𝐿𝐿𝑁𝑁𝑁𝑁 and 𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝐷𝐷𝐿𝐿, which according to (3.2) sets a PLL output frequency 𝑓𝑓𝐿𝐿𝐿𝐿 multiple of 
a reference phase detector frequency 𝑓𝑓𝑝𝑝𝑝𝑝. This phase detector frequency is the result of 
an external oscillator reference multiplied by a doubler 𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷  and a multiplier 𝑃𝑃𝑃𝑃𝑃𝑃𝑁𝑁𝐷𝐷𝐷𝐷𝑀𝑀 
and divided by a pre and a post multiplier R-divider 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐷𝐷𝐷𝐷𝑆𝑆  and 𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆, according to (3.3). 
The phase detector frequency cannot be higher than 250 MHz.  

𝑓𝑓𝐿𝐿𝐿𝐿 = 𝑓𝑓𝑝𝑝𝑝𝑝 ∗ �𝑃𝑃𝑃𝑃𝑃𝑃𝐿𝐿 +
𝑃𝑃𝑃𝑃𝑃𝑃𝐿𝐿𝑁𝑁𝑁𝑁
𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝐷𝐷𝐿𝐿

� 
(3.2) 

𝑓𝑓𝑝𝑝𝑝𝑝 = 𝑓𝑓𝐷𝐷𝑜𝑜𝑜𝑜 ∗ 𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 ∗ 𝑃𝑃𝑃𝑃𝑃𝑃𝑁𝑁𝐷𝐷𝐷𝐷𝑀𝑀 ∗
1

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐷𝐷𝐷𝐷𝑆𝑆 ∗ 𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆
 

(3.3) 

Since the reference provided by the TCXOs has a 45/55 % duty cycle [10], the doubler 
cannot be activated and has to be bypassed, and the multiplier is set to 2 to have a 50 MHz 
phase detector frequency because it will remain in the programmable 37.5 < 𝑓𝑓𝑝𝑝𝑝𝑝  (𝑀𝑀𝑀𝑀𝑀𝑀) ≤
75 margin, which reduces phase noise by assisting in the PLL VCO calibration. The pre 
and post multiplier R-dividers are left to 1. 
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The 𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝐷𝐷𝐿𝐿  parameter is set to 10000, which allows for precise tuning, and the 𝑃𝑃𝑃𝑃𝑃𝑃𝐿𝐿  and 
𝑃𝑃𝑃𝑃𝑃𝑃𝐿𝐿𝑁𝑁𝑁𝑁 parameters are obtained using (3.4) and (3.5) respectively. 

𝑃𝑃𝑃𝑃𝑃𝑃𝐿𝐿 = �
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑦𝑦𝑀𝑀𝑡𝑡𝐷𝐷𝑡𝑡𝐷𝐷𝑀𝑀

𝑓𝑓𝑝𝑝𝑝𝑝
� 

(3.4) 

𝑃𝑃𝑃𝑃𝑃𝑃𝐿𝐿𝑁𝑁𝑁𝑁 = �
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑦𝑦𝑀𝑀𝑡𝑡𝐷𝐷𝑡𝑡𝐷𝐷𝑀𝑀

𝑓𝑓𝑝𝑝𝑝𝑝
− 𝑃𝑃𝑃𝑃𝑃𝑃𝐿𝐿�𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝐷𝐷𝐿𝐿 

(3.5) 

The frequency boundary values for the Rx and Tx PLLs are shown in Table 3.2. By having 
a N divider value greater than 30, the 4th order of the sigma delta modulator can be used, 
which reduces the level of spurs [11], and using higher order N denominators allow fine 
tuning of the output frequency, as the reference will not have exactly the expected 25 MHz 
and will suffer from variations. 

Table 3.2. PLLs parameters configuration. 

𝒇𝒇𝒐𝒐𝒐𝒐𝒐𝒐 (MHz) 𝑷𝑷𝑷𝑷𝑷𝑷𝑫𝑫𝒐𝒐𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫 𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑫𝑫𝑫𝑫𝑷𝑷 𝑷𝑷𝑷𝑷𝑷𝑷𝑴𝑴𝑫𝑫𝑫𝑫𝑴𝑴 𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷 𝒇𝒇𝒑𝒑𝒑𝒑 (MHz) 𝑷𝑷𝑷𝑷𝑷𝑷𝑵𝑵  𝑷𝑷𝑷𝑷𝑷𝑷𝑵𝑵𝑵𝑵𝑴𝑴 𝑷𝑷𝑷𝑷𝑷𝑷𝑫𝑫𝑫𝑫𝑵𝑵 𝒇𝒇𝑷𝑷𝑳𝑳 (MHz) 
25 1 1 2 1 50 94 9000 10000 4790,00 
25 1 1 2 1 50 96 5000 10000 4850,00 
25 1 1 2 1 50 112 2500 10000 5625,00 
25 1 1 2 1 50 122 0 10000 6100,00 

The charge pump circuit allows to software program the level of the correction current 
generated by the phase detector modifying the Charge Pump Gain parameter (CPG). This 
correction current comes from the comparison of the Post-R divider and N divider outputs 
and corresponds to the phase error of the signals. By increasing the CPG, the phase noise 
of the PLL is reduced, but also the closed-loop bandwidth of the PLL, which makes it more 
difficult to succeed in locking the VCO to the target frequency [12]. 

The LMX2572 requires an external loop filter that has to be configured by simulation using 
the Texas Instrument software PLLatinum. The results of the PLL loop filter simulations are 
shown in Appendix F. 

The LMX2572 requires VCO calibration to determine the correct VCO core, the best band 
within the core and the best VCO amplitude setting to be used depending on the target 
tuning frequency. Since the change of tuning frequency can be required by different non-
correlated factors, it is programed in a partial-assist mode, in which the VCO core is 
selected depending on the frequency to be used and the band and amplitudes can be 
estimated using (3.6) and (3.7), which values depend on the VCO frequency according to 
Table 3.3.  

𝑉𝑉𝑉𝑉𝑂𝑂𝐶𝐶𝐿𝐿𝑃𝑃𝐶𝐶𝑇𝑇𝑆𝑆𝐿𝐿𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = �𝑉𝑉𝑁𝑁𝑀𝑀𝑀𝑀 − (𝑓𝑓𝑉𝑉𝐶𝐶𝐿𝐿 − 𝑓𝑓𝑁𝑁𝑀𝑀𝑀𝑀) ∗
𝑉𝑉𝑁𝑁𝑀𝑀𝑀𝑀 − 𝑉𝑉𝑁𝑁𝑡𝑡𝑀𝑀
𝑓𝑓𝑁𝑁𝑡𝑡𝑀𝑀 − 𝑓𝑓𝑁𝑁𝑀𝑀𝑀𝑀

� (3.6) 

𝑃𝑃𝑃𝑃𝑃𝑃𝐿𝐿𝑁𝑁𝑁𝑁 = �
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑦𝑦𝑀𝑀𝑡𝑡𝐷𝐷𝑡𝑡𝐷𝐷𝑀𝑀

𝑓𝑓𝑝𝑝𝑝𝑝
− 𝑃𝑃𝑃𝑃𝑃𝑃𝐿𝐿�𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝐷𝐷𝐿𝐿 

(3.7) 

 

Table 3.3. VCO calibration parameters. 

 



 

 10 

The LMX2572 is programmed using the SPI protocol through a set of 126 24-bit registers 
that consist of an address field that contains a R/W bit and a data field. The MSB is the 
R/W. Setting this bit to 0 means register write, while setting it to 1 means register read. The 
next 7 bits are the address field, ADDR[7:0], and the remaining 16 bits are the data field, 
DATA[15:0].  

In order to program the PLL a programming sequence has to be followed: 

a. If the CE pin is low, pull it high to power on the PLL. 

b. Wait 500 𝜇𝜇𝜇𝜇 to make sure that the internal LDOs are stable. 

c. Make sure that the PLL has a valid clock reference at the OSCin pin. 

d. Reset all registers to their default state. 

e. Program registers in a descending sequence from R125 to R0. 

A library for programming the PLL through the STM32L4 has been written, which includes 
the functions to determine the required parameters from a target frequency given by the 
OBC, according to the specifications detailed in the LMX2572 datasheet. This library can 
be found in Appendix G. 

The LMX2572 allows to tune the PLL output power by changing a 6-bit register field from 
0 to 63, but also specifies that the change is not linear and that for values above 35 the 
change in power is almost negligible. 

The schematics for both Rx and Tx PLLs are shown in Figure 3.7. 

 
Figure 3.7. Schematics of Rx PLL (left) and Tx PLL (right) 

To facilitate the test and characterization of the PLL, an evaluation board for the LMX2572 
has been designed, shown in Figure 3.8. The PLL evaluation board design and schematics 
can be found in Appendix H. This board is programmed using a Nucleo-L476RG 
development board, which is programed using the STM3CubeMX software and adding the 
developed testing code. 

Texas Instruments provides a programming software that allows to graphically set the 
desired configuration to the PLL, bur requires a proprietary cable in order to connect it to 
the PLL. A dedicated code has been developed to avoid the need of using the said cable, 
that uses the register set that can be configured using the TI software. This code is shown 
in Appendix I. 
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Figure 3.8. PLL evaluation board. 

The test of the PLL will consist of four different parts that aim to evaluate the proper 
behavior of the PLL implementation: 

a. Check the VCO frequency lock consistency  

b. Test the PLL programing library. 

c. Optimize the design of the feedback filter and PLL parameters for optimum phase 
noise and lock time. 

d. Characterize the output power of the PLL with respect to the values of the 6-bit 
register. 

3.3.2. Notch Filters 
Distributed-element notch filters are placed after both the Rx and Tx mixers to eliminate 
the local oscillator leakage at the output. This is done because the SIM-14+ mixer has an 
isolation between the local oscillator and the intermediate frequency of 17 dB [13]. The 
notch filters implementation in a Rogers 3010 substrate is shown in Figure 3.9. 

 
Figure 3.9. Rx (left) and Tx (right) notch filters drawings. 

These filters are designed to have a notch that attenuates the local oscillator frequencies 
of the Rx and Tx mixers, while introducing a minimum attenuation at 2.4 GHz for the Rx 
filter and at X-band for the Tx filter. As shown in Figure 3.10, the Rx filter has an attenuation 
of around 30 dB between 4790 MHz and 4850 MHz and an attenuation of 0.8 dB at 2.4 
GHz, and the Tx filter has an attenuation of around 35 dB between 5630 MHz and 6100 
MHz and an attenuation of 0.6 dB at X-band. 
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Figure 3.10. Rx (left) and Tx (right) notch filter S parameters simulation results. 

Since the simulation results might differ from the implementation due to imperfections in 
the fabrication process and variations of the simulation parameters, steps of 0.2 mm length 
are added at the end of each stub of the filter so it can be tuned manually. The variations 
by adding the 0.2 mm steps after the stubs for both filters are shown in Figure 3.11. 

 
Figure 3.11. Step effects on the notch filters. 

3.3.3. Mixers 
The mixers have to do the frequency down-shift and up-shift in Rx and Tx respectively, 
shown in Figure 3.12. The resulting frequencies are a combination of the input and 
reference frequencies generated by the PLLs according to (3.8) for the Tx and (3.9) for the 
Rx.  

 
Figure 3.12. Tx (left) and Rx (right) mixer signals diagram. 

𝑓𝑓𝐼𝐼𝐼𝐼 = 𝑓𝑓𝑆𝑆𝐼𝐼 ±  𝑓𝑓𝐿𝐿𝐿𝐿  (3.8) 

𝑓𝑓𝑆𝑆𝐼𝐼 = 𝑓𝑓𝐼𝐼𝐼𝐼 ±  𝑓𝑓𝐿𝐿𝐿𝐿  (3.9) 

The Rx mixer has to down-convert the X-band received signal to a 2.4 GHz for the SDR, 
and uses a local oscillator frequency between 4790 MHz and 4850 MHz. The Tx mixer has 
to up-convert the SDR transmitted signal from 2.4 GHz to X-band for the antennas, and 
uses a local oscillator frequency between 5625 MHz and 6100 MHz. The different 
frequencies for the mixer are summarized in Table 3.4. 
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Table 3.4. Resulting frequencies of the mixer for Rx and Tx 

 Rx Tx 
RF (MHz) 7190 – 7250 8025 - 8400 
IF (MHz) 2400 2400 

LO (MHz) 4790 - 4850 5625 - 6100 

The mixers performance is tested with the amplification stage and the notch filter for the 
Rx chain and with the notch filter for the Tx chain. These tests will determine if the 
frequency conversion is performed correctly and also the attenuation introduced by the 
frequency shifting stage and the frequency leakages. 

3.4. Digital stage 
The STM32L4 microcontroller (mcu) has to control and monitor the XCOMMS and to 
communicate with the OBC to retrieve information and execute the commands given. This 
stage includes the mcu and its reference clock, the board temperature sensor and the 
watchdog.  

The selected microcontroller is the STM32L431Kx, which is the 32-pin variant of the 
STM32L4 family. It has been selected because it has enough pins to connect all the 
XCOMMS parts and because of board space limitations. Additionally, since it is the 
smallest variant it has less peripherals included which reduces its consumption. [14] 

The mcu has an external 10 MHz clock reference implemented with a TCXO as it will be 
more stable against temperature variations than the mcu internal reference. 

The PLLs are controlled through the CE pin and are connected to the SPI2 bus of the mcu. 
The mcu stores the PLL programming code and controls its tuning frequency depending 
on the tuning frequency required by the OBC. 

The OBC is connected to the mcu using UART in asynchronous mode and without flow 
control with a 115200 bit/s baud rate. It uses 8-bit length words without parity bits and uses 
the KISS protocol to communicate with the OBC. The UART Tx line of the mcu uses the 
STM32L4 DMA (Direct Memory Access), which allows to transmit directly the packages 
stored in memory without intervention from the mcu. A diagram of the communication 
packet used with the OBC is shown in Figure 3.13. 

 

Figure 3.13. KISS packet format. 

This communication protocol consists of sending the information in packets which only 
function is to delimit frames. The packets include a KISS command field, a N-size data field 
and start and finish Frame End (FEND) characters. The protocol uses 4 special characters, 
and specifies that if a FEND character appears in the data field, it has to be translated by 
a two-bit sequence of Frame Escape (FESC) and Transposed Frame End (TFEND). The 
command field of the packet will be configured with the command 0, that specifies that the 
rest of the frame includes data to be sent. [15] 

The data field will contain a 1-byte code field that specifies the type of message and the 
sender, and an information field in plain text that includes information related to the type of 
message, for example if a Tune message is sent, the information field includes which PLL 
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and which frequency to tune. The Code list description is shown in Table 3.5. Finally, a 
CRC field of 2 bytes will be added for error checking. 

Table 3.5. Communications code list. 

Sender Code Event Description 

O
BC

 

1111 1111 XCOMMSOFF Shuts down the XCOMMS subsystem (contingency mode) 
1111 1100 RESET Forces a reset on the mcu state machine 
1100 1111 REPORT Asks for housekeeping data 
1100 1100 SWITCHTx Switches the state of the Tx chain (on or off) 
1100 0011 SWITCHRx Switches the state of the Rx chain (on or off) 
1100 0000 TUNE Tune the Rx or Tx PLL to the desired frequency 

M
CU

 

0000 0000 Confirmation Confirms order from OBC 
0000 1111 Error Reports an error in data field 
0000 0011 Housekeeping Reports housekeeping data 

The LM20BIM7/NOPB temperature sensor from Texas Instruments is connected to a mcu 
GPIO pin, which decodes the temperature between the -55 to 130 ºC range with (3.10) 
according to the manufacturer specifications, using a 12-bit ADC. [16] 

𝑇𝑇 = −2.3654 ∗ 𝑉𝑉𝐷𝐷2 − 78.154 ∗ 𝑉𝑉𝐷𝐷 + 153.857 (3.10) 

The MACP-010572 power meter is connected to a mcu ADC that decodes the transmitted 
power from an analog voltage signal. It includes a wideband RF coupler that samples part 
of the transmitted power.  

A ADM8320WCY29 watchdog will monitor both the mcu supply and a GPIO pin to make 
sure the mcu does not get hung. Either if the mcu supply goes under 2.97 V or if the 
monitored GPIO pin from the mcu is inactive for more than 1.6 seconds, a reset signal is 
triggered on the watchdogs that resets the mcu [17]. Despite that it will be removed in future 
XCOMMS versions, since the STM32L4 has one built inside and by removing the external 
chip the subsystem consumption can be reduced and simplified. 

In order that the mcu has a stable clock reference that doesn’t suffer from thermal drifts, 
an external 10 MHz TCXO is connected as the high speed external signal (HSE) and 
configured to have a 10 MHz reference in all mcu peripherals.  

The schematics of the digital stage are shown in Figure 3.14. 

 
Figure 3.14. Digital stage schematics. 

The XCOMMS mcu software implements a state machine, represented in Figure 3.14. 
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It starts initializing itself and then it programs the PLLs with the last configuration saved 
using the written LMX2572 library. The mcu initialization is done using the STM32CubeMx 
software, that generates a code file from a graphical configuration. 

After initialization, it enters an IDLE state and sets to Stop1 power mode to reduce the mcu 
consumption to around 10 nA. The mcu can exit the Stop1 mode if an interruption signal is 
generated by one of the wake-up peripherals, that is, either the reset, the timer or the UART.  

The timer counts the number of rising edges from a 32.768 Hz internal clock reference. 
When it counts 65.535 + 1 cycles, it means that a second has passed and it triggers a 
signal that wakes-up the mcu and sets it into low-power mode and cycles the GPIO pin 
connected to the watchdog. The timeout is determined with (3.11). Every 5 seconds it also 
makes temperature and transmitted power measurements and stores them in memory in 
case the OBC asks for housekeeping information. 

𝑇𝑇𝑇𝑇𝑇𝑇𝑓𝑓𝑇𝑇𝑓𝑓𝑇𝑇 =
𝑉𝑉𝑀𝑀𝑃𝑃 + 1
𝑃𝑃𝑃𝑃𝑇𝑇𝐿𝐿𝑀𝑀𝑉𝑉𝑃𝑃𝑂𝑂𝑉𝑉𝐶𝐶

 
(3.11) 

If the OBC sends a transmission frame to the mcu, the mcu exits the Stop1 mode and 
decodes the incoming frame, depending on the command of the frame it will either tune 
one of the PLLs, switch the state of the Rx or Tx chains, or retrieve housekeeping 
information. After the action taken, the mcu sends a confirmation message to the OBC 
acknowledging that the action has been performed. 

If the received command is to tune a PLL, the message indicates if the modification has to 
be performed in the reception (Rx) or in the transmission (Tx) one and at which frequency 
it has to be tuned. This information is send in characters.  

If the received command is to retrieve the housekeeping data, the mcu transmits the 
temperature and transmitted power measurements along with a time stamp of the moment 
they were taken, that were previously packed in using the KISS protocol and stored in 
memory using the DMA. 

The mcu can be reset or shutdown externally. If the reset signal is triggered, the mcu begins 
all the process from start. If the shutdown is triggered, the mcu deactivates all the XCOMMS 
stages and sets itself into shutdown mode to reduce the general consumption as much as 
possible. 

 
Figure 3.15. XCOMMS state machine. 

The XCOMMS mcu code can be found in Appendix J. 
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3.5. Power Supply 
The power stage has the main purpose of providing the needed power to elements of the 
XCOMMS from a 12 V unregulated CubeSat supply line. The voltage supplies that the 
XCOMMS needs are 8 V, 5 V, 3.3 V and -1.05 V. The different required supplies and 
consumptions of each component are summarized in Table 3.6. 

Table 3.6. Voltage supplies and current consumptions of the active XCOMMS components. 

Component Function Supply (V) Consumption (mA) 
STM32L4 MCU 3.3 1.05 

ADM8320WCY29 Watchdog 3.3 0.01 
LM20BIM7 Temperature Sensor 3.3 0.01 

TXO-2016-33-100 10 MHz TCXO 3.3 4 
TXO-2016-33-250 25 MHz TCXO 3.3 5.5 

LMX-2572 Rx PLL 3.3 75 
LMX-2572 Tx PLL 3.3 75 

PMA3-83LN+ LNA 1 5 60 
PMA3-83LN+ LNA 2 5 60 

HMC788A Mid Amp 1 5 76 
HMC788A Mid Amp 2 5 76 

MAAP-011193 PA drain 8 2000 
MAAP-011193 PA gate -1.05 ~0 

The power consumption of the XCOMMS depends on its operation mode. When all parts 
are active because the CubeSat is transmitting and receiving, the expected power 
consumption is of around 18 W, as 16 W are required for the PA. When the XCOMMS is 
in IDLE mode, since just the digital stage will be active the power consumption is reduced 
to 0.035 W. 

To obtain the desired voltage supplies, first the 12 V from the main CubeSat EPS is 
switched down to 8 V with a TPS56637 buck converter from Texas Instruments and then 
the 8 V are switched to 5 V and 3.3 V using the same converter model. This implementation 
has changed from using the TPS65253, which was a dual converter, to increase reliability 
and keep the design simple. The -1.05 V is obtained from the 5 V using a LMC7660 inverter 
and a resistor divider, since it will drive the gate of the PA which draws close to 0 mA 
according to the manufacturer [18].  

A diagram of the power supply stage is shown in Figure 3.16. 

 
Figure 3.16. Power Supply stage diagram. 
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The TPS56637 has a fixed switching frequency of 500 kHz. It provides up to 6 A in 
continuous conduction mode (CCM), which is above the XCOMMS current consumption. 
The output voltage is set with a 1% tolerance resistor divider from the output node to output 
feedback node with (3.9). An external inductor and load capacitance form the output LC-
filter and sets the frequency of the double pole of the converter, whose values are obtained 
from the manufacturer datasheet. [19] 

𝑉𝑉𝐷𝐷𝐷𝐷𝑀𝑀 = 0.6 ∗ �1 +
𝑅𝑅6
𝑅𝑅7
� 

(3.12) 

The power supply schematic stage is shown in Figure 3.17. 

  
Figure 3.17. Power Supply stage schematics. 

The test of the XCOMMS power supply will determine the precision of the output and 
efficiency of the buck converters, but also the heat generated while under heavy load. To 
test different loads, power resistors of different values will be used as constant current 
loads. The values of the loads for each converter are summarized on Table 3.7 depending 
on the total current they have to draw. 

Table 3.7. Values of the constant current loads. 

Converter Supply Consumption Approx. Load 
Buck 1 8 V 2000 mA 4 Ω 
Buck 2 5 V 272 mA 18 Ω 
Buck 3 3.3 V 160.57 mA 20 Ω  
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4. Results 

This chapter presents the results of the tests and measurements of the different stages 
and development boards performed, which allow validate the functionary of the designs 
and to quantify their performance. 

As mentioned before, the PCBs are fabricated in the Nanosatlab facilities. To be able to 
manufacture them the XCOMMS is divided into two separated PCBs, the first one includes 
the digital and power supply stages and is fabricated in FR-4 substrate, while the second 
one includes all the RF stages and is fabricated in Rogers-3010 substrate of 0.25 mm of 
width, this way the width of the RF traces can be reduced to 0.22 to save board space. 
This also helps during the testing of the subsystem as the stages can be isolated from each 
other, simplifying troubleshooting. During the project a total of 3 RF boards, 3 low frequency 
boards, a PLL evaluation board and a PA evaluation board have been manufactured. The 
manufactured boards are depicted in Figure 4.1. 

 
Figure 4.1. Manufactured PCBs and test boards mounted over a 3D-printed base. 

The measurements have been performed using the VAT-6+ series of RF attenuators and 
the MS-156-hrmj-h1 test probe, which are rated for up to 6 GHz, and since the project will 
operate up to 8.4 GHz this meant that they had to be characterized to take their extra 
attenuation into account in the tests measurements. The results obtained are presented in 
Appendix K.  

The attenuation introduced by the test probe depends on the frequency range. If the 
frequency is below 6 GHz the attenuation of the probe is of between 5 and 8 dB. If the 
frequency is between 7.19 GHz and 7.25 GHz the attenuation of the probe is of around 12 
dB. If the frequency is between 8.025 GHz and 8.4 GHz the attenuation of the probe is of 
around 13 dB. These high attenuations are because the measured frequency are over the 
6 GHz maximum rating of the probe, and also because the male pin of the probe could 
have been damaged because of its high number of usages. Additionally, depending on the 
inclination of the test probe, the attenuation can vary between ± 0.6 dB. 
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Since the external attenuators used in the measurements are also rated for a maximum of 
6 GHz, it means that the attenuation introduced is of between 2 and 6 dB higher than the 
ones specified, according to their characterization. 

4.1. Rx Amplification Stage Test 
The Rx amplification stage test aims to validate the design and quantify the performance 
of the two cascaded LNAs with the PI-attenuator in between of the Rx chain. The results 
of the Rx amplification stage test obtained are shown in Appendix L. 

The stage is expected to provide a total amplification of 31.4 dB, from which each LNA 
provides 18.7 dB of small signal gain and the PI-attenuator attenuates the signal by around 
6 dB. As specified by the manufacturer, the consumption should be of 120 mA in total, each 
LNA demanding 60 mA with a 5 V supply. 

The tests show that the total gain of the Rx amplification stage depends on the level of the 
input signal. For an input signal of -88 dBm the stage gain is 30.4 dB, for an input signal of 
-84 dBm the stage gain is 30.3 dB, for an input signal of -80 dBm the stage gain is 29.2 dB 
and for an input signal of -76 dBm the stage gain is 29.3 dB.  

The stage has a total current consumption of 105 mA, which is less than the expected, and 
means that the power required for the stage is 525 mW. 

Table 4.1 summarizes the small signal gain and consumption for different frequencies and 
input signal levels. 

Table 4.1. Gain and Consumption of the Rx Amplification Stage. 

Input Power Small Signal Gain Consumption (mA) 
-88 dBm 30.4 dB 105 mA 
-84 dBm 30.3 dB 105 mA 
-80 dBm 29.2 dB 105 mA 
-76 dBm 29.3 dB 105 mA 

4.2. Power Amplifier Test 
The PA evaluation board designed is used to characterize the power amplifier behavior. 
This way the sources of errors can be isolated from the rest of the subsystem and the PA 
can also be characterized independently. Moreover, it helps to characterize the heat 
generated by the amplifier to avoid damaging close components in the XCOMMS board. 
The measurements obtained from the PA evaluation board are shown in Appendix M. 

The tests show that there is an error with the power amplifier implementation, as the bench 
power supply indicates a drain current consumption higher than the 2000 mA specified by 
the manufacturer. Although this would seem like there is a short-circuit in the 
implementation, the supply still provides around 3 V and a total DC power of around 8 W, 
which allows the amplifier to provide a small signal gain of around 14 dB between 8000 
MHz and 8500 MHz, which indicates that the PA is providing an amplification gain. 

Varying the negative gate voltage show that when a smaller (more negative) voltage is 
provided, the small signal gain is increased. 

Despite changing the PA chip for a new one and removing all components the issue could 
not be solved. The gain measurements obtained are shown in Figure 4.2. 
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Figure 4.2. PA Gain with -25 dBm input vs Vg. 

If two power supplies are connected in parallel to provide a higher current, the PA output 
starts oscillating. At this point the PA was disconnected to the power supply to avoid any 
damage either in the chip or the laboratory instruments. 

4.3. Phase-Locked Loops Test 
The PLL evaluation board has been used to validate the PLL designs in the Rx and Tx 
chains of the XCOMMS. The measurement results of the PLL are shown in Appendix N. 

At first, PLL could not be set to output any desired frequency because the registers were 
not programmed in descending order, which showed that the order of programming was 
compulsory.  

Once the PLL output was set, the VCO’s lock to the desired frequencies could not be 
achieved with the initial configuration of the feedback filter and PLL parameters. This was 
detected because the PLL set an output signal of 3063 MHz with a second order harmonic 
of 6126 MHz, which is an indicative that the VCO has not started. Several actions have 
been done to achieve the lock of the PLL to the desired target frequency: 

− Changing the filter configuration has been tried using the PLLatinum simulating 
tool, either optimizing for loop bandwidth, phase margin and gamma. The highest 
probability of lock occurred when decreasing the gamma value of the filter as 
close to 0.4 as possible, in comparison with the initial filters were designed with 
a gamma of 4. Despite sometimes achieving the lock to the target frequency, the 
lock happened randomly, most of the times without occurring. 

− The position of the filter components in the PLL layout showed an increase of 
lock probability when placing the single capacitor as close to the output signal pin 
as possible. 

− Increasing the level of power of the reference oscillator showed an increase of 
lock probability and also a decrease in the phase noise of the output signal. 
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− The lock was achieved when the internal 50 Ω reference termination of the PLL 
was disabled, setting the input to high impedance. This ensured that the PLL 
tuned to the desired frequency always. 

The phase noise level of the tuned signal decreased when the power of the reference signal 
was increased, and also when the phase detector frequency was set to always stay inside 
the VCO calibration programmable ranges. For example, if the phase detector frequency 
was configured to be 100 MHz, depending on the oscillator reference variations of the 
signal generator due to temperature, the oscillator reference frequency would tend to 
increase, which meant that the phase detector frequency would be over 100 MHz and that 
the VCO calibration had to be changed. If not, the tuned signal presented a lot of phase 
jitter. 

The PLL output presents frequency variations of around ± 5 MHz when the device is under 
physical vibrations. 

The PLL allows to tune the output frequency power by programming a digital level between 
0 and 63, but increasing the output power also increases the power consumption. Figure 
4.3 shows a comparison between the output power and PLL consumption for different 
digital levels, and it can be seen that for digital levels higher than 45 the increase in power 
is minimal. The optimal configuration is for a digital level of 30, in which the output power 
is of -8 dBm and that the PLL consumption is 94 mA. 

 
Figure 4.3. Output power of the PLL vs digital level. 
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4.4. Power Test 
The power test is designed to validate the power supply design and to characterize its 
efficiency. The test consists of simulating different supply loads to the converters by 
connecting different combinations of resistors. A total of four loads will be used: 

− Open circuit load, which simulates a minimal consumption of the components when 
shutdown. 

− 220 Ω load, which simulates the consumption of the digital stage and the PLLs. 

− 20 Ω load, which simulates the consumption of the Rx amplification stage and the 
middle amplifiers of the Tx amplification stage. 

− 4 Ω load, which simulates the load of the PA. 

The results of the measurements performed are shown in Appendix O.  

The first part of this test consists of powering the converters individually to validate their 
design. From them it can be seen that when connecting the higher loads to the converters, 
which is the 4 Ω load, the voltage drops around 0.1 V from the target voltage of the 
converter.  

The highest efficiencies of the converters are achieved when they have the highest 
consumption. Since each converter will have a maximum load determined by the 
components connected to it, the efficiency of their design can be quantified: 

− The 3.3 V converter has an efficiency of 46 %. 

− The 5 V converter has an efficiency of 81 %. 

− The 8 V converter has an efficiency of 87 %. 

Due to the configuration of the converters, they have an idle consumption of 6 mA, that is 
when their outputs are left in open circuit. 

Because of the amount of power goes through the 8 V converter, it dissipates heat and 
increases its temperature. By performing a test of 10 minutes of duration the converter 
raised up to around 50 ºC, measured with a thermocouple placed over the converter. 

When performing the global power supply test, which is to connect the 220 Ω load to the 
3.3 V converter, the 20 Ω load to the 5 V converter and the 4 Ω load to the 8 V converter 
simultaneously, an electrical arc appeared between one of the pads of the 8 V inductor and 
the ground plane because one corner of the pad was directly facing an edge of the ground 
plane. This arc damaged the converters and prevented the global test to be completed, 
and also showed an error in the power supply layout. 

4.5. Reception End-to-End Test 
The reception end-to-end test is performed to validate the implementation of the complete 
reception chain. To do it, the XCOMMS has as a received signal a tone with a frequency 
from 7190 MHz to 7250 MHz and power between -88 dBm to -76 dBm entering through 
the Rx antenna connector, and a LO reference signal for the mixer with a frequency from 
4790 MHz to 4850 MHz and a power of 10 dBm entering through the Rx PLL test point, as 
the maximum power of the LO generated signal by the PLL is -3.4 dBm which is not high 
enough. The Tx PLL test point has to be placed in the opposite direction in order to allow 



 

 23 

the input signal to go to the mixer. The output signal is measured in the Rx SDR SMA 
connector. 

When doing the test, a high power signal over -20 dBm at 7060 MHz was detected after 
the Rx amplification stage when connecting the external bench power supply that powers 
the amplifiers at 5 V and with no input signals. Because of this tone, the LNAs cannot 
amplify the desired input signal and the output of the LNAs is wrong. Future tests need to 
be conducted in order to determine the origin of this high power interference and to perform 
a correct reception end-to-end test. 

4.6. Transmission End-to-End Test 
The transmission end-to-end test is performed to validate the implementation of the 
complete transmission chain. To do it, the XCOMMS has as an input signal coming from 
the SDR a tone at 2400 MHz and at -10 dBm through the SDR Tx connector, and a LO 
reference signal for the mixer with a frequency from 5625 MHz and 6000 MHz and a power 
of 10 dBm entering through the Tx PLL test point, as the maximum power of the LO 
generated signal by the PLL is -3.4 dBm which is not high enough. The Tx PLL test point 
has to be placed in the opposite direction in order to allow the input signal to go to the mixer. 
The output signal is measured at the test point before the power amplifier, since it is not 
properly controlled yet and to avoid damaging other components. 

Since two MS-156C test probes are required for this test it cannot be performed, as there 
is just one in the laboratory.  
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5. Budget 

The budget of this project is distributed into the components used for the XCOMMS 
prototypes, the software and hardware and the human resources used during the 6 months 
that this project has last. The different cost parts of the budget are summarized in Table 
5.1. The total cost of the project is 9453.37 €. 

Table 5.1. Project costs. 

Budget parts Cost 
Components 279,95 € 

Software 221,7 € 
Hardware 2.781,82 € 

Human Resources 10.452 € 
Total Budget 13.735,47 € 

The components cost is directly obtained from the sum of the cost of each component per 
board. This adds to 275,95 € spent in components for prototyping a total of 3 complete 
boards, as some components where reused from one version to another. The Bill of 
Materials (BoM) for the XCOMMS can be found in Appendix Q. 

The software cost comes from the Altium Designer license used during this project, which 
is 36,95 € per month and adds to 221,7 €. Since the ADS license was a trial version it adds 
no extra cost. 

The hardware cost adds to 2.781,82 € and includes the instruments used during the 4-
month duration of the project. These instruments are the multimeter, power supply, 
oscilloscope, spectrum analyzer, function generator and signal generator, summarized in 
Table 5.2.  

Table 5.2. Hardware costs. 

Instruments Useful life Price Cost 
Multimeter 2 years 144,5 € 24,08 € 

Power supply 5 years 145,2 € 9,68 € 
Oscilloscope 5 years 800 € 53,3 € 

Spectrum analyzer 5 years 20.000 € 1.333,3 € 
Function generator 5 years 180 € 12 € 
Signal generator 5 years 20.242 € 1349.46 € 

The human resources include the cost of the hours used from laboratory technician, which 
has a total cost of 25.26 € per hour, which comes from the 12 € per hour salary of the 
technician with an added 50% of taxes and a 40.25% UPC overhead, and includes the 
soldering instruments used. For a total of 200 hours of technician used during the project 
this adds to 5.052 €. Additionally, the cost of a junior engineer is of 10 € per hour, and the 
project has had an estimated total duration of 540 hours which adds to 5.400 € for the 
duration of the project. The total spent for human resources is 10.452 €. 
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6. Conclusions and future development:  

Due to the duration of this project and its scope, and the situation because of the Covid-19 
global pandemic, not all objectives have been able to be fulfilled.  

The design of the XCOMMS consists of the front end part of the communications 
subsystem of the 3CAT-NXT CubeSat that operated at X-band frequencies complying with 
ITU regulations and with requirements XCOMMS-03. The uplink received signal will be 
between the 7190 to 7250 MHz frequency range and be downshifted to a 2.4 GHz central 
frequency for the Adalm Pluto SDR acting as a transceiver. The downlink signal will be 
generated by the Adalm Pluto SDR and upshifted between 8025 and 8400 MHz to be 
transmitted with a 4 W power level. 

The tests performed during the project have allowed to correct design errors in the 
XCOMMS that otherwise could not be detected, and to propose a version 2 of the 
subsystem. These errors have occurred at different levels: in the components footprints, in 
the PCBs layout and in component selection and design. This could have not been possible 
without the prototyping performed in the Nanosatlab, as manufacturing the PCBs in 
external factories would have meant additional delays between tests. 

The development of the evaluation boards has eased the testing and characterization of 
the PLL and the PA.  

Regarding the Reception Amplification Stage, its design is validated and proved to provide 
the expected 31 dB of small signal gain at the reception frequency range, and in 
combination with the Adalm Pluto SDR it complies with requirements XCOMMS-01, 
XCOMMS-06, XCOMMS-07 and XCOMMS-09. 

Regarding to the Power Amplifier, it has not been possible to perform a characterization 
because the amplifier demanded much more current than what it is expected to, which 
indicates either an error in the design, in the implementation or in the chip. This error has 
not been possible to be found. Despite that, the PA has proven to provide a small signal 
gain of 14 dB with an 8 W power consumption, which indicates that it might be possible to 
reduce the consumption from the 2000 mA specified. 

Regarding to the PLL, the frequency lock has been achieved and made stable by a 
combination of a change in the feedback filter design and placement, an increase of the 
power of the PLL reference, and by setting the input reference path to high impedance 
instead of 50 Ω. Despite that, the PLL presents variations in the output frequency when it 
is under vibrations, which indicates that the locking has to be improved. Since the maximum 
power level achievable by the PLL is of -3.4 dBm, which is less than the 7 dBm required 
by the mixer to do the frequency conversion, it means that the PLL output signal has to be 
amplified before entering the mixer. A PLL library has been written and tested to integrate 
its programming in the mcu software. 

The reception end-to-end test showed that when powering the LNAs with the bench power 
supply, a high power tone of more than -10 dBm at 7060 MHz appears after the LNAs 
without having other input signals to the XCOMMS. This impedes that the input low level 
tone to be amplified, and happen because the LNAs are oscillating. Future tests need to 
be conducted to perform a correct reception end-to-end test. 
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The transmission end-to-end test could not be performed due to a lack of MS-156C test 
probes in the laboratory, as an additional one was required to measure the output signal at 
the test point before the PA. 

Regarding to the Digital Stage, a STM32L4 mcu will govern the subsystem by implementing 
a state machine, which includes programming the PLLs, obtaining temperature and 
transmitted power measurements and to communicate with the OBC. This communication 
will be performed using the KISS protocol and by introducing a command byte that indicate 
the type of action and the sender. The characterization of the temperature and transmitted 
power sensors could not be performed. 

Regarding to the Power Supply, the 8 V, 5 V and 3.3 V converters provide their desired 
output voltage even under high load with less than 0.1 V of deviation. The efficiency of the 
converters when under their designed loads is of 87% for the 8 V converter, 81% for the 5 
V converter and 46% for the 3.3 V converter. A major layout error between the 8 V converter 
inductor pad and the ground plane generated a voltage arc that damaged the converters 
and prevented the global power supply test to be fulfilled. 

The future steps to be followed in this project are, among others: 

− Test and tune the complete frequency shifting stage to tune the notch filters. 

− Perform an end to end test for both the Rx and Tx chains. 

− Characterize the behavior of the PA and search for a substitute that is not a class-
A and requires lower current consumption. 

− Complete the mcu code with the KISS protocol implementation. 

− Change the power meter, which despite being rated for +40 dBm the measured 
power has a no-linear behavior above 15 dBm. 

− Remove the external watchdog as the STM32L4 has one inside the chip and it 
will decrease the current consumption of the subsystem and simplify the design. 

− Characterize the subsystem at different temperatures. 
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Appendix A. Work Plan and Gantt Diagram 

A.1 Work Packages 
Project: X-COMMS 3CAT-NXT PCB Design 
Major constituent: PCB design WP ref: 1 
Short description: 
Includes the hardware development and revisions after the tests of the 
front-end module. 
 

Planned start date: 14/09/2020 
Planned end date: 15/12/2020 
Start event:  
End event: 

Internal task T1: LF PCB corrections 
Internal task T2: RF PCB corrections 
Internal task T3: X-COMMS v2 
Internal task T4: X-COMMS v3 

Deliverables: 
X-COMMS v2 
X-COMMS v3 

Dates: 
02/11/2020 
14/12/2020 

 
Project: X-COMMS 3CAT-NXT Software 
Major constituent: Software WP ref: 2 
Short description: 
Includes the software development both for the microcontroller and the 
PLLs. 

Planned start date: 29/07/2020 
Planned end date: 04/11/2020 
Start event: 
End event: 

Internal task T1: STM32 SW learning 
Internal task T2: STM32 Code definition 
Internal task T3: Programming STM32 core 
Internal task T4: PLL programming 
Internal task T5: X-COMMS software 

Deliverables: 
STM32 SW doc 
 

Dates: 
05/10/2020 

 
Project: X-COMMS 3CAT-NXT Test Plans 
Major constituent: Tests WP ref: 3 
Short description: 
Includes the test plans for all the tests that will be carried to ensure that the 
front-end works as desired. They will be included in the Test Specifications 
and Procedures document. 

Planned start date: 21/09/2020 
Planned end date: 22/01/2021 
Start event: 
End event: 

Internal task T1: Power Test  
Internal task T2: PLL evaluation  
Internal task T3: PA evaluation 
Internal task T4: Rx Test 
Internal task T5: Tx Test  
Internal task T6: Rx & Tx Test  
Internal task T7: Functional Test  
Internal task T8: Environmental Test 

Deliverables: 
Power TSP 
Rx TSP 
Tx TSP 
Rx & Tx TSP 
Functional TSP 
Environmental 
TSP 

Dates: 
28/09/2020 
02/12/2020 
04/12/2020 
09/12/2020 
22/12/2020 
15/01/2021 

 
Project: X-COMMS 3CAT-NXT Deliverables 
Major constituent: Project Main Deliverables WP ref: 4 
Short description: 
Includes the three main project deliverables.  

Planned start date: 21/09/2020 
Planned end date: 22/01/2021  
Start event: 
End event: 

Internal task T1: Project Proposal and Work Plan  
Internal task T2: Critical Review 
Internal task T8: Final Review 

Deliverables: 
PP&WP 
CR 
FR 

Dates: 
05/09/2020 
30/11/2020 
22/01/2021 
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A.2 Milestones List 
WP# Task# Short title Milestone / deliverable Date (week) 
1 1 LF PCB corrections LF PCB corrections 2 
1 2 RF PCB corrections RF PCB corrections 5 
1 3 PCB revision XCOMMS v2 8 
1 3 XCOMMS v2 implemented XCOMMS v2 implemented 10 
1 4 PCB revision XCOMMS v3 14 
1 4 XCOMMS v3 implemented XCOMMS v3 implemented 15 
2 1 STM32 code definition STM32 SW document 4 
2 2 STM32 SW learning STM32 connection 5 
2 3 Program STM32 core STM32 code test 7 
2 4 PLL programming PLL test 11 
2 5 XCOMMS software XCOMMS SW test 13 
3 1 Power Test plan definition Power Test 3 
3 2 PLL Evaluation PLL Characterizations 11 
3 3 PA Evaluation PA Characterizations 12 
3 4 Rx Test plan definition Synthetic Rx Test 12 
3 5 Tx Test plan definition Synthetic Tx Test 12 
3 6 Rx & Tx Test Rx & Tx Test 13 
3 7 Functional Test plan definition Functional Test 14 
3 8 Environmental Test Environmental Test 17 
4 1 Project Proposal and Work Plan PP&WP 4 
4 2 Critical Review CR 12 
4 3 Final Review FR 19 
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A.3 Gantt Diagram 
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Appendix B. XCOMMS revisions 

B.1 XCOMMS v1 

− First design implementation. 

B.3 XCOMMS v2 

− Layout modifications. 

− Footprint corrections. 

− Increase in clearance between components. 

− Width increase in low frequency connections. 

− Connections to the XCOMMS mcu changed. 

− Thermal vias added close to the PA and DC-DC converters. 

− Crossover added in Rx chain. 

− RF TCXO pull-up transistor removed. 

− MS-156C test points added instead of the coupler and connector configuration. 

− Dual buck converter substituted by two TPS56637 single converters. 

− Analog ground planes added for the buck converters. 

− Serial capacitors in the RF lines changed to higher Q. 

B.4 XCOMMS v2.1 

− Footprint corrections. 

− Layout modifications. 

− Reduction in the number of 1mm via. 

− PLL feedback filter layout modified. 

− Test points added after Rx and Tx amplification stages. 
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Appendix C. XCOMMS design 

C.1 Layer Stack and fabrication 
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C.2 XCOMMS Schematics 
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C.3 Top layer Layout 

 

C.4 GND layer Layout 
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C.5 Power layer Layout 

 

C.6 Bottom layer Layout (mirrored) 
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C.7 XCOMMS BoM 
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Appendix D. Tests Specifications and Procedures  

D.1 Rx Amplification Stage Test  

Test description and goal 

The objective of this test is to quantify the amplification performance of the reception stage 
of the X-COMMS with a tone at different frequencies as the input signal.  

List of material needed:  

• Coaxial cables with SMA connector, 

• MS-156 RF probe, 

• Signal generator, 

• Spectrum Analyzer with at least 10 GHz maximum input frequency, 

• Power supply, 

• X-COMMS RF breakout board, 

• Female to male SMA cables, 

• 2x banana cables, 

• 2x crocodile-banana clips, 

• DC power supply 

Step-by-Step Procedure 

1. Connect the power supply to the 5 V line that power the Rx amplifiers through the 
breakout board. 

2. Connect the MS-156C test probe at the test point after the LNAs. 

3. Perform an input tone frequency sweep from 7190 MHz to 7250 MHz with 10 MHz 
steps and powers from -88 dBm to -76 dBm. 

4. Measure the amplified signals with the Spectrum Analyser. 
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D.2 Tx Amplification Stage Test  

Test description and goal 

The objective of this test is to quantify the amplification performance of the transmission 
stage of the X-COMMS with a tone at different frequencies as the input signal.  

List of material needed:  

• Coaxial cables with SMA connector, 

• 2x MS-156 RF probe, 

• Signal generator, 

• Spectrum Analyzer with at least 10 GHz maximum input frequency, 

• Power supply, 

• X-COMMS RF breakout board, 

• PA evaluation board, 

• Female to male SMA cables, 

• 60 dB of attenuators, 

• 2x banana cables, 

• 2x crocodile-banana clips, 

• DC power supply 

Step-by-Step Procedure 

1. In the PA evaluation board, connect one channel of the power supply to the 5 V line 
that powers the inverter and the cooling fan, the red cable, and another channel of the 
power supply to the 8 V line that power the PA, blue cable. 

2. Set the maximum current of the 8 V line to 2.1 A and of the 5 V line to 0.5 A in the 
power supply. 

3. Connect the output of the PA evaluation board to the spectrum analyzer with the 60 dB 
of attenuator in between. 

4. Turn on the 5 V of the power supply and measure the voltage at the resistor divider 
after the inverters, if it is not -1.05 V cancel the test and revise the hardware. 

5. Connect the signal generator to the input of the PA evaluation board and perform a 
frequency sweep from 8025 MHz to 8400 MHz with a power of 10 dBm. 

6. Turn on the 8 V of the power supply and measure the output power with the spectrum 
analyser. 

7. Disconnect the PA evaluation board once finished. 

8. Connect the power supply to the 5 V line that power the Tx amplifiers through the 
breakout board. 
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9. Connect the MS-156C test probe at the test point before the middle amplifiers of the Tx 
chain and connect it to the signal generator. 

10. Connect the other MS-156C test probe to the test point after the mid amplifiers of the 
Tx chain and connect it to the Spectrum analyzer with 30 dB of attenuator in between. 

11. Perform an input tone frequency sweep from 8025 MHz to 8400 MHz with 10 MHz 
steps and power of -10 dBm. 

12. Measure the amplified signals with the Spectrum Analyser. 
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D.3 PLLs Test 

Test description and goal 

The objective of this test is to quantify the amplification and frequency shifting performance 
of the reception and transmission stages of the X-COMMS with a tone at different 
frequencies as the input signal. The PLL characterization, which will consist measuring the 
output frequency and power for different targets and the commutation time between them. 

List of material needed:  

• Coaxial cables with SMA connector, 

• MS-156 RF probe, 

• Signal generator, 

• Spectrum Analyzer with at least 10 GHz maximum input frequency, 

• 40 dB of SMA attenuators, 

• Power supply, 

• TICS PRO software, 

• NUCLEO-L476RG, 

• X-COMMS RF breakout board, 

• Female to female cables, 

Step-by-Step Procedure 

1. Connect the RF breakout board to the Reception side of the RF board using the female 
to female cables. The pins that need to be connected are 3V3, Rx_CSB, Rx_CE, 
Rx_SCK, Rx_SDI and Rx_OSCin, the others can be left unconnected. 

2. Configure the TICSPro program according to Figure 1. 
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Figure 1, Tx RF board pin description. 

3. Connect the PLL power pins to a power supply set to 3.3 V and power it on. 

4. Connect the SPI pins to the NUCLEO-L476RG development board and connect it to a 
computer. Open the LMX2572 test code in STM32CubeIDE. 

5. Connect the MS-156 probe to T1 test point. The probe will be connected to the 
Spectrum Analyzer to see the behavior of the output of the PLL. 

6. Make sure that the User Control parameters are set in TICS PRO as in Figure 2 and 
Figure 3 respectively. 

 
Figure 2, User Control constant parameters for the Rx PLL tests. 
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Figure 3, PLL constant parameters for the Rx PLL tests. 

7. Export the register map from TICSpro, copy the registers to a EXCEL sheet, add 
“commas” in the boxes next to the register value except on the R125, and copy the 
register value column with the commas to the R_default[] array on the LMX2572 test 
code. Upload the code to the NUCLEO-L476RG. 

8. Measure the output of the PLL with the Spectrum Analyzer  

9. Repeat steps 6 to 10 until all PLL tests are performed. 
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D.4 Power Test  

Test description and goal 

The objective of this test is to determine whether the different power converters of the X-
COMMS board output the desired supply voltage from an unregulated 12 V input using 
different resistive loads that will be connected to the 8V, 5 V and 3.3 V outputs. These loads 
will be changed to gradually increase the current that passes through the converters during 
the test, from few milliampere up to the desired output power.  

This test should be done without the top and middle layers being attached to the X-COMMS, 
as the voltage conversions are done in the low frequency board, thus preventing damage 
to the RF board during the testing phase and other components. Additionally, the three 
main parts of the low frequency board (first converter, second converter and mcu) should 
be isolated from each other for protection during the test, by splitting their power lines. 

List of material needed:  

• Bottom PCB of the X-COMMS board 

• MoBo_Testing board 

• DC Power supply 

• Multimeter 

• Resistive loads of 220 Ω, 20 Ω and 4.7 Ω. 

• 4x M3 screws 

• 4x M3 spacers 

• 2x banana cables 

• 2x crocodile-banana clips 

Step-by-Step Procedure 

1. Isolate the two DC-DC converters by splitting the 8 V line making a physical cut.  

2. Connect the 220 Ω resistive load between the output of the first DC-DC converter and 
the ground plane. 

3. Place the bottom layer of the X-COMMS board over the MoBo_Testing board using the 
4 M3 spacers and screws as shown in Figure 4. Make sure that the connector of the X-
COMMS board makes contact with the corresponding pads on the MoBo_Testing 
board. 
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Figure 4 Top and side view of X-COMMS placed above MoBo_Testing board. 

4. Connect the DC power supply to the PCB header located in the MoBo_Testing board 
making sure that the polarity of the connector matches the pin designators of 12 V and 
GND. Set the DC power supply to a 12 V output and limit the current to a maximum of 
50 mA.  

5. Measure precisely the value of the resistive load and compute the expected output 
current. Measure the voltage at the input of the converter. Measure the voltage between 
the load and the ground plane and the power consumption at the input of the converter. 
Calculate the efficiency of the converter.  

6. Repeat steps 2 to 5 with the 20 Ω and 4.7 Ω loads, increasing the limit current of the 
power supply to 0.5 A and 1.5 A respectively.  

7. Turn off the power supply. 

8. Solder a cable for the 8 V input of the second DC-DC converter in the 8 V line after the 
split.  

9. Connect the 220 Ω resistive load between the output of the second DC-DC converter 
and the ground plane. 

10. Connect the DC power supply to the 8 V cable soldered, and set it to 8 V output and 
limit the current to a maximum of 30 mA.  

11. Measure precisely the value of the resistive load and compute the expected output 
current. Measure the voltage at the input of the converter. Measure the voltage between 
the load and the ground plane and the power consumption at the input of the converter. 
Calculate the efficiency of the converter.  

12. Repeat steps 9 to 11 with the 20 Ω load, increasing the limit current of the power supply 
to 0.3 A.  

13. Turn off the power supply. 
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14. Connect the 220 Ω resistive load between the output of the second DC-DC converter 
and the ground plane. 

15. Connect the DC power supply to the 8 V cable soldered, and set it to a 8 V output and 
limit the current to a maximum of 20 mA.  

16. Measure precisely the value of the resistive load and compute the expected output 
current. Measure the voltage at the input of the converter. Measure the voltage between 
the load and the ground plane and the power consumption at the input of the converter. 
Calculate the efficiency of the converter. 
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Appendix E. PA Evaluation Board 

E.1 PA Evaluation board schematics 
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E.2 PA Evaluation board layout 
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E.3 PA Evaluation board view 
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E.4 PA Evaluation board BoM 
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Appendix F. LMX2572 PLLatinum Filter Simulations 

https://www.ti.com/tool/PLLATINUMSIM-SW 

F.1 Rx Simulation 

 

F.2 Tx Simulation 
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Appendix G. LMX2572 Library Code 

G.1 lmx2572.c 
/*  *************** README ************* 
 *  This driver includes the needed register programming for using the PLL of the 
LMX2572, 
 *  some configurations have not been implemented since from default are 
deactivated. 
 * 
 *  Implemented: User control registers, PLL, VCO Partial Assist, outputs, CPG 
 * 
 *  To implement: FSK, Ramping, Burst Mode, SYSREF Divider, MASH and Phase 
Synchronization 
 *  ************************************/ 
 
#include "lmx2572.h" 
 
// Determine N, NUM and DEN values from target frequency 
void LMX2572_det_param(struct PLL pll){ 
    pll.fpd = pll.Fosc * pll.osc_2x * pll.pll_r_pre * pll.pll_r * pll.mult; 
    pll.pll_n = pll.frequency/pll.fpd; 
    pll.pll_den = 1000; 
    pll.pll_num = (pll.frequency/pll.fpd-pll.pll_n)*pll.pll_den; 
    pll.Fvco = pll.fpd * pll.pll_n + (pll.pll_num * pll.fpd / pll.pll_den); 
} 
 
// Writes a register to the PLL 
void LMX2572_write(struct PLL pll, SPI_HandleTypeDef *hspi, uint32_t value) { 
    uint8_t spi_buf[3] = {0,0,0}; 
    uint8_t port; 
    uint8_t pin = pll.pin; 
    spi_buf[2] = value; 
    spi_buf[1] = value >> 8; 
    spi_buf[0] = value >> 16; 
    HAL_GPIO_WritePin(&port, &pin, GPIO_PIN_RESET); // CSB LOW 
    HAL_SPI_Transmit(hspi, spi_buf, 3, 100); 
    HAL_GPIO_WritePin(pll.port, pll.pin, GPIO_PIN_SET);     // CSB HIGH 
} 
 
// Reads a register value from the PLL 
uint32_t LMX2572_read(struct PLL pll, SPI_HandleTypeDef *hspi, uint32_t value) { 
    uint32_t read = 0; 
    uint8_t read_value[2] = {0x00, 0x00}; 
    uint8_t spi_buf[3] = {0,0,0}; 
    spi_buf[2] = value | (1<<7); 
    spi_buf[1] = value >> 8; 
    spi_buf[0] = value >> 16; 
    HAL_GPIO_WritePin(pll.port, pll.pin, GPIO_PIN_RESET);   // CSB LOW 
    HAL_SPI_Transmit(hspi, spi_buf, 3, 100); 
    HAL_SPI_Receive(hspi, read_value, 2, 10); 
    HAL_GPIO_WritePin(pll.port, pll.pin, GPIO_PIN_SET);     // CSB HIGH 
    read += read_value[0]; 
    read += read_value[1] >> 8; 
    return read; 
} 
 
// Loads the registers to the PLL 
void LMX2572_load_regs(struct PLL pll, SPI_HandleTypeDef *hspi){ 
    int i = 0; 
    while ((pll.R[125-i] & 0x00FF0000) != 0) { 
        LMX2572_write(pll, hspi, pll.R[125-i]); 
        i++; 
    } 
    LMX2572_write(pll, hspi, pll.R[125-i]); 
}  



 

 xxxix 

// Resets the PLL 
void LMX2572_reset(struct PLL pll, SPI_HandleTypeDef *hspi){ 
    uint8_t spi_buf[3] = {0,0,0}; 
    spi_buf[2] = 0x1E; 
    spi_buf[1] = 0x21; 
    spi_buf[0] = 0x00; 
    HAL_GPIO_WritePin(&pll.port, &pll.pin, GPIO_PIN_RESET); // CSB LOW 
    HAL_SPI_Transmit(hspi, spi_buf, 3, 100); 
    HAL_GPIO_WritePin(&pll.port, &pll.pin, GPIO_PIN_SET);   // CSB LOW 
    HAL_Delay(500); 
} 
 
// Powers Down the PLL 
void LMX2572_off_PLL(struct PLL pll, SPI_HandleTypeDef *hspi){ 
    pll.R[0] |= (0x01 << 0); 
    uint8_t spi_buf[3] = {0,0,0}; 
    spi_buf[2] = pll.R[0]; 
    spi_buf[1] = pll.R[0] >> 8; 
    spi_buf[0] = pll.R[0] >> 16; 
    HAL_GPIO_WritePin(pll.port, pll.pin, GPIO_PIN_RESET);   // CSB LOW 
    HAL_SPI_Transmit(hspi, spi_buf, 3, 100); 
    HAL_GPIO_WritePin(pll.port, pll.pin, GPIO_PIN_SET);     // CSB HIGH 
} 
 
// Powers Up the PLL 
void LMX2572_on_PLL(struct PLL pll, SPI_HandleTypeDef *hspi){ 
    pll.R[0] &= ~(0x01 << 0); 
    uint8_t spi_buf[3] = {0,0,0}; 
    spi_buf[2] = pll.R[0]; 
    spi_buf[1] = pll.R[0] >> 8; 
    spi_buf[0] = pll.R[0] >> 16; 
    HAL_GPIO_WritePin(pll.port, pll.pin, GPIO_PIN_RESET);   // CSB LOW 
    HAL_SPI_Transmit(hspi, spi_buf, 3, 100); 
    HAL_GPIO_WritePin(pll.port, pll.pin, GPIO_PIN_SET);     // CSB HIGH 
} 
 
// Loads PLL default registers to the register bank 
void LMX2572_default(struct PLL pll, uint32_t lmx2572Regs[]){ 
    for(int i=0; i<126; i++){ 
        pll.R[i] = lmx2572Regs[125-i]; 
    } 
} 
 
// Inits LMX2572 
void LMX2572_init(struct PLL pll, uint32_t lmx2572Regs[]) { 
    HAL_GPIO_WritePin(pll.port, pll.pin, GPIO_PIN_SET);     // CSB HIGH 
    LMX2572_default(pll, lmx2572Regs); 
    LMX2572_det_param(pll); 
    pll.R[44] |= (0x01 << 6); 
    pll.R[44] |= (0x01 << 7); 
} 
 
// Sets Charge Pump Gain in uA 
void LMX2572_set_cpg(struct PLL pll) { 
    pll.R[14] &= 0xFF1800; 
    if (pll.CPG == 0)           pll.R[14] |= 0x0000;        // CPG = 0 
    else if (pll.CPG == 625)    pll.R[14] |= 0x0008;        // CPG = 1 
    else if (pll.CPG == 1250)   pll.R[14] |= 0x0010;        // CPG = 2 
    else if (pll.CPG == 1875)   pll.R[14] |= 0x0018;        // CPG = 3 
    else if (pll.CPG == 2500)   pll.R[14] |= 0x0020;        // CPG = 4 
    else if (pll.CPG == 3125)   pll.R[14] |= 0x0028;        // CPG = 5 
    else if (pll.CPG == 3750)   pll.R[14] |= 0x0030;        // CPG = 6 
    else if (pll.CPG == 4375)   pll.R[14] |= 0x0038;        // CPG = 7  
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    else if (pll.CPG == 5000)   pll.R[14] |= 0x0060;        // CPG = 12 
    else if (pll.CPG == 5625)   pll.R[14] |= 0x0068;        // CPG = 13 
    else if (pll.CPG == 6250)   pll.R[14] |= 0x0070;        // CPG = 14 
    else if (pll.CPG == 6875)   pll.R[14] |= 0x0078;        // CPG = 15 
} 
 
// Sets pfd 
void LMX2572_set_fpd(struct PLL pll) { 
    // Set Doubler 
    if (pll.osc_2x == 2) pll.R[9] |= (0x01 << 12); 
    else                 pll.R[9] &= ~(0x01 << 12); 
    // Set Pre R 
    pll.R[12] &= ~(0xFFF << 0); 
    pll.R[12] |= ((pll.pll_r_pre & 0xFFF) << 0); 
    // Set Multiplier 
    pll.R[10] &= ~(0x1F << 7); 
    pll.R[10] |= ((pll.mult & 0x1F) << 7); 
    // Set R 
    pll.R[11] &= ~(0xFF << 4); 
    pll.R[11] |= ((pll.pll_r & 0xFF) << 4); 
    if (pll.Fosc*pll.osc_2x*pll.pll_r_pre*pll.mult>100) pll.R[9] |= (0x01 << 14); 
    else pll.R[9] &= ~(0x01 << 14); 
} 
 
// Set PLL N, DEN and NUM 
void LMX2572_set_PLL(struct PLL pll) { 
    pll.R[34] &= ~(0x07 << 0); 
    pll.R[34] |= (((pll.pll_n >> 16) & 0x07) << 0); 
    pll.R[36] &= ~(0xFFFF << 0); 
    pll.R[36] |= ((pll.pll_n & 0xFFFF) << 0); 
    pll.R[38] &= ~(0xFFFF << 0); 
    pll.R[38] |= ((pll.pll_den >> 16) << 0); 
    pll.R[39] &= ~(0xFFFF << 0); 
    pll.R[39] |= ((pll.pll_den & 0x0000FFFF) << 0); 
    pll.R[42] &= ~(0xFFFF << 0); 
    pll.R[42] |= ((pll.pll_num >> 16) << 0); 
    pll.R[43] &= ~(0xFFFF << 0); 
    pll.R[43] |= ((pll.pll_num & 0x0000FFFF) << 0); 
} 
 
// Sets VCO Partial Assist 
void LMX2752_vco_assist(struct PLL pll){ 
    uint8_t VCO_CAPCTRL_STRT; 
    uint8_t VCO_DACISET_STRT; 
    uint16_t fMin; 
    uint16_t fMax; 
    uint16_t CMin; 
    uint16_t CMax; 
    uint16_t AMin; 
    uint16_t AMax; 
 
    // Select VCO 
    if  ((pll.Fvco > 3200) || (pll.Fvco < 3650)) { 
        pll.VCO  = 1;               // VCO1 
        fMin = 3200; 
        fMax = 3650; 
        CMin = 131; 
        CMax = 19; 
        AMin = 138; 
        AMax = 137; 
    } else if ((pll.Fvco >= 3650) || (pll.Fvco < 4200)) { 
        pll.VCO  = 2;   // VCO2 
        fMin = 3650; 
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        fMax = 4200; 
        CMin = 143; 
        CMax = 25; 
        AMin = 162; 
        AMax = 142; 
    } else if ((pll.Fvco >= 4200) || (pll.Fvco < 4650)) { 
        pll.VCO  = 3;   // VCO3 
        fMin = 4200; 
        fMax = 4650; 
        CMin = 135; 
        CMax = 34; 
        AMin = 126; 
        AMax = 114; 
    } else if ((pll.Fvco >= 4650) || (pll.Fvco < 5200)) { 
        pll.VCO  = 4;   // VCO4 
        fMin = 4650; 
        fMax = 5200; 
        CMin = 136; 
        CMax = 25; 
        AMin = 195; 
        AMax = 172; 
    } else if ((pll.Fvco >= 5200) || (pll.Fvco < 5750)) { 
        pll.VCO  = 5;   // VCO5 
        fMin = 5200; 
        fMax = 5750; 
        CMin = 133; 
        CMax = 20; 
        AMin = 190; 
        AMax = 163; 
    } else if ((pll.Fvco >= 5750) || (pll.Fvco <= 6400)) { 
        pll.VCO  = 6;   // VCO6 
        fMin = 5750; 
        fMax = 6400; 
        CMin = 151; 
        CMax = 27; 
        AMin = 256; 
        AMax = 204; 
    } 
    pll.R[20] &= ~(0xF << 10); 
    pll.R[20] |= (pll.VCO << 11); 
    // Forces the VCO to use the core specified by VCO_SEL 
    if (pll.VCO_force == 1) pll.R[20] |= (1 << 10); 
    // VCO_CAPCTRL_STRT = Round[CMin–(fVCO–fMin)×(CMin–CMax)/(fMax–fMin)] 
    VCO_CAPCTRL_STRT = CMin-(pll.Fvco-fMin)*(CMin-CMax)/(fMax-fMin); 
    pll.R[78] &= ~(0xFF << 1); 
    pll.R[78] |= (VCO_CAPCTRL_STRT << 1); 
    // VCO_DACISET_STRT = Round[AMin–(fVCO–fMin)×(AMin–AMax)/(fMax–fMin)] 
    VCO_DACISET_STRT = AMin-(pll.Fvco-fMin)*(AMin-AMax)/(fMax-fMin); 
    pll.R[17] &= ~(0xFF << 0); 
    pll.R[17] |= (VCO_DACISET_STRT << 0); 
} 
 
// Calibrates VCO 
void LMX2572_calibrate_VCO(struct PLL pll) { 
    pll.R[0] |= (0x01 << 3); 
} 
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// Power set RFoutA 
void LMX2572_set_RFout(struct PLL pll){ 
    if (pll.out_pd_a == 1)  pll.R[44] |= (0x01 << 6); 
    else                    pll.R[44] &= ~(0x01 << 6); 
    if (pll.out_pd_b == 1)  pll.R[44] |= (0x01 << 7); 
    else                    pll.R[44] &= ~(0x01 << 7); 
} 
// Sets output A Mux: CHDIV = 0, VCO = 1, HI_Z = 3 
void LMX2572_mux_RFoutA(struct PLL pll){ 
    pll.R[45] &= ~(0x03 <<11); 
    pll.R[45] |= (pll.out_mux_a << 11); 
} 
 
// Sets output B Mux: CHDIV = 0, VCO = 1, HI_Z = 3 
void LMX2572_mux_RFoutB(struct PLL pll){ 
    pll.R[46] &= ~(0x03 << 0); 
    pll.R[46] |= (pll.out_mux_b << 0); 
} 
 
// Sets CHDIV 
void LMX2572_set_CHDIV(struct PLL pll){ 
    pll.R[75] &= ~(0x1F << 6); 
    if      (pll.chdiv == 2)    pll.R[75] |= (0 << 6); 
    else if (pll.chdiv == 4)    pll.R[75] |= (1 << 6); 
    else if (pll.chdiv == 8)    pll.R[75] |= (3 << 6); 
    else if (pll.chdiv == 16)   pll.R[75] |= (5 << 6); 
    else if (pll.chdiv == 32)   pll.R[75] |= (7 << 6); 
    else if (pll.chdiv == 64)   pll.R[75] |= (9 << 6); 
    else if (pll.chdiv == 128)  pll.R[75] |= (12 << 6); 
    else if (pll.chdiv == 256)  pll.R[75] |= (14 << 6); 
} 
 
// Sets RFoutA output power 
void LMX2572_pwr_RFoutA(struct PLL pll){ 
    pll.R[44] &= ~(0x3F << 8); 
    pll.R[44] |= (pll.out_pwr_a << 8); 
} 
 
// Sets RFoutB output power 
void LMX2572_pwr_RFoutB(struct PLL pll){ 
    pll.R[45] &= ~(0x3F << 0); 
    pll.R[45] |= (pll.out_pwr_b << 0); 
} 
 
void LMX2572_set_MASH(struct PLL pll){ 
    pll.R[44] &= ~(0x27 << 0); 
    pll.R[44] = (pll.MASH_order << 0); 
    if (pll.pll_num != 0) pll.R[44] |= (0x01 << 5); 
    pll.R[37] &= ~(0x3F << 8); 
    pll.R[37] |= (pll.PFD_DLY_SEL << 8); 
}  
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G.2 LMX2572.h 
#ifndef lmx2572_H_ 
#define lmx2572_H_ 
 
#ifdef __cplusplus 
extern "C" { 
#endif 
 
#include "stm32l4xx_hal.h" 
 
static uint32_t R_default[] = { 
        0x7D2288    , 
        0x7C0000    , 
        0x7B0000    , 
        0x7A0000    , 
        0x790000    , 
        0x780000    , 
        0x770000    , 
        0x760000    , 
        0x750000    , 
        0x740000    , 
        0x730000    , 
        0x727802    , 
        0x710000    , 
        0x700000    , 
        0x6F0000    , 
        0x6E0000    , 
        0x6D0000    , 
        0x6C0000    , 
        0x6B0000    , 
        0x6A0007    , 
        0x694440    , 
        0x680000    , 
        0x670000    , 
        0x660000    , 
        0x650000    , 
        0x640000    , 
        0x630000    , 
        0x620000    , 
        0x610000    , 
        0x600000    , 
        0x5F0000    , 
        0x5E0000    , 
        0x5D0000    , 
        0x5C0000    , 
        0x5B0000    , 
        0x5A0000    , 
        0x590000    , 
        0x580000    , 
        0x570000    , 
        0x560000    , 
        0x550000    , 
        0x540000    , 
        0x530000    , 
        0x520000    , 
        0x510000    , 
        0x500000    , 
        0x4F0000    , 
        0x4E00CF    , 
        0x4D0000    , 
        0x4C000C    , 
        0x4B0800    , 
        0x4A0000    , 
        0x49003F    ,  
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        0x480001    , 
        0x470081    , 
        0x46C350    , 
        0x450000    , 
        0x4403E8    , 
        0x430000    , 
        0x4201F4    , 
        0x410000    , 
        0x401388    , 
        0x3F0000    , 
        0x3E00AF    , 
        0x3D00A8    , 
        0x3C03E8    , 
        0x3B0001    , 
        0x3A9001    , 
        0x390020    , 
        0x380000    , 
        0x370000    , 
        0x360000    , 
        0x350000    , 
        0x340421    , 
        0x330080    , 
        0x320080    , 
        0x314180    , 
        0x3003E0    , 
        0x2F0300    , 
        0x2E07F0    , 
        0x2DCE1F    , 
        0x2C1FA3    , 
        0x2B0334    , 
        0x2A0000    , 
        0x290000    , 
        0x280000    , 
        0x2703E8    , 
        0x260000    , 
        0x250305    , 
        0x24003B    , 
        0x230004    , 
        0x220010    , 
        0x211E01    , 
        0x2005BF    , 
        0x1FC3E6    , 
        0x1E18A6    , 
        0x1D0000    , 
        0x1C0488    , 
        0x1B0002    , 
        0x1A0808    , 
        0x190624    , 
        0x18071A    , 
        0x17007C    , 
        0x160001    , 
        0x150409    , 
        0x147048    , 
        0x1327B7    , 
        0x120064    , 
        0x1100EC    , 
        0x100080    , 
        0x0F060E    , 
        0x0E1820    , 
        0x0D4000    , 
        0x0C5001    , 
        0x0BB018    , 
        0x0A10F8    ,  
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        0x090004    , 
        0x082000    , 
        0x0700B2    , 
        0x06C802    , 
        0x0530C8    , 
        0x040A43    , 
        0x030782    , 
        0x020500    , 
        0x010808    , 
        0x00219C 
}; 
// **************** PLL parameters **************** 
struct PLL{ 
    uint32_t R[126]; 
    float frequency;            // Target frequency in MHz 
    float Fvco; 
    float fpd; 
    uint16_t pin; 
    GPIO_TypeDef * port; 
    float Fosc;             // OSCin frequency in MHz 
    uint8_t osc_2x; 
    uint8_t pll_r_pre; 
    uint8_t pll_r; 
    uint8_t mult; 
    uint16_t pll_n; 
    uint32_t pll_num; 
    uint32_t pll_den; 
    uint16_t CPG; 
    uint8_t VCO; 
    uint8_t VCO_force; 
    uint8_t MASH_order; 
    uint8_t PFD_DLY_SEL; 
    uint8_t out_mux_a;              // CHDIV = 0, VCO = 1, HI_Z = 3 
    uint8_t out_mux_b;              // VCO = 1, CHDIV = 2, HI_Z = 3 
    uint8_t chdiv; 
    uint8_t out_pwr_a;              // RFoutA Power 
    uint8_t out_pwr_b;              // RFoutB Power 
    uint8_t out_pd_a;               // On = 0, Off = 1 
    uint8_t out_pd_b;               // On = 0, Off = 1 
}; 
/* Exported functions prototypes ---------------------------------------------*/ 
void        LMX2572_det_param(); 
void        LMX2572_write(SPI_HandleTypeDef *hspi, uint32_t value); 
uint32_t    LMX2572_read(SPI_HandleTypeDef *hspi, uint32_t value); 
void        LMX2572_load_regs(SPI_HandleTypeDef *hspi, uint32_t lmx2572Regs[]); 
void        LMX2572_reset(SPI_HandleTypeDef *hspi); 
void        LMX2572_default(uint32_t R[], uint32_t lmx2572Regs[]); 
void        LMX2572_init(uint32_t R[], uint32_t lmx2572Regs[]); 
void        LMX2572_set_cpg(uint32_t R[]); 
void        LMX2572_set_fpd(uint32_t R[]); 
void        LMX2572_set_PLL(uint32_t R[]); 
void        LMX2752_vco_assist(uint32_t R[]); 
void        LMX2572_calibrate_VCO(uint32_t R[]); 
void        LMX2572_set_CHDIV(uint32_t R[]); 
void        LMX2572_set_RFout(uint32_t R[]); 
void        LMX2572_mux_RFoutA(uint32_t R[]); 
void        LMX2572_mux_RFoutB(uint32_t R[]); 
void        LMX2572_pwr_RFoutA(uint32_t R[]); 
void        LMX2572_pwr_RFoutB(uint32_t R[]); 
#ifdef __cplusplus 
} 
#endif 
#endif /* LMX2572_H_ */  
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Appendix H. PLL Evaluation Board 

H.1 PLL Evaluation board schematics 
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H.2 PLL Evaluation board layout 
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H.3 PLL Evaluation board view 
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H.4 PLL Evaluation board BoM 
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Appendix I. LMX2572 Test Programming Code 

void lmx2572_write_reg(SPI_HandleTypeDef *spip, uint32_t value){ 
  uint8_t spi_buf[3] = {0,0,0}; 
   
  spi_buf[2] = value; 
  spi_buf[1] = value >> 8; 
  spi_buf[0] = value >> 16; 
 
  HAL_GPIO_WritePin(GPIOA, GPIO_PIN_9, GPIO_PIN_RESET);     // CSB LOW 
  HAL_SPI_Transmit(spip, spi_buf, 3, 100); 
  HAL_GPIO_WritePin(GPIOA, GPIO_PIN_9, GPIO_PIN_SET);       // CSB HIGH 
}  
void lmx2572_load_regs(SPI_HandleTypeDef *spip, uint32_t lmx2572Regs[]){ 
  int i = 0; 
  while ((lmx2572Regs[i] & 0x00FF0000) != 0) { 
    lmx2572_write_reg(spip,lmx2572Regs[i]); 
    i++; 
  } 
  lmx2572_write_reg(spip,lmx2572Regs[i]); 
}  
void lmx2572_reset(SPI_HandleTypeDef *spip){ 
  uint8_t spi_buf[3] = {0,0,0}; 
   
  spi_buf[2] = 0x1E; 
  spi_buf[1] = 0x21; 
  spi_buf[0] = 0x00; 
  HAL_GPIO_WritePin(GPIOA, GPIO_PIN_9, GPIO_PIN_RESET);     // CSB LOW 
  HAL_SPI_Transmit(spip, spi_buf, 3, 100); 
  HAL_GPIO_WritePin(GPIOA, GPIO_PIN_9, GPIO_PIN_SET);       // CSB HIGH 
}  
static uint32_t R_default[] = { 
        0x7D2288    , 
        0x7C0000    , 
        0x7B0000    , 
        0x7A0000    , 
        0x790000    , 
        ...  
        0x0700B2    , 
        0x06C802    , 
        0x0530C8    , 
        0x040A43    , 
        0x030782    , 
        0x020500    , 
        0x010808    , 
        0x00211C 
};  

In the main.c file, inside the main() function before the while (1){}: 
    HAL_GPIO_WritePin(GPIOA, GPIO_PIN_9, GPIO_PIN_SET);     // CSB HIGH 
    lmx2572_reset(&hspi2); 
    HAL_Delay(500); 
    lmx2572_load_regs(&hspi2, R_default); 
    HAL_Delay(500);  
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Appendix J. XCOMMS MCU Code 

J.1 STM32CubeMx Pin Configuration 
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J.2 STM32CubeMx Clock Configuration 
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J.3 XCOMMS mcu main.c 
/* Includes -----------------------------------------------------------*/ 
#include "main.h" 
#include "XCOMMS.h" 
 
/* Private variables --------------------------------------------------*/ 
ADC_HandleTypeDef hadc1; 
LPTIM_HandleTypeDef hlptim1; 
SPI_HandleTypeDef hspi1; 
UART_HandleTypeDef huart1; 
DMA_HandleTypeDef hdma_usart1_tx; 
 
/* Private function prototypes ----------------------------------------*/ 
void SystemClock_Config(void); 
static void MX_GPIO_Init(void); 
static void MX_DMA_Init(void); 
static void MX_USART1_UART_Init(void); 
static void MX_ADC1_Init(void); 
static void MX_SPI1_Init(void); 
static void MX_LPTIM1_Init(void); 
 
static struct PLL PLL_Rx; 
static struct PLL PLL_Tx; 
uint8_t UART1_rxBuffer[12] = {0}; 
uint8_t state; 
uint16_t measurements[HK_length]; 
 
int main(void){ 
    state = XCOMMS_INIT_state; 
    uint8_t timerCount = 0; 
    uint8_t measurements_pointer = 0; 
 
    while (1){ 
        switch (state){ 
        case XCOMMS_INIT_state: 
            /* MCU Configuration-------------------------------------*/ 

/* Reset of all peripherals, Initializes the Flash interface and the 
Systick. */ 

            HAL_Init(); 
            /* Configure the system clock */ 
            SystemClock_Config(); 
            /* Initialize all configured peripherals */ 
            MX_GPIO_Init(); 
            MX_DMA_Init(); 
            MX_USART1_UART_Init(); 
            MX_ADC1_Init(); 
            MX_SPI1_Init(); 
            MX_LPTIM1_Init(); 
 
            TxPLL_INIT(&hspi1);                    // Initialize Tx PLL 
            RxPLL_INIT(&hspi1);                    // Initialize Rx PLL 
            break; 
        case IDLE_state: 

// Start 1 sec timer 
            HAL_UART_Receive_IT (&huart1, UART1_rxBuffer, 12); 
            HAL_LPTIM_Counter_Start_IT(&hlptim1, PERIOD, );  

// Enter Stop 1 powermode 
            HAL_PWREx_EnterSTOP1Mode(PWR_STOPENTRY_WFI);     
            break; 
        case MEASUREMENT_state: 
            HAL_GPIO_TogglePin(mcu_watchdog_GPIO_Port, mcu_watchdog_Pin); 
            timerCount ++; 
            if(timerCount == MEASURE_PERIOD){ 
                measure();  
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                timerCount = 0; 
            } 
            break; 
        case TUNE_PLL_state: 
            state = IDLE_state; 
            break; 
        case SWITCH_Rx_state: 
            state = IDLE_state; 
            break; 
        case SWITCH_Tx_state: 
            break; 
        case HOUSEKEEPING_state: 
            HOUSEKEEPING(&huart1, measurements, HK_length); 
            state = IDLE_state; 
            break; 
        case SHUTDOWN_state: 
            break; 
        default: 
            state = XCOMMS_INIT_state; 
            break; 
        } 
    } 
} 
 
void TxPLL_INIT(SPI_HandleTypeDef *hspi){ 
    PLL_Tx.frequency= 6000;         // Target frequency in MHz 
    PLL_Tx.Fosc     = 25;               // OSCin frequency in MHz 
    PLL_Tx.pin      = Tx_CE_Pin; 
    PLL_Tx.port     = Tx_CE_GPIO_Port; 
    PLL_Tx.osc_2x   = 1; 
    PLL_Tx.pll_r_pre= 1; 
    PLL_Tx.pll_r    = 1; 
    PLL_Tx.mult     = 1; 
    PLL_Tx.out_pwr_a= 30;               // RFoutA Power 
    PLL_Tx.out_pwr_b= 0;                // RFoutB Power 
    PLL_Tx.out_pd_a = 0;                // On = 0, Off = 1 
    PLL_Tx.out_pd_b = 1;                // On = 0, Off = 1 
 
    HAL_GPIO_WritePin(PLL_Tx.port, PLL_Tx.pin, GPIO_PIN_SET);   // Tx PLL Enable 
 
    LMX2572_init(PLL_Tx, R_default); 
    LMX2572_reset(PLL_Tx, hspi); 
    LMX2572_set_fpd(PLL_Tx); 
    LMX2572_set_cpg(PLL_Tx); 
    LMX2572_set_PLL(PLL_Tx); 
    LMX2572_pwr_RFoutA(PLL_Tx); 
    LMX2572_set_RFout(PLL_Tx); 
    LMX2752_vco_assist(PLL_Tx); 
    LMX2572_load_regs(PLL_Tx, hspi); 
} 
 
void RxPLL_INIT(SPI_HandleTypeDef *hspi){ 
    PLL_Rx.frequency = 6000;            // Target frequency in MHz 
    PLL_Rx.Fosc     = 25;               // OSCin frequency in MHz 
    PLL_Tx.pin      = Rx_CE_Pin; 
    PLL_Tx.port     = Rx_CE_GPIO_Port; 
    PLL_Rx.osc_2x   = 1; 
    PLL_Rx.pll_r_pre= 1; 
    PLL_Rx.pll_r    = 1; 
    PLL_Rx.mult     = 1; 
    PLL_Rx.out_pwr_a= 30;               // RFoutA Power 
    PLL_Rx.out_pwr_b= 0;                // RFoutB Power 
    PLL_Rx.out_pd_a = 0;                // On = 0, Off = 1  
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    PLL_Rx.out_pd_b = 1;                // On = 0, Off = 1 
 
    HAL_GPIO_WritePin(PLL_Rx.port, PLL_Rx.pin, GPIO_PIN_SET);   // Rx PLL Enable 
 
    LMX2572_init(PLL_Rx, R_default); 
    LMX2572_reset(PLL_Rx, hspi); 
    LMX2572_set_fpd(PLL_Rx); 
    LMX2572_set_cpg(PLL_Rx); 
    LMX2572_set_PLL(PLL_Rx); 
    LMX2572_pwr_RFoutA(PLL_Rx); 
    LMX2572_set_RFout(PLL_Rx); 
    LMX2752_vco_assist(PLL_Rx); 
    LMX2572_load_regs(PLL_Rx, hspi); 
} 
 
void HAL_LPTIM_TriggerCallback(LPTIM_HandleTypeDef *hlptim){ 
    state = HOUSEKEEPING_state; 
} 
 
void HAL_UART_RxCpltCallback(UART_HandleTypeDef *huart){ 
    HAL_UART_Receive_IT(&huart1, UART1_rxBuffer, 12); 
    state = UART_decode(); 
} 
 
uint8_t UART_decode(){ 
    uint8_t code = IDLE_state; 
    // TBD 
    return code; 
} 
 
void measure(){ 
    uint16_t temp; 
    uint16_t tx_pwr; 
    // TBD 
} 
 
void pckt_creator(uint8_t *msg, uint8_t *data, uint8_t size, uint8_t comand){ 
    // TBD 
} 
 
void HOUSEKEEPING(UART_HandleTypeDef *huart, uint16_t *pData, uint8_t size){ 
    uint8_t data[2*size]; 
    uint8_t msg[msg_pckt+(2*size)]; 
    for(uint8_t i = 0; i < size; i++){ 
        data[2*i] = *(pData+i) & 0xff; 
        data[2*i+1] = *(pData+i) >> 8; 
    } 
 
    pckt_creator(msg, data, 2*size, answ_HK); 
    //send housekeeping data 
    HAL_UART_Transmit(huart, msg, sizeof(msg), TIMEOUT);    } 
 
// System Clock Configuration 
void SystemClock_Config(void){ 
    RCC_OscInitTypeDef RCC_OscInitStruct = {0}; 
    RCC_ClkInitTypeDef RCC_ClkInitStruct = {0}; 
    RCC_PeriphCLKInitTypeDef PeriphClkInit = {0}; 
 
    /** Initializes the RCC Oscillators according to the specified parameters 
     * in the RCC_OscInitTypeDef structure. 
     */ 
    RCC_OscInitStruct.OscillatorType = RCC_OSCILLATORTYPE_HSE; 
    RCC_OscInitStruct.HSEState = RCC_HSE_BYPASS;  

  



 

 lvi 

    RCC_OscInitStruct.PLL.PLLState = RCC_PLL_NONE; 
    if (HAL_RCC_OscConfig(&RCC_OscInitStruct) != HAL_OK) 
    { 
        Error_Handler(); 
    } 
    /** Initializes the CPU, AHB and APB buses clocks 
     */ 
    RCC_ClkInitStruct.ClockType = RCC_CLOCKTYPE_HCLK|RCC_CLOCKTYPE_SYSCLK 
            |RCC_CLOCKTYPE_PCLK1|RCC_CLOCKTYPE_PCLK2; 
    RCC_ClkInitStruct.SYSCLKSource = RCC_SYSCLKSOURCE_HSE; 
    RCC_ClkInitStruct.AHBCLKDivider = RCC_SYSCLK_DIV1; 
    RCC_ClkInitStruct.APB1CLKDivider = RCC_HCLK_DIV1; 
    RCC_ClkInitStruct.APB2CLKDivider = RCC_HCLK_DIV1; 
 
    if (HAL_RCC_ClockConfig(&RCC_ClkInitStruct, FLASH_LATENCY_0) != HAL_OK) 
    { 
        Error_Handler(); 
    } 
    PeriphClkInit.PeriphClockSelection = RCC_PERIPHCLK_USART1|RCC_PERIPH-
CLK_LPTIM1 
            |RCC_PERIPHCLK_ADC; 
    PeriphClkInit.Usart1ClockSelection = RCC_USART1CLKSOURCE_PCLK2; 
    PeriphClkInit.Lptim1ClockSelection = RCC_LPTIM1CLKSOURCE_PCLK; 
    PeriphClkInit.AdcClockSelection = RCC_ADCCLKSOURCE_PLLSAI1; 
    PeriphClkInit.PLLSAI1.PLLSAI1Source = RCC_PLLSOURCE_HSE; 
    PeriphClkInit.PLLSAI1.PLLSAI1M = 1; 
    PeriphClkInit.PLLSAI1.PLLSAI1N = 8; 
    PeriphClkInit.PLLSAI1.PLLSAI1P = RCC_PLLP_DIV7; 
    PeriphClkInit.PLLSAI1.PLLSAI1Q = RCC_PLLQ_DIV2; 
    PeriphClkInit.PLLSAI1.PLLSAI1R = RCC_PLLR_DIV2; 
    PeriphClkInit.PLLSAI1.PLLSAI1ClockOut = RCC_PLLSAI1_ADC1CLK; 
    if (HAL_RCCEx_PeriphCLKConfig(&PeriphClkInit) != HAL_OK) 
    { 
        Error_Handler(); 
    } 
    /** Configure the main internal regulator output voltage 
     */ 
    if (HAL_PWREx_ControlVoltageScaling(PWR_REGULATOR_VOLTAGE_SCALE1) != HAL_OK) 
    { 
        Error_Handler(); 
    } 
} 
 
// ADC1 Initialization Function 
static void MX_ADC1_Init(void){ 
    ADC_ChannelConfTypeDef sConfig = {0}; 
 
    hadc1.Instance = ADC1; 
    hadc1.Init.ClockPrescaler = ADC_CLOCK_ASYNC_DIV1; 
    hadc1.Init.Resolution = ADC_RESOLUTION_12B; 
    hadc1.Init.DataAlign = ADC_DATAALIGN_RIGHT; 
    hadc1.Init.ScanConvMode = ADC_SCAN_DISABLE; 
    hadc1.Init.EOCSelection = ADC_EOC_SINGLE_CONV; 
    hadc1.Init.LowPowerAutoWait = DISABLE; 
    hadc1.Init.ContinuousConvMode = DISABLE; 
    hadc1.Init.NbrOfConversion = 1; 
    hadc1.Init.DiscontinuousConvMode = DISABLE; 
    hadc1.Init.ExternalTrigConv = ADC_SOFTWARE_START; 
    hadc1.Init.ExternalTrigConvEdge = ADC_EXTERNALTRIGCONVEDGE_NONE; 
    hadc1.Init.DMAContinuousRequests = ENABLE; 
    hadc1.Init.Overrun = ADC_OVR_DATA_PRESERVED; 
    hadc1.Init.OversamplingMode = DISABLE; 
    if (HAL_ADC_Init(&hadc1) != HAL_OK)  

  



 

 lvii 

    { 
        Error_Handler(); 
    } 
    /** Configure Regular Channel 
     */ 
    sConfig.Channel = ADC_CHANNEL_7; 
    sConfig.Rank = ADC_REGULAR_RANK_1; 
    sConfig.SamplingTime = ADC_SAMPLETIME_2CYCLES_5; 
    sConfig.SingleDiff = ADC_SINGLE_ENDED; 
    sConfig.OffsetNumber = ADC_OFFSET_NONE; 
    sConfig.Offset = 0; 
    if (HAL_ADC_ConfigChannel(&hadc1, &sConfig) != HAL_OK) 
    { 
        Error_Handler(); 
    } 
    /** Configure Regular Channel 
     */ 
    sConfig.Channel = ADC_CHANNEL_8; 
    sConfig.Rank = ADC_REGULAR_RANK_1; 
    sConfig.SamplingTime = ADC_SAMPLETIME_2CYCLES_5; 
    sConfig.SingleDiff = ADC_SINGLE_ENDED; 
    sConfig.OffsetNumber = ADC_OFFSET_NONE; 
    sConfig.Offset = 0; 
    if (HAL_ADC_ConfigChannel(&hadc1, &sConfig) != HAL_OK) 
    { 
        Error_Handler(); 
    } 
} 
 
// LPTIM1 Initialization Function 
static void MX_LPTIM1_Init(void){ 
    /* USER CODE END LPTIM1_Init 1 */ 
    hlptim1.Instance = LPTIM1; 
    hlptim1.Init.Clock.Source = LPTIM_CLOCKSOURCE_APBCLOCK_LPOSC; 
    hlptim1.Init.Clock.Prescaler = LPTIM_PRESCALER_DIV1; 
    hlptim1.Init.Trigger.Source = LPTIM_TRIGSOURCE_SOFTWARE; 
    hlptim1.Init.OutputPolarity = LPTIM_OUTPUTPOLARITY_HIGH; 
    hlptim1.Init.UpdateMode = LPTIM_UPDATE_IMMEDIATE; 
    hlptim1.Init.CounterSource = LPTIM_COUNTERSOURCE_INTERNAL; 
    hlptim1.Init.Input1Source = LPTIM_INPUT1SOURCE_GPIO; 
    hlptim1.Init.Input2Source = LPTIM_INPUT2SOURCE_GPIO; 
    if (HAL_LPTIM_Init(&hlptim1) != HAL_OK) 
    { 
        Error_Handler(); 
    } 
} 
 
// SPI1 Initialization Function 
static void MX_SPI1_Init(void){ 
    /* SPI1 parameter configuration*/ 
    hspi1.Instance = SPI1; 
    hspi1.Init.Mode = SPI_MODE_MASTER; 
    hspi1.Init.Direction = SPI_DIRECTION_2LINES; 
    hspi1.Init.DataSize = SPI_DATASIZE_8BIT; 
    hspi1.Init.CLKPolarity = SPI_POLARITY_LOW; 
    hspi1.Init.CLKPhase = SPI_PHASE_1EDGE; 
    hspi1.Init.NSS = SPI_NSS_SOFT; 
    hspi1.Init.BaudRatePrescaler = SPI_BAUDRATEPRESCALER_2; 
    hspi1.Init.FirstBit = SPI_FIRSTBIT_MSB; 
    hspi1.Init.TIMode = SPI_TIMODE_DISABLE; 
    hspi1.Init.CRCCalculation = SPI_CRCCALCULATION_DISABLE; 
    hspi1.Init.CRCPolynomial = 7; 
    hspi1.Init.CRCLength = SPI_CRC_LENGTH_DATASIZE;  
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    hspi1.Init.NSSPMode = SPI_NSS_PULSE_ENABLE; 
    if (HAL_SPI_Init(&hspi1) != HAL_OK) 
    { 
        Error_Handler(); 
    } 
} 
 
// USART1 Initialization Function 
static void MX_USART1_UART_Init(void){ 
    /* USER CODE END USART1_Init 1 */ 
    huart1.Instance = USART1; 
    huart1.Init.BaudRate = 115200; 
    huart1.Init.WordLength = UART_WORDLENGTH_8B; 
    huart1.Init.StopBits = UART_STOPBITS_1; 
    huart1.Init.Parity = UART_PARITY_NONE; 
    huart1.Init.Mode = UART_MODE_TX_RX; 
    huart1.Init.HwFlowCtl = UART_HWCONTROL_NONE; 
    huart1.Init.OverSampling = UART_OVERSAMPLING_16; 
    huart1.Init.OneBitSampling = UART_ONE_BIT_SAMPLE_DISABLE; 
    huart1.AdvancedInit.AdvFeatureInit = UART_ADVFEATURE_NO_INIT; 
    if (HAL_UART_Init(&huart1) != HAL_OK) 
    { 
        Error_Handler(); 
    } 
} 
 
// Enable DMA controller clock 
static void MX_DMA_Init(void){ 
    /* DMA controller clock enable */ 
    __HAL_RCC_DMA1_CLK_ENABLE(); 
 
    /* DMA interrupt init */ 
    /* DMA1_Channel4_IRQn interrupt configuration */ 
    HAL_NVIC_SetPriority(DMA1_Channel4_IRQn, 0, 0); 
    HAL_NVIC_EnableIRQ(DMA1_Channel4_IRQn); 
} 
 
// GPIO Initialization Function 
static void MX_GPIO_Init(void){ 
    GPIO_InitTypeDef GPIO_InitStruct = {0}; 
 
    /* GPIO Ports Clock Enable */ 
    __HAL_RCC_GPIOC_CLK_ENABLE(); 
    __HAL_RCC_GPIOA_CLK_ENABLE(); 
    __HAL_RCC_GPIOB_CLK_ENABLE(); 
 
    /*Configure GPIO pin Output Level */ 
    HAL_GPIO_WritePin(mcu_watchdog_GPIO_Port, mcu_watchdog_Pin, GPIO_PIN_RESET); 
 
    /*Configure GPIO pin Output Level */ 
    HAL_GPIO_WritePin(GPIOA, Rx_CSB_Pin|TCXO_NE_Pin, GPIO_PIN_RESET); 
 
    /*Configure GPIO pin Output Level */ 
    HAL_GPIO_WritePin(GPIOB, Tx_CSB_Pin|Rx_CE_Pin|Tx_CE_Pin, GPIO_PIN_RESET); 
 
    /*Configure GPIO pin : mcu_watchdog_Pin */ 
    GPIO_InitStruct.Pin = mcu_watchdog_Pin; 
    GPIO_InitStruct.Mode = GPIO_MODE_OUTPUT_PP; 
    GPIO_InitStruct.Pull = GPIO_NOPULL; 
    GPIO_InitStruct.Speed = GPIO_SPEED_FREQ_LOW; 
    HAL_GPIO_Init(mcu_watchdog_GPIO_Port, &GPIO_InitStruct); 
 
    /*Configure GPIO pin : PC15 */  
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    GPIO_InitStruct.Pin = GPIO_PIN_15; 
    GPIO_InitStruct.Mode = GPIO_MODE_ANALOG; 
    GPIO_InitStruct.Pull = GPIO_NOPULL; 
    HAL_GPIO_Init(GPIOC, &GPIO_InitStruct); 
 
    /*Configure GPIO pins : Rx_CSB_Pin TCXO_NE_Pin */ 
    GPIO_InitStruct.Pin = Rx_CSB_Pin|TCXO_NE_Pin; 
    GPIO_InitStruct.Mode = GPIO_MODE_OUTPUT_PP; 
    GPIO_InitStruct.Pull = GPIO_NOPULL; 
    GPIO_InitStruct.Speed = GPIO_SPEED_FREQ_LOW; 
    HAL_GPIO_Init(GPIOA, &GPIO_InitStruct); 
 
    /*Configure GPIO pins : PA6 PA8 PA11 PA12 */ 
    GPIO_InitStruct.Pin = GPIO_PIN_6|GPIO_PIN_8|GPIO_PIN_11|GPIO_PIN_12; 
    GPIO_InitStruct.Mode = GPIO_MODE_ANALOG; 
    GPIO_InitStruct.Pull = GPIO_NOPULL; 
    HAL_GPIO_Init(GPIOA, &GPIO_InitStruct); 
 
    /*Configure GPIO pins : Tx_CSB_Pin Rx_CE_Pin Tx_CE_Pin */ 
    GPIO_InitStruct.Pin = Tx_CSB_Pin|Rx_CE_Pin|Tx_CE_Pin; 
    GPIO_InitStruct.Mode = GPIO_MODE_OUTPUT_PP; 
    GPIO_InitStruct.Pull = GPIO_NOPULL; 
    GPIO_InitStruct.Speed = GPIO_SPEED_FREQ_LOW; 
    HAL_GPIO_Init(GPIOB, &GPIO_InitStruct); 
 
    /*Configure GPIO pin : PB1 */ 
    GPIO_InitStruct.Pin = GPIO_PIN_1; 
    GPIO_InitStruct.Mode = GPIO_MODE_ANALOG; 
    GPIO_InitStruct.Pull = GPIO_NOPULL; 
    HAL_GPIO_Init(GPIOB, &GPIO_InitStruct); 
 
    /*Configure GPIO pins : Tx_MUXout_Pin Rx_MUXout_Pin */ 
    GPIO_InitStruct.Pin = Tx_MUXout_Pin|Rx_MUXout_Pin; 
    GPIO_InitStruct.Mode = GPIO_MODE_INPUT; 
    GPIO_InitStruct.Pull = GPIO_NOPULL; 
    HAL_GPIO_Init(GPIOB, &GPIO_InitStruct); 
} 
 
// This function is executed in case of error occurrence. 
void Error_Handler(void){ 
    // TBD 
} 
 
#ifdef  USE_FULL_ASSERT 
 
void assert_failed(uint8_t *file, uint32_t line) 
{ 
    // TBD 
} 
#endif /* USE_FULL_ASSERT */  
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J.4 XCOMMS mcu XCOMMS.h 
/* XCOMMS.h 
 *  Created on: 11 de nov. 2020 
 *      Author: guillem 
 */ 
#ifndef INC_XCOMMS_H_ 
#define INC_XCOMMS_H_ 
 
#ifdef __cplusplus 
extern "C" { 
#endif 
 
#include "stm32l4xx_hal.h" 
#include "main.h" 
#include "lmx2572.h" 
 
//state list 
#define XCOMMS_INIT_state   0x01 
#define IDLE_state          0x02 
#define MEASUREMENT_state   0x03 
#define TUNE_PLL_state      0x04 
#define SWITCH_Rx_state     0x05 
#define SWITCH_Tx_state     0x06 
#define HOUSEKEEPING_state  0x07 
#define SHUTDOWN_state      0x08 
 
//OBC command list 
#define order_mcuoff    0b11111111 
#define order_reset     0b11111100 
#define order_report    0b11001111 
#define order_switchTx  0b11001100 
#define order_switxhRx  0b11000011 
#define order_tune      0b11000000 
 
//mcu command list 
#define answ_confrim    0b00000000 
#define answ_error      0b00001111 
#define answ_HK         0b00000011 
 
//UART constants 
#define TIMEOUT         10 
#define HK_length       4      // total number of samples of temperature and Tx 
power (HK_length/2 of each) 
#define msg_pckt        11     // bytes of a UART packet without data 
#define PERIOD          65535    
#define PULSE           32767 
#define MEASURE_PERIOD  5      // measurement every MEASURE_PERIOD sec 
 
void HOUSEKEEPING(UART_HandleTypeDef *huart, uint16_t *pData, uint8_t size); 
void TxPLL_INIT(SPI_HandleTypeDef *hspi); 
void RxPLL_INIT(SPI_HandleTypeDef *hspi); 
void MCU_configuration(void); 
void state_machine(void); 
uint8_t UART_decode(); 
 
#ifdef __cplusplus 
} 
#endif 
#endif  
 
/* INC_XCOMMS_H_ */  
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Appendix K. Test Probe and Attenuator Calibration 

Test performed with a direct connection between an SMA connector and a MS-156C test 
point. 

K.1 Test Probe Calibration Measurements at 2.4 GHz with -50 dBm input 

 

K.2 Test Probe Calibration Measurements at 4.79 to 4.85 GHz with -50 dBm input 

Ref -20 dBm Att  0 dB*

 A 

Center 4.82 GHz Span 70 MHz7 MHz/

*

 

1 SA
MAXH

*
*

3DB

RBW 1 MHz
VBW 30 kHz
SWT 20 ms

-120

-110

-100

-90

-80

-70

-60

-50

-40

-30

-20

1

Marker 1 [T1 ]
          -57.55 dBm
     4.815000000 GHz

   

 

Ref -20 dBm Att  0 dB*

 A 

*

 

1 SA
CLRWR

Center 2.4 GHz Span 10 MHz1 MHz/

*
*

3DB

RBW 300 kHz
VBW 30 kHz
SWT 5 ms

-120

-110

-100

-90

-80

-70

-60

-50

-40

-30

-20

1

Marker 1 [T1 ]
          -55.25 dBm
     2.400000000 GHz
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K.3 Test Probe Calibration Measurements at 5.625 to 6.1 GHz with -50 dBm input 

 

K.4 Test Probe Calibration Measurements at 7.19 to 7.25 GHz with -50 dBm input 
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Appendix L. Rx Amplification Stage Results 

L.1 Rx Amplification Stage Measurements with -88 dBm input 
P_in 
(dBm) 

f_in 
(MHz) 

P_out 
(dBm) 

Total Att. 
(dB) 

Gain 
(dB) 

Expected 
Gain (dB) 

Total 
Cons.(mA) 

Expected Total 
Cons. (mA) 

-88 7190 -69,6 12 30,4 31,4 105 120 
-88 7200 -69,6 12 30,4 31,4 105 120 
-88 7210 -69,6 12 30,4 31,4 105 120 
-88 7220 -69,6 12 30,4 31,4 105 120 
-88 7230 -69,6 12 30,4 31,4 105 120 
-88 7240 -69,6 12 30,4 31,4 105 120 
-88 7250 -69,6 12 30,4 31,4 105 120 

 

L.2 Rx Amplification Stage Measurements with -84 dBm input 

P_in 
(dBm) 

f_in 
(MHz) 

P_out 
(dBm) 

Total Att. 
(dB) 

Gain 
(dB) 

Expected 
Gain (dB) 

Total 
Cons.(mA) 

Expected Total 
Cons. (mA) 

-84 7190 -65,7 12 30,3 31,4 105 120 
-84 7200 -65,7 12 30,3 31,4 105 120 
-84 7210 -65,7 12 30,3 31,4 105 120 
-84 7220 -65,7 12 30,3 31,4 105 120 
-84 7230 -65,7 12 30,3 31,4 105 120 
-84 7240 -65,7 12 30,3 31,4 105 120 
-84 7250 -65,7 12 30,3 31,4 105 120 
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L.3 Rx Amplification Stage Measurements with -80 dBm input 
P_in 
(dBm) 

f_in 
(MHz) 

P_out 
(dBm) 

Total Att. 
(dB) 

Gain 
(dB) 

Expected 
Gain (dB) 

Total 
Cons.(mA) 

Expected Total 
Cons. (mA) 

-80 7190 -62,8 12 29,2 31,4 105 120 
-80 7200 -62,8 12 29,2 31,4 105 120 
-80 7210 -62,8 12 29,2 31,4 105 120 
-80 7220 -62,8 12 29,2 31,4 105 120 
-80 7230 -62,8 12 29,2 31,4 105 120 
-80 7240 -62,8 12 29,2 31,4 105 120 
-80 7250 -62,8 12 29,2 31,4 105 120 

 

L.4 Rx Amplification Stage Measurements with -76 dBm input 
P_in 
(dBm) 

f_in 
(MHz) 

P_out 
(dBm) 

Total Att. 
(dB) 

Gain 
(dB) 

Expected 
Gain (dB) 

Total Cons. 
(mA) 

Expected Total 
Cons. (mA) 

-76 7190 -58,7 12 29,3 31,4 105 120 
-76 7200 -58,7 12 29,3 31,4 105 120 
-76 7210 -58,7 12 29,3 31,4 105 120 
-76 7220 -58,7 12 29,3 31,4 105 120 
-76 7230 -58,7 12 29,3 31,4 105 120 
-76 7240 -58,7 12 29,3 31,4 105 120 
-76 7250 -58,7 12 29,3 31,4 105 120 
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L.5 Rx Amplification Stage Measurements from 5 to 7.3 GHz with -88 dBm input 
P_in 
(dBm) 

f_in 
(GHz) 

P_out 
(dBm) 

Gain 
(dB) 

Expected 
Gain (dB) 

Gain per 
LNA (dB) 

Total Cons. 
(mA) 

Expected Total 
Cons. (mA) 

-88 5 -57 32 31,4 19,5 105 120 
-88 5,1 -59 31 31,4 19 105 120 
-88 5,2 -59 31 31,4 19 105 120 
-88 5,3 -59 31 31,4 19 105 120 
-88 5,4 -61 29 31,4 18 105 120 
-88 5,5 -61 29 31,4 18 105 120 
-88 5,6 -64 26 31,4 16,5 105 120 
-88 5,7 -64 26 31,4 16,5 105 120 
-88 5,8 -63 27 31,4 17 105 120 
-88 5,9 -64 26 31,4 16,5 105 120 
-88 6 -64 26 31,4 16,5 105 120 
-88 6,1 -64 26 31,4 16,5 105 120 
-88 6,2 -64 26 31,4 16,5 105 120 
-88 6,3 -66 24 31,4 15,5 105 120 
-88 6,4 -65 25 31,4 16 105 120 
-88 6,5 -65 25 31,4 16 105 120 
-88 6,6 -66 24 31,4 15,5 105 120 
-88 6,7 -67 23 31,4 15 105 120 
-88 6,8 -68 22 31,4 14,5 105 120 
-88 6,9 -70 20 31,4 13,5 105 120 
-88 7 -69 21 31,4 14 105 120 
-88 7,1 -70 20 31,4 13,5 105 120 
-88 7,2 -71 20 31,4 13,5 105 120 
-88 7,3 -70 21 31,4 14 105 120 
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Appendix M. PA Results 

f_in 
(MHz) 

P_in 
(dBm) 

V_d 
(V) 

V_source 
(V) 

V_g 
(V) 

P_out 
(dBm) 

Attenuation 
(dB) 

Gain 
(dB) 

Consumption 
(mA) 

7700 -25 8 5 -1,055 -72 56,6 9,6 >2A 
7800 -25 8 5 -1,055 -72 56,9 9,9 >2A 
7900 -25 8 5 -1,055 -68 57 14 >2A 
8000 -25 8 5 -1,055 -67 57 15 >2A 
8100 -25 8 5 -1,055 -68 57,7 14,7 >2A 
8200 -25 8 5 -1,055 -68 58,1 15,1 >2A 
8300 -25 8 5 -1,055 -70 58,5 13,5 >2A 
8400 -25 8 5 -1,055 -69 59,2 15,2 >2A 
8500 -25 8 5 -1,055 -70 58,9 13,9 >2A 
7700 -25 8 7 -1,476 -71 56,6 10,6 >2A 
7800 -25 8 7 -1,476 -72 56,9 9,9 >2A 
7900 -25 8 7 -1,476 -68 57 14 >2A 
8000 -25 8 7 -1,476 -66 57 16 >2A 
8100 -25 8 7 -1,476 -67 57,7 15,7 >2A 
8200 -25 8 7 -1,476 -68 58,1 15,1 >2A 
8300 -25 8 7 -1,476 -70 58,5 13,5 >2A 
8400 -25 8 7 -1,476 -69 59,2 15,2 >2A 
8500 -25 8 7 -1,476 -70 58,9 13,9 >2A 
7700 -25 8 4,3 -0,907 -73 56,6 8,6 >2A 
7800 -25 8 4,3 -0,907 -73 56,9 8,9 >2A 
7900 -25 8 4,3 -0,907 -69 57 13 >2A 
8000 -25 8 4,3 -0,907 -67 57 15 >2A 
8100 -25 8 4,3 -0,907 -68 57,7 14,7 >2A 
8200 -25 8 4,3 -0,907 -69 58,1 14,1 >2A 
8300 -25 8 4,3 -0,907 -70 58,5 13,5 >2A 
8400 -25 8 4,3 -0,907 -70 59,2 14,2 >2A 
8500 -25 8 4,3 -0,907 -70 58,9 13,9 >2A 
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Appendix N. PLL Results 

N.1 PLL frequency tuning Measurements 

fre
qu

en
cy

 c
ha

ng
in

g 

f_osc 
(MHz) 

f_target 
(MHz) 

f_measured 
(MHz) 

Pwr_measured 
(dBm) 

Pwr_out 
(dBm) 

cons. 
(mA) 

cons. expected 
(mA) 

100,35 4787,62 4784 -59 -7 95 85 
100,35 4797,61 4794 -59 -7 95 85 
100,35 4807,61 4804 -59 -7 94 85 
100,35 4817,60 4814 -59 -7 94 85 
100,35 4827,60 4824 -59 -7 94 85 
100,35 4837,59 4833 -59 -7 94 85 
100,35 4847,59 4844 -59 -7 95 85 
100,35 5617,20 5618 -58 -6 101 85 
100,35 5657,18 5656 -58 -6 101 85 
100,35 5697,16 5696 -58 -6 101 85 
100,35 5697,16 5716 -58 -6 100 85 
100,35 5737,14 5736 -57 -6 100 85 
100,35 5777,12 5775 -58 -6 100 85 
100,35 5817,10 5815 -58 -6 100 85 
100,35 5857,08 5855 -58 -6 100 90 
100,35 5897,06 5895 -58 -6 100 90 
100,35 5937,04 5934 -57 -5 98 90 
100,35 5977,03 5974 -58 -6 100 90 
100,35 6017,01 6014 -59 -7 98 90 
100,35 6056,99 6054 -59 -7 98 90 
100,35 6096,96 6093 -59 -7 98 90 
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N.2 PLL power level Measurements 
Le

ve
l P

LL
 c

ha
ng

in
g 

f_osc 
(MHz) 

f_target 
(MHz) 

f_measure
d (MHz) 

Level 
PLL 

Pwr_measur
ed (dBm) 

Att. 
(dB) 

Pwr_out 
(dBm) 

cons. 
(mA) 

cons. 
Expected 
(mA) 

100,2 4900,62 4902 0 -88,0 52 -36 79 78 
100,2 4900,62 4902 5 -80,0 52 -28 82 79 
100,2 4900,62 4902 10 -72,0 52 -20 84 80 
100,2 4900,62 4902 15 -67,0 52 -15 86 81 
100,2 4900,62 4902 20 -64,5 52 -12,5 89 83 
100,2 4900,62 4902 25 -61,0 52 -9 91 84 
100,2 4900,62 4902 30 -60,0 52 -8 94 85 
100,2 4900,62 4902 35 -59,0 52 -7 95 86 
100,2 4900,62 4902 40 -58,7 52 -6,7 98 88 
100,2 4900,62 4902 45 -57,7 52 -5,7 101 89 
100,2 4900,62 4902 50 -56,6 52 -4,6 103 90 
100,2 4900,62 4902 55 -56,0 52 -4 105 91 
100,2 4900,62 4902 60 -55,4 52 -3,4 108 93 
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Appendix O. Power Supply Results 

O.1 Load connected to 8 V output, 5 V and 3V3 open 
V_in (V) Load (Ω) V_out (V) I_L (mA) I_in (mA) Efficiency (%) Temperature (ºC) 

12  - 8,05 0 6 0 23,4 
12  4,7 7,98 1697,9 1500 0,7527234 50 
12  20,4 7,98 391,1765 298 0,8729274 32 
12  220 7,98 36,273 33 0,7309504 25 
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O.2 Load connected to 5 V output, 3V3 open 
V_in (V) Load (Ω) V_out (V) I_L  (mA) I_in (mA) Efficiency (%) Temperature (ºC) 

  - 5,03 0 6 0,000 23,4 
  4,7 4,87 1036,17 468 0,899 36 
  20,4 4,98 244,1176 125 0,810 27,4 
  218 4,98 22,84404 15 0,632 23,7 

 
  



 

 lxxviii 

O.3 Load connected to 3V3 output, 5 V open 
V_in (V) Load (Ω) V_out (V) I_L  (mA) I_in (mA) Efficiency (%) Temperature (ºC) 
  - 3,35 0 6 0 23,4 
  4,7 3,27 695,7447 221 0,857875229 31 
  20,4 3,31 162,2549 60 0,745921841 26,2 
  220 3,32 15,09091 9 0,463905724 24 
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Glossary 

Cases 

ADC: Analog to Digital Converter 14 

ADS: Advanced Design System 1 

BER: Bit Error Rate 4 

CCM: Continuous Conduction Mode 17 

CE: Chip Enable 10 

CPG: Charge-Pump Gain 9 

CRC: Cyclic Redundancy Check 14 

DMA: Direct Memory Access 13 

EPS: Electric Power Supply 16 

GPIO: General-Purpose Input/Output 14 

GS: Ground Station 1 

HSE: High Speed External signal 14 

IDLE: Not active 15 

ITU: International Telecommunication Union 1, 3 

KISS: Keep It Simple Stupid protocol 13 

LDO: Low Dropout Regulator 10 

LEO: Low Earth Orbit 3 

LNA: Low Noise Amplifier 4 

mcu: Micro-Controller Unit 13 

MSB: Most Significant Bit 10 

OBC: On-Board Computer 3 

PA: Power Amplifier 7 

PAE: Projecte Avançat d'Enginyeria 1, 2, 3 

PCB: Printed Circuit Board 1, 2 

PLL: Phase-Locked Loops 8 

R/W: Read and Write 10 

RF: Radio Frequency 1, 3, 4 

Rx: Reception 4 

SDR: Software Defined Radio 2, 3 

SNR: Signal to Noise Ratio 4 

SPI: Serial Peripheral Interface 13 

TCXO: Thermaly Controlled Crystal Oscillator 8 



 

 lxxx 

TI: Texas Instruments 10 

TSP: Test Specifications and Procedures 5 

Tx: Transmission 4 

UART: Universal Asynchronous Receiver-Transmitter 15 

UHF: Ultra-High Frequency 3 

UPC: Universitat Politècnica de Catalunya 1 

VCO: Voltage Controlled Oscillator 9, 11 

XCOMMS: Communications Subsystem at X-band 1, 3, 4 
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