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Abstract
Norwegian Centre for Space-related Education (NAROM) performs education within subject areas 
related to space, such as space physics, atmosphere and space technology. This thesis describes the 
development of a transmitter to be used in NAROM´s studentrocket. The requirements were that the
transmitter should send with FM at 2279,5 MHz with an output of at least 750 milliwatt and with a 
speed of 512 kbit/s when NRZ coding is used. 
 
The transmitter that was designed and tested in this project used an IC that modulated the signal to 
FM and sent it out on a low frequency. Then the frequency was multiplied by a IC to the correct 
value, 2279,5 MHz.
Experiments showed that the transmitter worked satisfying, but a problem occurred: The frequency 
multiplier sent out unwanted overtones and the output power was to low. 

A final theoretical design was made to solve these problems. The final design uses the same 
modulation components as the tested transmitter, but filters are added and the amplifiers are 
changed to be able to handle the filters and give out a higher power. 

The transmitter can be use for other application that need a transmitter with bit-rate of up to 600 
kbit/s and frequency range of 2250-2300 MHz without change of filters. If the filters is change the 
frequency range will be 2250-2550 MHz.
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Abbreviations

βi-φ Bi-phase 

μC Microcontroller

ARR Andøya Rocket Range

dB Decibel

dBm Decibel milliwatt

FPGA Field-Programmable Gate Array

FM Frequency Modulated

FSK Frequency-Shift Keying

IC Integrated Circuit

NAROM Norwegian Centre for Space-related Education

NRZ Non Return to Zero

PCB Printed Circuit Board

PLL Phase-Looked Loop

RF Radio Frequency

uC Microcontroller

UWB Ultra Wide Band

VCO Voltage-Controlled Oscillator
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 1 Background
Transmitters are used everywhere. Almost everyone has a cellphone that connect to the cellphone 
network or a computer connected to the internet via wifi. Radio and television is send out by a 
transmitter so that it possible to listen to radio or watch television. Air plane communicate with the 
ground by telemetric. Satellites send down data of the weather so it's possible to make weather 
forecasts and GPS satellites transmit data so that it's possible to get a accurate position and make it 
simple to navigate. Transmitters is used for many things and on a rocket they are used to transmit 
measurements during the flight.

Norwegian Centre for Space-related Education (NAROM), started in 2000. They perform 
educational activities, conferences and seminars at all levels of education within subject areas 
related to space, such as atmosphere, environment, space physics and space technology. NAROM, 
which is placed at Andøya Rocket Range (ARR), is a subsidiary to ARR. 

One activity at NAROM is that students or teachers will come to Andøya for a week course in 
which they will do a small rocket project to learn about the way scientists work. In the project they 
connect a few sensors to an encoder and a transmitter and put it on a rocket which they also launch. 
The rocket land with a parachute in the sea. Under the flight the data from the sensors on the rocket 
is transmitted down and received at the ground station. They analyze the data from the sensors. That
can be measured are for example acceleration, temperature and magnetic field. The data that is 
receive is both display in real time and recorded. Because of the flight time and the type of 
measurement they do they only need to be able to send down data, so no receiver is on the rocket.

The transmission is done continuous with sending packages after each other. Today packages have 
first a 16 bits sync-word, then a 16 bits counter (to know which pack they received) and then 80 bits
of data is left for the sensors [1]. Every package have total of 112 bits in it. After the last bit is send 
in a package the next package will be sent.

NAROM will now start using a new, bigger rocket that is 2-3 m long and is planned to fly more or 
less straight up to an altitude of 20 km with an acceleration of up to 90 G and bring heavier payload 
with it than the old one. At the same time NAROM plan to upgrade the rest of the equipment on the 
rocket. Then the transmitter has to be changed (which means modulator and amplifiers in this case) 
because some of its components are no longer produced. NAROM also plan to upgrade the 
transmitter so it can send at double the bit-rate for they have done research and find that the receiver
station will be able to handle this. Then they could get more accurate data from the accelerometer 
and put on more sensors without losing the sample rate. With a higher bit-rate it's also possible to 
add check or correction bits.
To get the double bit-rate they will change the coding technique from Bi-phase (βi-φ) to Non return 
to zero (NRZ). βi-φ need two symbols for sending one data bit but NRZ need only one, this mean 
that the possibly frequency changes when using Frequency Modulation (FM) still be the same but 
the bit-rate will be the double. NAROM is not sure if the receiver can receive the double symbol 
rate therefore increasing the symbol rate while maintaining βi-φ is not an option. 

A problem that it can get if Amplitude modulation (AM) is used is the speed of the rocket. If the 
rocket accelerate with 30 G in average when the engine is burning it will get a maximum speed of 
616 m/s and get to 20000 m altitude in 65 s. At NAROM ground station the students manual control
the direction of the antenna and therefore it can be hard to follow the rocket and get stable signal 
power. FM demodulator instead decide what frequency that have strongest signal compare to the 
other one. This mean that variation in signal power will not interfere in the decision making as 
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much as for AM. Another advantage is that variations in the phase of the signal by example 
multipath will not degrade the link performance as much [2]. The signal power can still be a 
problem even when using FM instead of AM but with FM you will get more correct data.
To improve the quality of the data they normally receive the signal at ARR ground station too for its
ground station is much more advance then NAROM's. 

A thing that can be problem is that the speed will make the frequency to change by the Doppler 
effect. The frequency will change with 4,7kHz but this will not be a problem because the FM will 
make the frequency changes with 180kHz so it will still be clearly noticeable.

An alternative method instead of telemetry is to to store the data onboard. Then the rocket need to 
be found after it have land in sea and that can be hard. It's also possible that something get wrong 
and the rocket will break before the data can be retrieved. Because the rocket most both be found 
and it's electronic must still work it's a very big risk for data loss.

The cellphone network may be a possibility to receive the data from the rocket. The problem is that 
rocket will only be able to send data when it's at is lower altitudes. Because the rocket send out over
the sea to not risk any people the coverage of the cellphone net can vary and become a problem. 
This can be an option if you don't have any equipment for receiving signals at the ground but 
NAROM already have everything necessary for telemetry.

 1.1 Objectives

The purpose of this thesis is to design a transmitter that can send with FM at 2279,5 MHz with an 
output of at least 750 milliwatt and with a speed of 512 kbit/s when NRZ coding is used. 
 
The way of work was: 1) designing 2) building, testing, analysing 3) improving. 
The task has been split in four groups: 

• Modulation
• Amplifiers and filters 
• “Around electronic”
• Board layout 

 1.2 Background theory

Figure 1. Block diagram over transmission system. The green line is a digital signal and the blue is 
a radio signal. 

When digital information should be send by an antenna it goes through three steps; encoder, 
modulator, amplifier. This is illustrated in figure 1. If the information is taken from different sources
like sensors it will be put together into a string with all the information after each other. NAROM 
have decided that the encoder should be outside the transmitter block. 

The encoder changes the information to symbols that can be transmitted. Depending on what coding
system that is used the symbol will carry different things more than just the information. It can be 
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that some check or correction is put on; a clock signal can also be put on. This report will describe 
two different coding technologies βi-φ and NRZ. They can be seen in figure 2.

Figure 2. Top graph is the signal that want to be send. In the middle is the βi-φ coding of that signal
and lowest is the NRZ coding. 

From the encoder the symbol signal will go to the modulation and from this point the thesis will 
take on.
The modulator takes the symbol signal and put on a carrier frequency. The carrier frequency is the 
base frequency that the signal will have and when the symbol is put on it changes in different ways 
depending on the modulation. 
There are many ways that a digital signal can be modulated. There are three major modulation 
types: Amplitude-shift keying (ASK), Frequency-shift keying (FSK) and phase-shift keying (PSK). 
The three modulation types can be combined and also be done in more levels. 
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Figure 3. The top graph shows the signal that want to be modulated, the lowest show the ASK 
modulated signal.

ASK is the digital form of Amplitude modulation (AM). This can be seen in figure 3. The power 
level of the carrier is changed depending of the digital symbol signal.

Figure 4. The top graph is the signal that wants to be modulated, lowest is the FSK modulated 
signal.

FSK is the digital form of Frequency Modulation (FM). This can be seen in figure 4 where the 
frequency of the carrier is changed depending on the digital symbol signal. How much the 
frequency will change depends on bit-rate and coding technologies.
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Figure 5. The top graph is the signal that want to be modulated, lowest is the PSK modulated 
signal.

PSK can been seen in figure 5. The phase of the carrier is changed depending on the digital symbol 
signal.

After the signal is modulated it will be amplified if needed and then it goes to the antenna.

“S-band“ in the name of this report comes from that different bands in the frequency spectrum have 
different names. S-band is in the range between 1.5-5.2 GHz [3].

dB and dBm

Because the power level change over a big area of values it's much easier to calculate things in 
Decibel (dB) and Decibel milliwatt (dBm). dB is used if something gives amplification or loss. 
dBm tells the power level and can easily be converted to watt. The formal for converting a gain to 
dB and back is

L=10∗log10 G

G=10
L

10

where L is in dB and G is the power gain. For dBm the formula is
x=10∗log10(1000∗P)

P=
1

1000
∗10

x
10

where P is in watt and x in dBm.
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Phase lock loop (PLL) and voltage-controlled oscillator (VCO)

Figure 6. An example over how a PLL/VCO system can look.

A solution to get a stable frequency is to use a Phase lock loop (PLL) and a voltage-controlled 
oscillator (VCO) system. It can be found in figure 6. The PLL senses if the phase of the output 
signal is different from a reference source and thereby the frequency. The references source should 
have a well know frequency for example a crystal. 

To be able to get an output signal that have a different frequency then the reference source the PLL 
can use different techniques for example divide either reference source or output signal or both. It 
can also count how many periods the reference source, or the output signal, should do until they 
should have the same phase. 
Depending on how the phase differ from the PLL wanted value it can change its output. The 
common method is to use analog VCO and then the PLL have current output. The current output 
can change between three settings, induce current, do nothing and draw current. The current 
generator is connected to a VCO by a filter that converts the current to voltage. By using low pass 
filter it's possible to slow down this change and get the over or under swing lower and thereby make
it possible for the PLL to have time to regulate faster and more accurately. This system gives out a 
very stable frequency that is commonly used in many applications to generate exact frequency 
[4-5].

 2 Requirement

 2.1 Old transmitter 

Figure 7. Block diagram over the old transmitter. Around electronics are not shown in this figure. 
The data signal from the encoder is connected to a voltage divider so that it get the correct voltage 
before it's connected to input data signal on the modulation part.
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NAROM's old transmitter [6] is built on a design with PLL and VCO. A block diagram over the 
transmitter is shown in figure 7. The FSK modulation is done by setting the PLL to one of the 
sidebands and then introduce a voltage change between the filter and the VCO to get the other 
sideband. In this way it's possible to change the frequency. How much this voltage changes 
determines how much the frequency will change. When the frequency change the PLL will start and
try to make the actual frequency to the set frequency of PLL. The filter makes it possible to use a 
signal that is faster than the filter cut frequency. This makes the regulation from PLL of VCO output
frequency slower than the input signal change of this frequency. For example if the PLL is set to the
sideband that means “0”, by setting in an external voltage for “1” in between the filter and the VCO,
the frequency will change to the other sideband. The PLL will start trying to correct the frequency 
but because that is a low pass filter it will take time before it changes. If it's given enough time it 
will change back to the other sideband.
The effect of that it cannot handle “1” for a longer time, will limit how long time it can be “1” when
NRZ is used. One way to get around this problem is to use a different coding technique. It's 
therefore NAROM use βi-φ coding today and that is the reason why they need a new transmitter to 
be able to transmit in NRZ.

 2.2 Specification of requirements

The requirements for the transmitter are:

1. The transmitter should send on frequency 2279,5 MHz.

2. It should send with FM.

3. The transmitter should be able to send with a power of 750 mW or more.

4. The input digital signal will change between zero and five volt.

5. The transmitter should be able to transmit a data-rate of at least 512 kbit/s if NRZ coding is 
used. 

6. It should have connections for two antennas with one that is 90° phase changed. The antenna
connects with SMA connectors and has 50 Ω impedance.

7. It should be able to withstand an acceleration force of 90 G. 

8. The transmitter should fit in the rocket.

9. The cost should be reasonable.

 2.3 If possible

The follow things should the transmitter fulfill if possible:

1. The size of the transmitter needs to fit on the back plate and it need to have screw hole that 
fit to the plate.

2. A size of around 41 x 110 mm.

3. Weight no more than 50 g.

4. Be able to be powered from a 9 volt battery through the encoder.

5. It should not be as sensitive to ESD as the one today. 
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 3 Design
The task was split in four groups: modulation, amplifiers and filters, “around electronic” and board 
layout.
More information about the solution on component levels is to be found in appendix 1.

 3.1 Modulation

Modulation is the part that converts the digital signal to the correct frequency. I suggested two 
designs to NAROM and they decided that I should focus on frequency multiplier design but if I had 
time I also should try PLL/VCO with enable design. This because it's a big risk that the PLL/VCO 
with enable solution would not work.

 3.1.1 PLL/VCO with enable

Figure 8. Block diagram over my suggestion to get PLL/VCO system to work with NRZ coding.

Many of the PLL/VCO IC currently in use have the current generator in the third state when they 
are in the programmed mode. That means that they don't draw or send any current and therefor they 
can't change the VCO. The programming mode in the PLL/VCO IC is used for example setting the 
frequency. Many of the PLL/VCO IC use three or four connections for the programming, one 
enable connection, one clock and one or two for data. The programming starts when the enable 
connection is set to low or high depending on model. After that the data with setting can be send 
over [5].

I got an idea that a possible solution is to use the enable connection to set the PLL/VCO IC in the 
third state. This is shown in figure 8. For example if the PLL/VCO IC is set to the lower sideband 
frequency when the symbol is '0'. When the symbol is '1' the PLL/VCO is changed in the normal 
way but also the enable connection is also changed so the PLL is set in programming mode. This 
means that it will not try to change the frequency. When '0' then are send the PLL/VCO is turned 
back to normal mode and the signal at VCO is also turned back to normal. 
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 3.1.2 Frequency multiplier 

Figure 9. Block diagram over modulator part of the multiplier design. The green line is digital 
signal and the blue is radio frequency (RF) signal.

On the market there is modulation ICs [7] for FSK that can be set to different open frequency 
bands. 2279,5 MHz is not a frequency in one of this open bands. This is why most modulation 
circuits can't send on this frequency. My idea to get the correct frequency is to use a frequency 
multiplier. By multiplying 455,9 MHz with five it get to 2279,5 MHz as shown in figure 9. This 
makes it possible to get a relative simple solution. A draw back with this kind of solution is that the 
power out from frequency multiplier will be much lower than with PLL/VCO solution and therefore
it needs more amplification. 

Figure 10. Signal change in a frequency multiplier by resistance model. Input signal is the vertical 
and the output signal is horizontal to the right.

The frequency multiplier work by using a nonlinear component e.g. a diode. A multiplier can be 
described as a nonlinear resistance or capacitance models. Often a multiplier diode works in a 
combination of this two models. By using this nonlinearity the input signal will change from a clean
cosines wave to wave with more peaks as in figure 10 for the resistance model. The signal change 
for the capacitance model is almost the same as in figure 10. This signal can be describe by a power
series [8]

I (t)=I 0+ I [1] cos(ωg t)+ I[2]cos (2ωg t)+ I[3]cos (3ωgt )+ I [4]cos (4ωgt )+ I [5 ]cos(5ωg t)+...
Q(t)=Q0+Q[1]cos (ωg t)+Q[2]cos (2ωgt)+Q[3 ]cos (3ωg t)+Q[4] cos(4ωgt )+Q[5]cos (5ωgt )+...

.
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Each term after the second one is a overtone of this. By optimizing the multiplier different terms 
can be stronger then others. Because a diode frequency multiplier is a passive device that only use 
the power in the signal to change it means that the total power in signal with all the overtones can 
not be stronger then the input signal to the multiplier. Also the change in the signal will make loss in
the signal witch mean that the total output power will be lower then the input signals power. 
Because of this the wanted overtone will have a much lower power then the input power.

 3.1.3 Other possible solutions

 3.1.3.1 Switch

Figure 11. Block diagram over simple FSK solution with a switch.

The simplest design for FSK is to use a switch that changes between two different frequency 
sources as shown in figure 11. By using two PLL/VCO programmable circuits it is possible to set 
the two frequencies to an exact value and also change them if needed. A switch change between the 
two frequency sources is depending of the value “0” or “1” from the encoder. The advantage with 
this design is that it is very simple and it's possible to change frequency fast. The disadvantage is 
that the two frequencies are not in phase so it can be like the signal wave jumps from the lowest to 
the highest voltage. The telemetry group at ARR were not sure that it would work for them to 
receive the signal because of the phase shifting. Therefor this design could not be used in this 
project.

 3.1.3.2 Reprogram PLL/VCO

By using a PLL/VCO that is programmable and reprogrammable it´s possible to change the output 
frequency. The type of PLL/VCO that can work for this design uses a 32-bit long string to change 
the frequency. It take 1,6 μs to send the string. To program the PLL/VCO a microcontroller (μC), a 
Field-programmable gate array (FPGA) or other IC can be used. 

The problem is that it takes time for the PLL/VCO to regulate and stabilize on a new frequency. If 
the data sends with 512 kbit/s it has only around 350 ns to stabilize which is to short.
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 3.2 Amplification and filter problem

Figure 12. Block diagram over the frequency multiplier design with out the around electronic.

The frequency multiplier design is shown in figure 12. The data signal from encoder goes into the 
modulator IC, SX1230, that modulate the signal. The μC is only to set the SX1230 parametric 
correct. SX1230 can be set to different output powers. From SX1230 the signal is amplified in 
MGA-30889 before it's multiplied with 5 times in RMK-5-2751+. From the multiplier it's amplified
in GALI-6+'s and ALM-31222 before it comes to QCN-27+ where it's split to the two antennas, on 
each side of the rocket. 

 3.3 Differences between test board 1 and 2

Two test boards were created because the first one didn't work. The biggest difference between 
them is the printed circuit board (PCB). There are some around components that were changed 
between board 1 and board 2 to improve it further. All the components that were changed can be 
found in appendix 1.

 4 Board layout
CadSoft EAGLE 6.3.0 were used to design the layout of the board. In this program the circuit can 
be built in a schematic view and transformed to a board layout.

 4.1 Impedance in RF-line

To transport the radio signal between the different components a transmission line is used. When the
signal has low frequency it goes inside the material but when the frequency gets higher it starts to 
move outwards by the skin effect. The transmission line will interact with the surrounding material 
so it can in some way be seen like two parallel lines, with the current going in one direction in one 
of them and then back in the other. This will generate a magnetic field as shown in figure 13. 
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Figure 13. How two transmission lines interact with each other. The blue is the magnetic field.

This can been described as a circuit with inductors, capacitors and resistors. How this interaction 
from the surrounding material reacts is described by impedance. When two different things like a 
component and RF-line is connected to each other it's important that the impedance is the same. If 
not there will be reflection. It's easy to calculate the reflection if the impedance is known by using 
the formula [9]

Γ=
ZL−Z0

Z L+Z0

were Z0 is the impedance from where the signal comes and ZL is the impedance where the signal 
goes.

All RF components in this project have 50 Ω impedance. This makes it easier because there is no 
need to change the impedance. The reflection can cause loss of power and it can also bounce back 
to the amplifier i. e. it can work together with outgoing signal from the amplifiers to make it 
stronger and destroy the amplifier.

Impedance in the RF-line is something that must be taken into concideration if the distance is longer
than λ/20. It's not a disadvantage to do it even for shorter distances.

Figure 14. Microstrip from the side. The yellow is the RF-line, the red is the ground plane and the 
green is the dielectric.

How the RF-line should look like depends on the material in the PCB. The impedance depends of 
the width, height and material around, not on the length. But the length can degrade the signal. 
There are two types of designs of the RF-line that can be used in this project, microstrip and 
coplane waveguide. Microstrip is a line with nothing on the side and a ground plane under it. 
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Nothing on the side means that there is nothing in a distance of three times the thickness of the 
dielectric. See figure 14. It's possible to calculate the value by formula [10-11]

Z0=
60
√εeff

ln(
8h
w

+
w
4h

) w /h⩽1

Z0=
1

√εeff

120 π

[
w
h

+1,393+0,667 ln(
w
h

+1,444)]

w /h⩾1
.

Microstrip is a simpler design than coplane waveguide but the disadvantage is the microstrip is 
wider.

Another solution is to use a coplane waveguide. This has a ground plane around the RF-line, see 
figure 15. It can be with or without ground plane underneath. This gives a much more narrow line 
and the distance to the ground can be smaller. The ground plane around should extend at least five 
times wider than B in figure 14. Because it interacts with material in a much more complex way 
than microstrip so it's impossible to calculate with a simple formula. The normal solution is to use 
software that has an integrated model to solve these problems. 

Figure 15. Coplane waveguide from the side. Yellow is the RF-line, red the ground plane and green 
is the dielectric.

To calculate the impedance AppCAD 4.0.0 from Avago Technologies is used. It can calculate 
impedance both for mictrostrip and coplanar waveguide. To get the ground around and under the 
RF-line at the same level so that no current loop starts to go into it, it's important to use via's that 
connect the two layers. The via's should not be separated with bigger distance then λ/20 from each 
other and the line [10]. It’s better if the distance is shorter. 

To get a clean signal it's important that different signals are separated as well as possible, RF in one 
area, digital in another and then power in the last. In this way no noise is picked up from the other 
areas. It's also important that the power supply is decoupled as close as possible to the users IC. The
decouple should work so that only DC current goes to the wire and all fast variations in power use 
is picked up by the capacitor.

 4.2 Test board 1

NAROM has equipment to do its own PCB with photoengraving. The drawback in the precision is 
not very good compared to other methods. They use FR-4 that is a standard PCB [12-13].
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Table 1. Data from AppCAD for FR-4 PCB with a design with Microstrip. R is the reflection. This is
for test board 1.

To be able to determine the layout, the size of the RF-line needed to be calculated. Table 1 shows 
how little the difference constant need to be changed to give wrong impedance in test board 1. Also 
the dielectric ε can change because FR-4 is a board that is made without RF and/or fast transmission
in mind [10, 13].

 4.3 Test board 2

 4.3.1 PCB Manufacturing

The manufacturer producing the board is Elprint Norge AS. NAROM has used their products before
.

 4.3.2 Board

A normal board as FR-4 works well for things without high RF and/or fast transmission. The 
problem with FR-4 and similar boards is that the dielectric ε can change with frequency and 
environment. Therefore manufacturers produce boards with dielectric constant that has a known 
change and is relatively constant. Elprint uses Rogers as main supplier for this type of board. As 
standard they have two types, RO4003C and RO4350B in different thickness and with different 
thickness of copper on. For two layers board they have some standard thicknesses that are possible 
to choose. After calculation by AppCAD the decision where to use one of Elprint standard board 
RO4350B with a thickness of 762 μm and with a copper layer of 70 μm on each side. This decision 
is made to ensure correct impedance in relation to the size of tracks and gap around the tracks. 
Normally the board only has a copper layer of 18μm on each side, by using a thicker layer the size 
of tracks and gap don't get as critical as can been seen in table 2. 
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FR-4 Coppar thickness: 35μm, dielectric H= 1,43mm
2280 MHz
Coplanar

R(%)
1950 600 50 0
1800 600 52 1,96
1450 600 57,3 6,80
2100 600 48,2 1,83
2450 600 44,6 5,71
1950 900 53,6 3,47
1950 300 43,3 7,18
1750 800 55,5 5,21
2150 400 44,1 6,27

Width(μm) Gap(μm) Z0(Ω)



Table 2. Data from AppCAD for RO4350B PCB with a design with Microstrip. R is the reflection. 
This values is used for the construction of test board 2.

 4.3.3 Surface finish

The PCB manufacturer applies a surface finish to avoid oxidation on the copper pad during the time
between the manufacturing of the board and when the component is soldered. There are different 
types of surface finishes that can be put on, each has its own advantage and disadvantage [14-19]. 
Information about the different surface finish can be read about in appendix 1. Elprint suggested 
that ENIG should be used. It has a thick layer of nickel with a thin layer of gold. The nickel is put 
on by an auto catalytic reaction that creates a layer 120-240 µinch in the copper. After this gold is 
put on by an immersion reaction, which makes a layer of 2-4 µinch of gold on the nickel.
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RO4350B
2280 MHz

R(%)
900 220 50 0
900 180 43,2 7,30
900 300 56,1 5,75
800 320 60,3 9,34
800 220 52,7 2,63

70μm*2, 0,762mm

Coplanar
Width(um) Gap(μm) Z0(Ω)



 5 Testing & soldering 
This is a short version of the testing. For more details about the testing see appendix 3.

 5.1 Test set up

Figure 16. Test setup. The green signal is for programming the μC or to look on the communication 
between the μC and the modulator IC with an oscilloscope so that the modulator IC gets right 
settings. One of the yellows is for set the transmitter in a programming mode so that μC can be 
programmed. The other yellow is for the data that should be sent. It is ether connected manually to 
low or high or is connected to a separate μC that send a string with high and lowes. The red signal 
is the power to the transmitter. The purple is the antennas connection, one is always connected to 
50 Ω dummy load, the other is changed between 50 Ω dummy load, spectrum analysator and 
receiver station. Only one is connected at each time. 

The testing was done in more or less the same way for the two test boards. The test setup can be 
seen in photo 1 and figure 16.
First test is a visual inspection of the board and a test to see that its connections were right. Step two
is to solder all the components except the 0 Ω resistors. This is to make it possible to check the 
DC/DC converters. Next test is to check the voltage from the DC/DC converters and the current that
they use. Then the μC and SX1230 is connected to 3,3 volt and set for programming and the current
to them is measured. The μC is programmed so it should send data to SX1230 so that it's possible to
see the information on the oscilloscope. It turns into non programming and the signal between μC 
and SX1230 can be read on the oscilloscope.
All amplifiers are connected to correct voltage, 50 Ω dummy load is connected to the antennas 
output. It's set for programming and a new program that turns on the transmitter on lowest effect is 
loaded onto the μC. It's set to non-programming and it's turned on. The current that it uses is 
measured.
The spectrum analyzer is connected to one of the antenna's output. The frequency and power is 
measured. The SX1230 power output is raised with 2 dBm until it reaches 2 dBm, then it's raised 
with 1 dBm up till 4 dBm. 
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To be able to see if the data sends, the transmitter is connected to the receiver station antenna input 
on the lowest output from SX1230 and with an attenuator of 30 dB. With a μC they send in a data 
stream that look like the one they send from the rocket. The μC uses that clock signal from SX1230 
to know when it should send a new bit. The data stream first sends out with a bit-rate of 488 bit/s 
and then with a bit-rate of 512 kbit/s. 

Photo 1. Test setup for measurement of the output power.

 5.2 Test board 1

Photo 2. Photo of test board 1. The connector to the encoder, power and antennas is on the other 
side.
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Test board 1 in photo 2 had one wire that was broken but it was fixed by soldering a copper wire on 
it. Modulator IC, SX1230 and all amplifiers and DC/DC converter for 5 volt were soldered in an 
oven. Because of a smaller mistake I needed to repeat the soldering in the oven three times. It took 
long time to place them because some of them have small legs, only 0,2 mm wide. The components 
that weren't soldered in the oven were soldered by hand.
After the components were soldered to the board I found that the DC/DC converter for 5 volt was 
broken or not soldered correctly. DC/DC converter for 10 volt gave out a bit to low voltage, which 
could be a problem. 
The signal from μC didn't work correctly with the inbuilt software function. So I decided to do my 
own software function to be able to communicate with SX1230. When turning on all the amplifiers 
they drew correct current. The SX1230 turned into transmitter mode, starting with the lowest value 
and then raised up to 2 dBm, but no signal was able to get out. At this point I stopped the testing. 
For more detailed information see appendix 3.

 5.3 Test board 2

Photo 3. Photo of test board 2.

When it was time to solder test board 2 I decided to travel to LTU in Luleå to get a better result and 
maximize the chance to get a signal. At LTU they could put on the solder pasta with stencil and they
had a pick and place machine. I decided to place most of the components with the pick and place 
machine and solder them in the oven, only things that need special care were soldered by hand. The 
final board can be seen in photo 3.

When the testing stared the DC/DC converter for 10 volt converter didn't work, while 5 volt worked
well. 
When the transmitter in modulator, SX1230 was turned on its lowest level it sent out a signal. The 
problem was that it also sent out overtones on every 455 MHz. This is from the frequency 
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multiplier. See photo 4. 

Photo 4. Spectrum over the output when SX1230 sent with -12 dBm. The lines from the left to the 
right: 0, 456, 912,1368, 1824, 2279.8 , 2736 and 3192 MHz. The line at 456 MHz will in later test 
be so low so it cannot be measured.

The SX1230 output power was stepped up in steps of 2 dBm from -18 dBm up to 2 dBm. Then it 
was stepped in 1 dBm, the lowest step size that can be done with SX1230. The test stopped when 
SX1230 output power stopped at 4 dBm because the maximum input power to the frequency 
multiplier was reached for a typical value without any loss in RF-line and normal working 
components. If SX1230 would have been turned higher there would be a risk for something to 
break. I was unsure how it would affect the output but maybe the spectrum analysator could break.

The transmitter was connected to the receiver station and everything was turned on to start sending 
information from the μC to transmitter and receiver station. On the demodulator it's possible to see 
that it gets a clear signal. But I was not able to get the signal bit-locked. I tried many things to get it 
bit-locked but I gave up and asked for help from one of the staff at ARR, only to find out that the 
amplifier in the demodulator where set to low. It was then able to send in a bit-rate of 488 bit/s. I 
tried to turn up the bit-rate to 512 kbit/s. It then sent with a speed of 156 kbit/s. I found out that it 
was the μC that sent to slow for my program and the program were not optimized for the speed. 
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 6 Analyzes of testing

 6.1 Test board 1

I found four reasons why it didn't work:

• Solder in oven – I did it three times and therefore something could have gone wrong with 
the components.

• Bad soldering's – I used many small components that I soldered by hand and some of them 
could have been badly soldered.

• Wrong impedance – Because I didn't know the correct material constant of the board and the
margin is so small, the impedance can have been wrong.

• SX1230 sends with to high effect– There's a chance that I by mistake turned on SX1230 on 
to high output power.

 6.2 Test board 2

Diagram 1. The measured output signals from the test for the power. The power is the combined of 
the output power to the two antennas.

Diagram 1 shows all measured signals except for 456 MHz for it where to low to measured. The 
output power is for the two antennas combined. The wanted signal is 2279,69 MHz, the green line 
in the diagram. The five other signals is the overtones from the ground frequency and should be 
there according to frequency multiplier datasheet but the signal on frequency 911,9 , 1828,8 and 
2735,6 MHz should have much lower signal power [20-21].
It can been seen that there are two measurement points at input power of -2 dBm from the 
modulator, SX1230. This is because this test was done on more than one occasion and was therefore
measured twice. In diagram 1 can been seen that many of the frequencies flatten out when the input 
power from SX1230 reach around -4 to -2 dBm. One thing is that the modulator, SX1230 changes 
amplifier at -2 dBm and they are maybe not exact correct to each other. The datasheet for SX1230 
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specifies that the output power can be 3 dBm under the set power, it doesn't say how much higher it 
can be [7]. But it's not surprising if it's 3 dBm higher than the set power value. This means that 
when it's set to 2 dBm it can give out 5 dBm and the frequency multiplier will get around 21 dBm. 
Its maximum input power is 20 dBm [20]. The amplifier between it and SX1230, MGA-30889 has a
typical maximum output of 20 dBm [22]. This means that it might limit the output power to the 
frequency multiplier. 

Diagram 2. 2279,7 MHz total output power to the antenna.

For diagram 2, 3 and 4 the calculation for the theoretical output power. No loss in the RF-line has 
been taken into account. It's unknown how it affects the frequency multiplier if it used at a lower 
power than what is tested in the datasheet. The theoretical lowest power output line shows when the
most components use the highest operational temperature and the wanted voltage. If no value is 
given for the highest operational temperature an estimation has been done. The theoretical output is 
the value that has been given for all components as the typical value around +20 to +25 degree 
Celsius [7, 20-27]. No loss in the RF-line has been taken into account. 

The modulator, SX1230, was set on 4 dBm, the theoretically typical highest allowed input power 
before the frequency multiplier breaks.
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Diagram 3. Overtone at 1823,75 MHz and theoretical values.

Diagram 4. Overtone at 2735,61 MHz and theoretical values.

It's interesting that according to the datasheet for the frequency multiplier [20-21], 1823,75 MHz 
should be 75 dB below 2279 MHz power, and 2735 MHz should be 63 dB below the 2279 MHz 
power. Diagram 1 shows that they are around 15 dB under 2279 MHz. They should not be exactly 
63 dB under because the amplifiers after will amplify them more than 2279 MHz, but they should 
not be as high as they are. This is shown in diagram 3 and 4. This can be because of the way I have 
calculated the theoretical value for the frequency multiplier. I have just taken the loss and used its 
constant for all input power. The advantage is that 1823,75 and 2735 MHz is constantly around -10 
dB or lower compared to the power of 2279 MHz. This is when given an input power of -14 dBm or
higher from the modulator IC. 
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 7 Final design
In this chapter the final design will be discussed.

Figure 17. The board of the final design.

 7.1 Changes from early boards

The things that need to be changed for test board 2 is that unwanted overtones need to be taken 
away and the output signal needs to be stronger.

According to “Recommendation ITU-R SM.329-10” [28] the disturbance should not be bigger than 
-50 dBm. I have also contacted Post- og teletilsynet. They answered that I had to apply for a test 
license and after the test is finished I might need to write a report about the result before the 
transmitter can be used. For more information, see appendix 4 for the email conversation in 
Swedish/Norwegian. 
In “FOR-2012-01-19 nr 77” [29] you can find that for Ultra Wide Band (UWB) 1,6-2,7 GHz it is 
allowed to send with -85 dBm/MHz and 2,7-3,4 GHz to send with -70 dBm/MHz. This can’t be 
translated directly to this type of transmitter because UWB sends over very many frequencies with 
pulses and it's a completely different technique to send information. 
Using -50 dBm should mean that 1823 MHz and 2725 MHz should be attenuated with close to 60 
dBm to be sure a safety margin of 10 dB. This means that no more signal from the transmitter than 
the one at 2279 MHz should be bigger than -60 dBm. For the other frequencies, lower is better. To 
be sure that the output power gets higher than the requirement 750 mW set the power on 2279 MHz
is set to be 1 watt. 1 watt equals 30 dBm.
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Photo 4. Photo of the test board 2 mounted.

As photo 4 shows that the distance between the encoder and transmitter is to short, so the 
transmitter needs to be moved about 1 cm.

 7.2 Components

2279 MHz is not a standard frequency and that make it hard to find filters that are not custom made.
The only manufactured that I was able to find is Mini-Circuit. They have 4 low, 4 high and 4 band 
pass filters that can work with this frequency. The best thing would be if it only needed one filter, or
as few as possible.
I found out that the combination of BFCN-2275+ and LFCN-2250+ works best. It's not enough to 
use only one of BFCN-2275+ and one LFCN-2250+, but by using a combination with more then 
one of each it will work. For every filter that is put on more and more signal power will be lost, 
therefore the amplifiers between frequency multiplier, RMK-5-2751+ and splitter, QCN-27 needs to
be changed. The last amplifier, ALM-31222 would have a very little margin to its maximum output 
power. To correct this the amplifier was changed to ALM-32220. It's in the same product family but
its maximum output power is 2 watts instead of 1 watt.
By taking away the amplifications from the ALM-31222 and the two GALI-6+ the output can be 
calculated and the value for the different frequencies can been seen in table 3.

Table 3. Effect with filters with calculation from the result from the test of test board 2. The wanted 
value is set to -60 dBm for all frequencies but for 2279,69 MHz it's 30 dBm [23-25, 30-33]. In the 
different columns, positive means that there is lower power then the wanted value and negative 
means that there is higher power then wanted value. 

As table 3 shows it needs to put on amplifiers with a total gain of at least 43,6 dB. The solution 
found was that two GVA-63+ and one PGA-103+ both from Mini-Circuit gave a better solution. 
They use 5 volt as input voltage and therefore no 10 volt DC/DC converter will be needed. They 
will together give a gain of 49,4 dB. The maximum output will then be 36,3 dBm without taking 
any maximum output power from each component into account. This is not a problem because the 
SX1230 is set to 4 dBm in table 3 so it's possible to lower the output power at least 22 dB. 
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5 4

911,9 -18,6 -41,4 -218,6 -219,2 -161,3 101,3
1367,8 -12,4 12,4 -209,4 -210,6 -152,7 92,7
1823,8 -31,9 31,9 -131,9 -134,3 -76,4 16,4

2279,69 -15,4 45,4 -23,1 -27,9 30,0 0,0
2735,6 -27,8 -32,2 -67,8 -131,8 -73,9 13,9

3192,12 -28,4 -31,6 -113,4 -245,4 -187,5 127,5

BFCN-2275+
(dBm)

LFCN-
2250+(dBm)

Frequency
Max effect without ALM-
31222 and GALI-6(dBm)

Diffrent from 
wanted(dBm) No. use

If 2279MHz is 
correct(dBm)

Diffrent if 
2279,69 MHz 
is correct



To check that it still works if the filter give less loss than they normal do, and the amplifiers give 
more gain than they should, a calculation was done. It showed that 1823,8 MHz might be -59,4 
dBm when the output is 30 dBm, 0,6 dBm lower than it should. Because of that and because the 
output power marginal is so big one more BFCN-2275+ is applied. This will still give an output 
marginal of 3 dB.

To see that it works correctly a calculation was done to see what would happen if the new amplifiers
work at their maximum operational temperature and that the filter gives out more loss, without any 
output power limit. This calculation shows that if the modulator, SX1230 sends out 4 dBm, the 
output from the transmitter will be 32 dBm. This means that there is a margin of at least 2 dB that 
can be used for loss in the RF-line. 

The RF-line between the components will change so a theoretical output calculation without any 
loss in RF-line is done. Table 4 show the calculation when output power from the modulator, 
SX1230 is set to its lowest value.

Table 4. Theoretical calculation without any loss in the RF-line in normal conditions [7, 20-22, 
26-27, 30-38].

The same theoretical calculation as in table 4 has been done but with a change so that the amplifiers
work at their lowest operational temperature and the other parts give lower loss. When SX1230 is 
set to is lowest output power then 2279,69 MHz will be send from the transmitter with a power of 
32,3 dBm. This is 2,3 dBm higher than the wanted value. 
More calculation can be found in appendix 6.
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6 4 2 1
456 -18 -18 -2,5

911,9 -98,7 -338,7 -339,4 -297,4 -280,4 -293,4 -295,0 235,0
1367,8 -24,7 -258,7 -259,8 -218,1 -204,2 -196,2 -198,7 138,7
1823,8 -87,0 -212,4 -214,0 -173,8 -162,2 -146,8 -150,0 90,0

2279,69 -23,9 -33,2 -37,1 3,1 13,2 26,9 23,6 6,4
2735,6 -81,3 -129,3 -205,3 -165,5 -156,7 -144,7 -148,3 88,3

3192,12 -31,5 -109,5 -241,5 -205,0 -197,3 -188,5 -191,1 131,1

BFCN-2275+
(dBm)

LFCN-2250+
(dBm)

GVA-63+
(dBm)

PGA-103+
(dBm)

Frequency Set dBm SX1230 (dBm)
MGA-30889 
(dBm)

RMK-5-2751+ 
(dBm) No. use

ALM-32220 
(dBm)

QCN-27 
(dBm)

Diffrent from 
wanted value



 7.3 Schematic of final design

Figure 18. Schematic of the final design part 1 with modulation and part of the filters and 
amplifiers.

The Schematic of the final design can been seen in figure 18 and 19 and the board in figure 17. 
Board layout for the two side separate is in appendix 9. Component list in appendix 5.
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Figure 19. Schematic of the final design part 2 with part of the filters and amplifiers and the 
DC/DC converters.
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 7.4 Verification of requirements

1. Requirement: The transmitter should send on frequency 2279,5 MHz.
Result: Test board 2 have some overtones that should be removed in the final design. The 
frequency was wrong around 190 kHz in the test because I thought that it should be 2279,69 
MHz. This is something that doesn't change the result and can easily be fixed by changing a 
number in the settings for the modulator IC.

2. Requirement: It should send with FM.
Result: The modulation IC, SX1230 send out with FSK the digital type of FM and it has 
been tested.

3. Requirement: The transmitter should be able to send with a power of 750 mW or more.
Result: Test board 2 send only with 187 mW. In the final design the amplification has gone 
higher and it should be no problem.

4. Requirement: The input digital signal will change between zero and five volt.
Result: A IC that convert between 5 and 3,3 volt have been selected but it have not been 
tested.

5. Requirement: The transmitter should be able to transmit a data-rate of at least 512 kbit/s if 
NRZ coding is used. 
Result: This hasn't been tested because the μC that was used as encoder couldn't send out 
data at an speed high enough. It was able to transmit in a data-rate of 156 kbit/s. According 
to the datasheet for SX1230 [7] and from the readings from the clock signal, the transmitter 
was sending in 512 kbit/s but it didn't manage to get data fast enough.

6. Requirement: It should have connections for two antennas with one that is 90° phase 
changed. The antenna connects with SMA connectors and has 50 Ω impedance.
Result: This has not been tested with two antennas connected at the same time but the IC 
that splits the signal is the same one as on the old transmitter.

7. Requirement: It should be able to withstand an acceleration force of 90 G. 
Result: The heaviest surface mounted component is the frequency multiplier. The weight is 
0.16 gram. This means that it will get a force of around 90*9,8*0,16*10-3=0,14 N. Weight of
800 gram was applied on a side of the components and it could withstand that weight. The 
force from 800 gram is 0,8*9,8 = 7,84 N. 
All surface mounted components have a relatively big solder surface compared to the 
weight. The only thing that is not surface mounted is the connectors and they get a stronger 
mount because they go through the board. This is one reason why the DC-DC converter for 
3,3 volt was changed.
There was no time to do the testing but I talked with my supervisor at NAROM about the 
acceleration force. He said that there is normally no problem because the components is so 
small and light. 

8. Requirement: The transmitter should fit in the rocket.
Result: Test board 2 have been tested to be put in the rocket and it fits. The final design 
board is a little bigger but the changes have been measured so it should work without any 
problems.

9. Requirement: The cost should be reasonable.
Result: The cost for the components is around 800 NOK. The cost for the test board 2 was 
603 NOK per board when five PCB where ordered. The price for the final board should be 
similar to the test board 2. This means that the cost will be around 1403 NOK without VAT 
and delivery. 
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 7.5 Verification of if possible

1. If possible: The size of the transmitter needs to fit on the back plate and it need to have 
screw hole that fit to the plate.
Result: Test board 2 have been tested mounted and it need to be changed a little and those 
changes have been done in the final design.

2. If possible: A size of around 41 x 110 mm.
Result: The design needed to be bigger. It got a size of 80 x 153 mm but this size is not a 
problem and NAROM knows this.

3. If possible: Weight not more than 50 g.
Result: Test board 2 weigh around 38 g. This is without the connector to the encoder that 
weighs around 8 g. The connector to the encoder, a few other components and a slightly 
bigger boarder means that the weight will be around 50 g. 

4. If possible: Be able to be powered from a 9 volt battery through the encoder.
Result: The DC-DC converter for 3,3 volt works between 4 and 16 volt and the DC-DC 
converter for 5 volt works between 6 and 24 volt.

5. If possible: It should not be as sensitive to ESD as the one today. 
Result: This is unknown. Both the old one and the new one needed to be able to give out a 
very high power. To be able to do this the last amplifier have a very low output resistance 
and is therefore very sensitive to ESD.
This problem makes it very hard to make the transmitter less sensitive to ESD.
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 8 Discussion
The purpose of this thesis was to design a transmitter that can send with FM at 2279,5 MHz with an
output of at least 750 milliwatt and with a speed of 512 kbit/s when NRZ coding is used. 

Test board 2 was tested and it could send with FM and the correct frequency. The bit-rate was lower
than 512 kbit/s because the μC that simulate the encoder didn't send fast enough. But according to 
the datasheet for modulate IC [7], and from the readings from the clock signal from the modulate 
IC, the transmitter was sending in 512 kbit/s but it didn't manage to get data fast enough to transmit.

The output power from test board 2 was lower than 750 milliwatt, and it sent out unwanted 
overtones. To correct this a final design was done. In this solution filters were added to take away 
the unwanted overtones. But the filters made a loss of power and to correct this the amplifiers had 
to be changed. The calculation for the change have been done while taking the previous test results 
into account. Verification of this design has been done in chapter 7.4 and 7.5.
When the amplifiers were changed it became possible to remove one of the voltage regulators. 

The final design is a theoretical product. It was time consuming to create test board 1 and 2, 
therefore there wasn't enough time to test the final design practically in this project. For test 
instruction see appendix 10.

Another solution that could be interesting to test is to use a PLL/VCO enable design, see chapter 
3.1.1. PLL/VCO enable would make a design without overtones and a much higher output power 
from the modulation part. This quality would possibly allow make for a simpler design with less 
amplifiers and filters. But there might be a problem because the PLL/VCO will be set to 
“programmed mode” very often and it's not designed for that.
The research for the PLL/VCO enable design has been done in this project but some work remains. 
In appendix 9 there is a schematic that can be improved. For information about components see 
appendix 1 and 8. 
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 10 Appendix 1 Component and board decision 

 10.1 Component

 10.1.1 Frequency multiplier design

The two components are a frequency multiplier and a transmitter that are made to work mainly with
in few different frequency bands. On of the frequency band is between around 430 to 510 MHz. 
Use a frequency multiplier that multiplies the frequency with five times the frequency band will be 
between 2150 to 2550 MHz. Mini-circuits have a frequency multiplier that multiply 5 times. 

 10.1.1.1 Mini-circuit 5x frequency multiplier

RMK-5-2751+ is a chip that can multiply frequency between 450.00 and 550.00 MHz with five 
times. This makes the output frequency to between 2250.00 and 5750 MHz. It is internally matched 
to 50 Ω impedance. It doesn’t need any DC power too work but it has around 22dB conversion loss 
on the signal. It can have an input power with a maximum of 20 dBm but the typical is 17 dBm. 

 10.1.1.2 Modulator and transmitter IC

The decision stood between two different modulators, CC115L and SX1230. They are alike in many
things but with some functions that differ. The biggest difference that made the decision to use 
SX1230 instead of CC115L is that it can transmit 600kbit/s in FSK, CC115L can only transmit 
500kbit/s. 

SX1230 is a transmitter IC from Semtech. It can modulate a signal by FSK or ASK with a speed of 
up to 600kbit/s for FSK. It can be programmed from μC to a SPI bus. It's possible to set many 
different things, like what frequency, how much the sideband should differ from the carrier 
frequency. It is also possible to set the transmitter power in a wide range, typical from –18 up to 
+13 dBm and in special case up to +17 dBm. It have low noise. 
To connect the encoder it has two ports, one for data signal from the encoder and one with a clock 
signal to the encoder. The clock signal is used when transmitter IC is applying some filter like 
GFSK or MSK then it need to know when the data bit is coming. 

 10.1.1.2.1 Crystal

SX1230 needs to have crystal between 26-32 MHz and the recommended is to use a 32 MHz 
crystal. Because the bit-rate, frequency and frequency derivation depend on the crystal frequency 
it’s not possible to choose one by random. For a 32 MHz crystal the frequency will differ with 293 
Hz and bit-rate will be with 4063,5 bit/s slower then the wanted bit-rate. Because it differs so little 
from the wanted value I decided together with NAROM to use at 32MHz crystal as Semtech 
recommend. Appendix 2 shows the difference for other frequency values for crystals that can be 
ordered from Farnell and Elfa.

 10.1.1.2.2 Around component for SX1230

Following the guidelines from Semtech for SX1230, all around components were decided to be the 
same or as similar as possible depending on what Farnell had in store.
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 10.1.2 PLL/VCO with enable

The biggest difference between different PLL/VCO circuits is the speed range and that some have 
integrated VCO and other need an external VCO. Because this design is relatively simple there are 
many that fulfill the requirement for it and can therefore be chosen between. ADIsimPLL Version 
3.43.04 is software from Applied Radio Labs and Analog Devices that simulates the PLL/VCO and 
helps one to decide what component that should be used for the filter. In the software there are 
many of Analog Device own PLL circuits but no other manufacturers. To make the design faster I 
decide to use one of the devices that is in the software. I found that ADF4350 fulfill the 
requirements and work well in this case. This circuit gives out a power between -4 to 5 dBm.

 10.1.2.1 Crystal

After simulating in ADIsimPLL Version 3.43.04 and calculations I decided that a 26 MHz crystal 
where to be used. 

 10.1.2.2 Filter

Figure 20. The current generation is CPOUT and the VCO input is VTUNE. When using FSK or 
FM it’s also connected, but it’s not showed in this figure.

In ADIsimPLL there are different types of filters to choose between. The program can then calculate
the best value for each component and how it will react if it is used for FM. Figure 20 shows how 
the filter I decided should be used. To be able to calibrate the change of the frequency easily I 
decided to use two potentiometers in the voltage divider for the testing. 

 10.1.2.3 Around components 

The around components for ADF4350 are according to the datasheet.
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 10.2 Amplifiers and filter

To minimize the problem with the noise I decided to try out amplifiers with especially low noise. To
be able to connect two antennas a splitter is used that phase change one of the antennas by 90 
degrees. 
To remove unwanted signals that components can give out filters can need to be applied.

 10.2.1 Multiplier design for test board 1 & 2

To get out the correct power from the transmitter it needs to use amplifiers. The decision was made 
to set SX1230 to a output power between 0 and 10 dBm and use an amplifier to get it around 15-17 
dBm for the 5 times multiplier. Multiplier will then give out a signal of -7 to -5 dBm. This signal 
needs to be amplified up to around 30dBm, 1 watt. The amplifiers should also have relatively low 
noise for it can be many other things that generates the noise.

I decided after a fast search on Internet to limit my search place for amplifiers to Farnell and 
Mini-circuit because otherwise it could have taken much longer time.

Between SX1230 and the multiplier I decided to use Avago's Technologies MGA-30889. It has a 
gain of 15,5 dB and noise of 1,9 dB. 
The problem is to find an amplifier with gain of around 35 dB and output power of 30 dBm for a 
reasonable price and size. I find that Avago's Technologies ALM-31222 has the correct output 
power and it doesn’t need that many around components and it don’t need a different voltage (only 
+5 volt). It has a gain of 16,5 dB, that means it needs an input power of 16,75 dBm. This means that
the signal needs to be amplified by around 23,26 dB. I decided it's best to use two Mini-circuit 
GALI-6, it has 11,9 dB gain and an out power maximum of 17,41 dBm. 
To be able to use two antennas a splitter is needed, because they sit on different sides of the rocket 
they also need to be phase shifted with 90 degrees. To do that Mini-circuit QCN-27+ is used. It's 
used on the old transmitter also and it's the best one that I can find (within reasonable time to search
for another one). The system is setup like in figure 21.

Figure 21. Block diagram over solution with multiplier.

After using these values from the datasheet for each component, I find that the output will be 
around 30 dBm with a SNR of 100 dB. The SNR that is given is only the best case, so the real one 
will be lower because the RF-line and round component will pick up noise. Because the SNR is so 
good this shouldn’t be a problem.
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 10.2.2 PLL/VCO with enable

Figure 22. Block diagram over solution with PLL/VCO enable.

The block diagram is shown in figure 22. To make it the design process faster I decided to use the 
same amplifier as last time for the multiplier design. From the ADF4350 the signal will need to be 
amplified with 11,75 to 20 dBm before it reaches ALM-31222. For this, MGA-30889 works well.

 10.3 Around electronic

 10.3.1 μC

The settings in SX1230 need to be setup every time it's restarted. This is done through a SPI bus. 
For communication to SPI it is possible to build up a system with logic circuits, but I felt that for 
me the simplest way is to use a microcontroller. I decide to use Attiny or Atmega from Atmel 
because I have used them before and I have the equipment to program them. Many of them have 
integrated controller for SPI and they are relatively similar too each other. I decide to use Attiny44A
because it’s small, has all that is needed and I have an Attiny84 at home that I can use for testing if 
something doesn’t work. The biggest different between Attiny44A and Attiny84 is the memory size,
4kB instead of 8kB for the program. Some other μC could be used but the cost and size difference is
so small so there for I felt this was the best one.
The same port that is use for the μC to send setting to SX1230 is use for programming the μC. If the
SX1230 is in programming mode when the μC is programmed it can brake the transmitter. This is 
fix by making it possibly to unconnect the line that sets the SX1230 in programming mode and 
connect it to +3,3 volt. This make the SX1230 don't get in to programming mode.

 10.3.2 Power

The battery that will deliver the power to this system is 9 volt. This doesn’t mean that it deliver 9 
Volt it only mean that the voltage is around this value and it changes depending on how much the 
battery has been used. This means that it must have a regulator to get out the correct voltage for 
different systems. 
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 10.3.2.1 +3,3 Volt

To test board 1, Texas instruments LM2574M-3.3 is used. A good thing is that it´s effective. A thing 
that is not so good is that it needs an inductor of 470uH. This means that the inductor gets big and 
heavy in compare to the other components. This is bad when the rocket will generate around 90 G 
on it. Because of that I decided to change it to Micrel Semiconductor MIC5209-3.3YS which is a 
smaller one. It a little less effectively but the total power use is not much on 3,3 volt so it will not be
a problem. 

 10.3.2.2 +5 Volt

Most of the power that the transmitter uses will go the 5 volt converter and because the rocket will 
use a battery it's very important that it has a high efficiency. The good thing with Microchip 
MCP16322T-500E is that is very effective and that it doesn’t need many around components. A 
thing that is both good and bad with it is that it’s small, good because it doesn’t need as much space,
but it's bad because it’s hard to solder it and almost impossible to replace it if it breaks.

 10.3.2.3 +10 Volt

Because voltage from the battery starts over 10 volt when it's new and then drops below 10 volt 
when it gets empty it's very hard to regulate it directly in an effective way. The best way to do this is
to go to another voltage first and then go up to 10 volt. On the board other components need +3.3 
and +5 volt, this means that is good if one of these can be used for the step up because then no extra
voltage converter is needed. By using a voltage double that doubles the voltage from 5 volt to 10 
volt it’s possible to get 10 volt in an effective way. I decided that Exar SP6661EN-L should be used.
It’s is a voltage doubler that only need three capacitors to work.

 10.3.2.4 Converter between 3,3 and 5 volt 

The SX1230 uses signal levels of 0 and 3,3 volt. It's specified that it should be able to handle a 
signal levels of 0 and 5 volt. This means that it must be converted between the two. Analog devices 
have different digital isolators that can change the voltage level between two different devices. 
That one that I think will work best is Analog Device ADuM1281CR. It can work with supply 
voltage between 2,7 and 5,5 volt with different on each side and it can isolate from high voltage up 
to 560 volts. It delays the signal with up to 20ns. 

 10.3.3 Connectors

The antennas use SMA connectors. Some of them on the market can handle a frequency of up to 18 
GHz but there’s no need to use one of them because this extra cost gives nothing on this transmitter. 
A cheaper one that can handle frequency of up to 3 GHz works well in this project. I find that TE 
Connectivity/AMP-5-1814400-1 works well.

To connect the transmitter to the encoder a terminal block is needed. This is the same design that the
old transmitter uses. The difference is that this uses a connector with 6 pins, one for power, one for 
data, one for clock signal and two for ground. Only one for ground is needed but I decided to use 
two if the cable between encode and transmitter should be long. Then it's possible to minimize the 
disturbance in the data signals. I find that TE Connectivity / BUCHANAN – 282836-5 works well.
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 10.3.4 Around components to PLL/VCO

To make the designing faster, I decided to use the same around components as long as they work for
the PLL/VCO design. A schematic design where done so that it where possibly to buy all 
component for the design. This for making it possibly to test the design if I had time. See appendix 
8 and 9 for the component list and schematic.

 10.4 Differences between test board 1 and 2

The things that have been changed is that the RF-block for the power supply to the two GALI-6's 
changed to follow the guidelines. The 3,3 voltage regulator on test board 1 where decided to change
to smaller one on test board 2. The PCB have been design for the new regulator but it where not 
bought to the testing. The test board 2 PCB have been designed so that ADuM1281CR can be solder
on it.

 10.5 Surface finish

To not get oxidation on the copper pad between the manufacturing of the board and when the 
component is solved on it the PCB manufacturer puts on a surface finish. There are different types 
of surface finishes that can be put on; each has its own advantage and disadvantage. This list shows 
just some of the ones available on the market.

 10.5.1 Lead-free HASL

It's a solder mask consist of most tin and little copper and it can also be some thing more. The PCB 
is put down in alloy and then brought back up. Then air knives blow away excess soldering mask. 
This make the technique simple and therefore cheap but it doesn’t work very well with small 
components. 

It’s cheap and is the commended thing for simpler design with not very small components It can 
give uneven surfaces and solders bridging.

Advantages: Corrosion resistance, cost, availability, simplicity. 

Disadvantages: solderability, coplanarity, reworkability.

 10.5.2 Immersion Silver

Immersion Silver is a technique when the boarder is put down in a solution with silver and then 
brought back up. The surface gets very flat so it works well with small components. The coating 
thickness is thin(0,5-0,65 μm). In the solder aspect it works good and with high RF signals. The 
drawback is that it can get creepy corrosion if not stored and handle correctly. 

It's a nice finish, but it has a terrible shelf life. So if the board is assembled fast it's a good option.

Coating thickness: 2-25 μinch

Advantage: Coplanarity, Availability, RF design aspects, fine-pitch.

Disadvantage: Creep corrosion if not store correct and handling.
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 10.5.3 ENIG

This uses a thick layer of nickel and on top of that a thin layer of gold. The nickel is put on by an 
autocatalytic reaction that makes a layer 120-240 μinch in the copper. After that gold is applied by 
an immersion reaction. This creates a layer of 2-4 μinch of gold on top of the nickel.

 

It’s relatively expensive but it's very good in most aspects. Works well with small things and flat 
surfaces. 

ENIG uses a layer of nickel (120-240 μinch) closet to copper and then on top of that is a thin layer 
(2-4 μinch) of gold so that the nickel will not oxidize.  

Advantage: Coplanarity, Robustness, Corrosion resistance, excellent flatness for fine-pitch 
technology, solderability, good contact resistance.

Disadvantage: Cost, “Black Pad” has been an issue but is now understood, needs an extra second to 
solder because it has no tin that can make a good heat transfer. 

The decision where to use ENIG on recommendation from the manufacture and that will work well 
in this application. In the future when they order board immersion silver can be an alternative.
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 11 Appendix 2 Impedance and crystal frequency

 11.1 Impedance test border 1

The border is FR-4 with a isolation of 1,43 mm with 35 μm layers of copper on each side. Z0 is the 
impedance in ohm. R is the reflection in percent with 50 Ω components.
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FR-4
2279 MHz

R(%)
1950 600 50 0
1900 600 50,6 0,60
1800 600 52 1,96
1700 600 53,4 3,29
1600 600 54,9 4,67
1450 600 57,3 6,80
2000 600 49,4 0,60
2100 600 48,2 1,83
2200 600 47,1 2,99
2450 600 44,6 5,71
1950 700 51,4 1,38
1950 800 52,6 2,53
1950 900 53,6 3,47
1950 1100 55,2 4,94
1950 500 48,3 1,73
1950 400 46,1 4,06
1950 300 43,3 7,18
1950 200 39,1 12,23
1850 700 52,8 2,72
1750 800 55,5 5,21
1650 900 58,2 7,58
2050 500 47,2 2,88
2150 400 44,1 6,27
2250 300 40,6 10,38

35μm*2, 1,43mm

Coplanar
Width(μm) Gap(μm) Z0(Ω)



 11.2 Impedance test border 2 and final design

The border is R04350B with a isolation of 0,762 mm with 70μm layers of copper on each side. Z0 
is the impedance in ohm. R is the reflection in percent with 50 Ω components

 11.3 Crystal frequency for SX1230

The center frequency will be multiply with five in the multiplier before it's send out from the 
transmitter.
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RO4350B
2280 MHz

R(%)
250 135 50,1 0,10
250 134 43,8 6,61
250 140 58,4 7,75
900 400 60,6 9,58
900 350 58,6 7,92
900 300 56,1 5,75
900 250 52,8 2,72
900 200 47,5 2,56
900 225 50,6 0,60
900 220 50 0,00
900 170 35,4 17,10
900 180 43,2 7,30
800 220 52,7 2,63
800 320 60,3 9,34
800 420 64,8 12,89

70μm*2, 0,762mm

Coplanar
Width(μm) Gap(μm) Z0(Ω)

Bitrate(bit/s) Differens(bit/s) Differens(Hz)
26000000 512000 509804 -2196 0,43 455800000 455800003,05 455800003 -6,70E-007 3,1
26540000 512000 510385 -1615 0,32 455800000 455799979,17 455799979 4,57E-006 -20,8
27000000 512000 509434 -2566 0,50 455800000 455799991,61 455799992 1,84E-006 -8,4
27120000 512000 511698 -302 0,06 455800000 455800025 455800025 -5,49E-006 25,0
28224000 512000 513164 1164 0,23 455800000 455799985,84 455799986 3,11E-006 -14,2
28636300 512000 511363 -638 0,12 455800000 455799994,64 455799995 1,18E-006 -5,4
28636360 512000 511364 -636 0,12 455800000 455800021,12 455800021 -4,63E-006 21,1
29491200 512000 508469 -3531 0,69 455800000 455799993,75 455799994 1,37E-006 -6,3
30000000 512000 508475 -3525 0,69 455800000 455799980,16 455799980 4,35E-006 -19,8
32000000 512000 507937 -4063 0,79 455800000 455799987,79 455799988 2,68E-006 -12,2

Crystal(Hz) Bitrate want(bit/s) % wrong Center freq want(Hz) Center freq(Hz)Center freq(Hz) % wrong



 12 Appendix 3 Test procedures and result

 12.1 Procedures test board 1

 12.2 Result test board 1

Every thing where fix or work around before the next test where done.
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Order

1

2

3

4
5
5b
6a

6b

7

8
9

10

11

12

Name To do

Multimeter measure after etching
Use a multimeter and measure to see so that is no short circuit and that is connection 
where it should be connection

Multimeter measure after via
Use a multimeter and measure to see so that is no short circuit and that is connection 
where it should be connection

Multimeter measure after soldering in oven
Use a multimeter and measure to see so that is no short circuit and that is connection 
where it should be connection

Multimeter measure after rest i soldering
Use a multimeter and measure to see so that is no short circuit and that is connection 
where it should be connection, DC/DC resistor should NOT be connected/solded

Start DC/DC, multimeter measure voltage on DC/DCUse a multimeter and measure the voltage out from DC/DC
Measure current to uC and SX1230
Start uC and program it, check output uC

Connection uC and SX1230
Connect +3V3. Program uC to connect to SX1230, SX1230 should NOT turn on it's 
transmitter stage. Check that SX1230 send back correct value

Start amplifiers
Connect +5V and +10V to start the amplifier Connect one RF_OUT to 50ohm and the 
other to a frequency instrument to measure the power and gain out. 

'0' frequency to output

Connect DATA to '0' and program uC to tell SX1230 to start it's transmitter stage on 
lowest effect(-18dBm). Check the output frequency. If not any can be seen, set higher 
the output with one stage at the time to something can been seen. Not higher then

'1' frequency to output Connect DATA to '1'. Check the output frequency.

Send in low speed
Use a uC to send stream of '0' and '1', it should change on every clock pulse from 
SX1230. The SX1230 should send in a speed of 488bit/s

Send in high speed
Use a uC to send stream of '0' and '1', it should change on every clock pulse from 
SX1230. The SX1230 should send in a speed of 512kbit/s

Connect to an antenna
Connect the transmitter to antenna and see if any thing can be receive at the ground 
station

Order
1
2
3
4
5

5b

6a

6b
7
8
9
10
11
12

Result
One non critical path(VDD to DC/DC +3V3) where it should be connection is no connection, easy to fix
Like before
Like before
Non critical path fix, rest ok
+5V broken, the rest ok. +5V DC/DC unconnect

Ok value

The NCC signal to SX1230 need to be unconnect and hold high for else it also will get 
the information when the uC is program. The output from uC is wrong, one is becouse 
bad soldering the other is becouse the inbuilde SPI don't work as it should, reprogram.
It show correct
Don't show any signal. Retested. Don't get it to work. Test stops.
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Order

1 ok

2 ok

3 ok

4 ok +5V=5, +10V=4,7

5 +3,3V LED=12,3mA

6

7 ok

8 Ok

9

10

11

12

14

15

16

17

18

19

20

21

21b

21c

Name To do Result Comment

Multimeter measure after re-
ceive border

Use a multimeter and measure to see so 
that is no short circuit and that is 
connection where it should be connection

Multimeter measure after 
soldering in oven

Use a multimeter and measure to see so 
that is no short circuit and that is 
connection where it should be connection

Multimeter measure after rest 
i soldering

Use a multimeter and measure to see so 
that is no short circuit and that is 
connection where it should be 
connection, DC/DC resistor should NOT 
be connected/solded

Start DC/DC, multimeter 
measure voltage on DC/DC

Use a multimeter and measure the 
voltage out from DC/DC

Measure current to DC/DC Use a multimeter and measure the 
current to DC/DC

In current(+5V and 
+10V)=15,36mA

Measure current to uC and 
SX1230

+3,3 "no data"=13,6, 
"standby"=14,10

Start uC and program it, 
check output uC

Connection uC and SX1230

Connect +3V3. Program uC to connect to 
SX1230, SX1230 should NOT turn on it's 
transmitter stage. Check that SX1230 
send back correct value

Start amplifiers

Connect +5V and +10V to start the 
amplifier. Connect the two antennas 
output to two 50 ohm loads. Set SX1230 
to send on -18dBm. Measure the current

Vin: Standby(+10 and +5 
V)=429-440mA, 
transmitt(+10 and +5 
V)=239mA. 
+3,3V=23-24mA

Connect to the spectrum 
analysator

Connect one of the antenna output to the 
spectrum analysator and let the other 
have the 50ohm load connect to it

'0' frequency to output

Connect DATA to '0' and program uC to 
tell SX1230 to start it's transmitter stage 
on lowest effect(-18dBm). Check the 
output frequency. If not any can be seen, 
set higher the output with one stage at 
the time to something can been seen. 
Not higher then +4dBm

Signal can been seen at 
-18dBm

Higher output power

If no Set higher output power, set to 
-16dBm. Next to -14dBm. Next to 
-12dBm. Next set it to -10dBm. Next to 
-8dBm. Next to -4dBm. Next to -3dBm. 
Next to -2dBm. Next to -1dBm. Next to 
+0dBm. Next to +1dBm. Next to +2dBm. 
Next to +3dBm. Next to +4dBm. Until the 
output reach between +25,7 and 
+27dBm.

2279,66 MHz got up to 19,7 
dBm when SX1230 where 
set to +4dBm. See 
separate page for data.

30dB attenuator where put on 
when SX1230 where set to 
-12dBm for not risk the 
spectrum analysator

'1' frequency to output
Connect DATA to '1'. Check the output 
frequency.

Connect uC to SX1230 Use a isolation IC or a voltage divider 

Send in very low speed and 
low change speed

Use a uC to send stream of '0' and '1', it 
should change on every 488 clock pulse 
from SX1230. The SX1230 should send 
in a speed of 488b/s.

Send in very low speed and 
low change speed 2

Use a uC to send stream of '0' and '1', it 
should change on every 488 clock pulse 
from SX1230. The SX1230 should send 
in a speed of 488b/s. The uC should send 
some information(not only a stream of '0' 
and '1' after each other, they should be 
put 1 or 2 or more of one type after each 
other)

Send in very low speed

Use a uC to send stream of '0' and '1', it 
should change on every clock pulse from 
SX1230. The SX1230 should send in a 
speed of 488b/s.

Can not see on the 
spectrum analysator. To 
fast.

Send in low speed

Use a uC to send stream of '0' and '1', it 
should change on every clock pulse from 
SX1230. The SX1230 should send in a 
speed of 4.8kb/s

Skip, see 13

Send in high speed

Use a uC to send stream of '0' and '1', it 
should change on every clock pulse from 
SX1230. The SX1230 should send in a 
speed of 512kb/s

Skip, see 13

Connect to an antenna
Connect the transmitter to antenna and 
see if any thing can be receive at the 
ground station

Change to 16b because the 
transmitter send out on 
other frequency also

Connect to the receiver

Connect the transmitter one of  the 
antenna output directly with an attenuator 
of 30dB between. Let the other antenna 
output have a 50 ohm load connect to it

Send data to the receiver
Send a test string to the receiver and see 
if it can receive it.

Work after a bit problem. 
Didn't receive in 512kbit/s 
because the transmitter uC 
send to slow.

The demodulator could see 
the signal but it send out slow 
to the bit sync. After got help 
to change the amplification it 
work. No problem to send 
data in 4.8kbit/s. 256kbit/s 
and 512kbit/s send it in only 
156kbit/s. The clock signal 
from SX1230 is correct.



 12.4 Test result from spectrum analyzer for test board 2

49

-12 488bit/s Data=0

30 dB
-18

F2 911,929 -25 3,16E-006 6,32E-006 -22,0
F3 1367,84 -17 2,00E-005 3,99E-005 -14,0
F4 1823,75 -40 1,00E-007 2,00E-007 -37,0
F5 2279,7 -43 5,01E-008 1,00E-007 -40,0
F6 2735,6 -55 3,16E-009 6,32E-009 -52,0
F7 3192,5 -65 3,16E-010 6,32E-010 -62,0

-16

F2 911,929 -19 1,26E-005 2,52E-005 -16,0
F3 1367,84 -10 1,00E-004 2,00E-004 -7,0
F4 1823,75 -33 5,01E-007 1,00E-006 -30,0
F5 2279,7 -27 2,00E-006 3,99E-006 -24,0
F6 2735,6 -41 7,94E-008 1,59E-007 -38,0
F7 3192,5 -55 3,16E-009 6,32E-009 -52,0

-14

F2 911,929 -25 3,16E-006 6,32E-006 -22,0
F3 1367,84 5 3,16E-003 6,32E-003 8,0
F4 1823,75 -12 6,31E-005 1,26E-004 -9,0
F5 2279,7 -2,2 6,03E-004 1,21E-003 0,8
F6 2735,6 -17 2,00E-005 3,99E-005 -14,0
F7 3192,5 -25 3,16E-006 6,32E-006 -22,0

-12

F2 911,929 -43 5,01E-005 1,00E-004 -10,0
F3 1367,84 -11,9 6,46E-002 1,29E-001 21,1
F4 1823,75 -32 6,31E-004 1,26E-003 1,0
F5 2279,7 -22 6,31E-003 1,26E-002 11,0
F6 2735,6 -35 3,16E-004 6,32E-004 -2,0
F7 3192,5 -45 3,16E-005 6,32E-005 -12,0

-10

F2 911,96 -47 2,00E-005 3,99E-005 -14,0
F3 1367,81 -7 2,00E-001 3,99E-001 26,0
F4 1823,81 -34,8 3,31E-004 6,62E-004 -1,8
F5 2279,69 -20 1,00E-002 2,00E-002 13,0
F6 2735,31 -32 6,31E-004 1,26E-003 1,0
F7 3192,12 -40 1,00E-004 2,00E-004 -7,0

-8

F2 911,88 -35 3,16E-004 6,32E-004 -2,0
F3 1367,82 -6,4 2,29E-001 4,58E-001 26,6
F4 1823,73 -33 5,01E-004 1,00E-003 0,0
F5 2279,68 -17 2,00E-002 3,99E-002 16,0
F6 2735,32 -28 1,58E-003 3,17E-003 5,0
F7 3192 -45 3,16E-005 6,32E-005 -12,0

0,490A +3,3 V

-6

F2 911,86 -30 1,00E-003 2,00E-003 3,0
F3 1367,82 -6,6 2,19E-001 4,38E-001 26,4
F4 1823,7 -31,2 7,59E-004 1,52E-003 1,8
F5 2279,67 -14,4 3,63E-002 7,26E-002 18,6
F6 2735,61 -25,8 2,63E-003 5,26E-003 7,2
F7 3192,48 -45 3,16E-005 6,32E-005 -12,0

0,513A +3,3 V

Settings for 
SX1230 if nothing 
else is written dBm

Attenuator
6dB+6dB+6dB+6dB
+6dB=

SX1230 power out dBm

Freq(MHz)
Power(dBm) with 
out Attenuator

Power(W) with out 
Attenuator

Total power out 
both antenna (W)

Total power out 
both antenna 
(dBm)

SX1230 power out dBm

Freq(MHz)
Power(dBm) with 
out Attenuator

Power(W) with out 
Attenuator

Total power out 
both antenna (W)

Total power out 
both antenna 
(dBm)

SX1230 power out dBm

Freq(MHz)
Power(dBm) with 
out Attenuator

Power(W) with out 
Attenuator

Total power out 
both antenna (W)

Total power out 
both antenna 
(dBm)

SX1230 power out dBm

Freq(MHz)
Power(dBm) with 
Attenuator

Power(W) with out 
Attenuator

Total power out 
both antenna (W)

Total power out 
both antenna 
(dBm)

SX1230 power out dBm

Freq(MHz)
Power(dBm) with 
Attenuator

Power(W) with out 
Attenuator

Total power out 
both antenna (W)

Total power out 
both antenna 
(dBm)

SX1230 power out dBm

Freq(MHz)
Power(dBm) with 
Attenuator

Power(W) with out 
Attenuator

Total power out 
both antenna (W)

Total power out 
both antenna 
(dBm)

10 V(with 5V)

SX1230 power out dBm

Freq(MHz)
Power(dBm) with 
Attenuator

Power(W) with out 
Attenuator

Total power out 
both antenna (W)

Total power out 
both antenna 
(dBm)

10 V (with 5V)



50

-4

F2 911,9 -28 2 1,58E-003 3,17E-003 5,0
F3 1367,81 -7 23 2,00E-001 3,99E-001 26,0
F4 1823,75 -30 0 1,00E-003 2,00E-003 3,0
F5 2279,66 -12,6 17,4 5,50E-002 1,10E-001 20,4
F6 2735,59 -24,6 5,4 3,47E-003 6,93E-003 8,4
F7 3192,54 -46 -16 2,51E-005 5,02E-005 -13,0

0,504A +3,3 V 0,027A

-2

F2 911,8 -30 0 1,00E-003 2,00E-003 3,0
F3 1367,81 -7 23 2,00E-001 3,99E-001 26,0
F4 1823,72 -30 0 1,00E-003 2,00E-003 3,0
F5 2279,67 -12,8 17,2 5,25E-002 1,05E-001 20,2
F6 2735 -24,8 5,2 3,31E-003 6,62E-003 8,2

F7 -- --
0,504A +3,3 V 0,029A

-2

F2 911,9 -28,8 1,2 1,32E-003 2,64E-003 4,2
F3 1367,81 -8 22 1,58E-001 3,17E-001 25,0
F4 1823,75 -28,8 1,2 1,32E-003 2,64E-003 4,2
F5 2279,66 -12,4 17,6 5,75E-002 1,15E-001 20,6
F6 2735,59 -25 5 3,16E-003 6,32E-003 8,0
F7 3192,54 -47 -17 2,00E-005 3,99E-005 -14,0

0

F2 911,9 -27 3 2,00E-003 3,99E-003 6,0
F3 1367,81 -10 20 1,00E-001 2,00E-001 23,0
F4 1823,75 -26,8 3,2 2,09E-003 4,18E-003 6,2
F5 2279,66 -12 18 6,31E-002 1,26E-001 21,0
F6 2735,59 -25 5 3,16E-003 6,32E-003 8,0
F7 3192,54 -45 -15 3,16E-005 6,32E-005 -12,0

2

F2 911,9 -27 3 2,00E-003 3,99E-003 6,0
F3 1367,81 -8,9 21,1 1,29E-001 2,58E-001 24,1
F4 1823,75 -27 3 2,00E-003 3,99E-003 6,0
F5 2279,66 -10,8 19,2 8,32E-002 1,66E-001 22,2
F6 2735,59 -24,2 5,8 3,80E-003 7,60E-003 8,8
F7 3192,54 -46 -16 2,51E-005 5,02E-005 -13,0

3

F2 911,9 -27 3 2,00E-003 3,99E-003 6,0
F3 1367,81 -9,2 20,8 1,20E-001 2,40E-001 23,8
F4 1823,75 -25,4 4,6 2,88E-003 5,77E-003 7,6
F5 2279,66 -10,6 19,4 8,71E-002 1,74E-001 22,4
F6 2735,59 -24,2 5,8 3,80E-003 7,60E-003 8,8
F7 3192,54 -42,2 -12,2 6,03E-005 1,21E-004 -9,2

SX1230 power out 4

F2 911,9 -26,2 3,8 2,40E-003 4,80E-003 6,8
F3 1367,81 -9,2 20,8 1,20E-001 2,40E-001 23,8
F4 1823,75 -24,2 5,8 3,80E-003 7,60E-003 8,8
F5 2279,66 -10,3 19,7 9,33E-002 1,87E-001 22,7
F6 2735,59 -24,6 5,4 3,47E-003 6,93E-003 8,4
F7 3192,54 -34,8 -4,8 3,31E-004 6,62E-004 -1,8

SX1230 power out dBm

Freq(MHz)
Power(dBm) with 
Attenuator

Power(dBm) with 
out Attenuator

Power(W) with out 
Attenuator

Total power out both 
antenna (W)

Total power out both 
antenna (dBm)

10 V (with 5V)

SX1230 power out dBm

Freq(MHz)
Power(dBm) with 
Attenuator

Power(dBm) with 
out Attenuator

Power(W) with out 
Attenuator

Total power out both 
antenna (W)

Total power out both 
antenna (dBm)

no value because 
lack of time

10 V(with 5V)

SX1230 power out dBm

Freq(MHz)
Power(dBm) with 
Attenuator

Power(dBm) with 
out Attenuator

Power(W) with out 
Attenuator

Total power out both 
antenna (W)

Total power out both 
antenna (dBm)

SX1230 power out dBm

Freq(MHz)
Power(dBm) with 
Attenuator

Power(dBm) with 
out Attenuator

Power(W) with out 
Attenuator

Total power out both 
antenna (W)

Total power out both 
antenna (dBm)

SX1230 power out dBm

Freq(MHz)
Power(dBm) with 
Attenuator

Power(dBm) with 
out Attenuator

Power(W) with out 
Attenuator

Total power out both 
antenna (W)

Total power out both 
antenna (dBm)

SX1230 power out dBm

Freq(MHz)
Power(dBm) with 
Attenuator

Power(dBm) with 
out Attenuator

Power(W) with out 
Attenuator

Total power out both 
antenna (W)

Total power out both 
antenna (dBm)

dBm

Freq(MHz)
Power(dBm) with 
Attenuator

Power(dBm) with 
out Attenuator

Power(W) with out 
Attenuator

Total power out both 
antenna (W)

Total power out both 
antenna (dBm)



 13 Appendix 4 Contact with Post- og teletilsynet

 13.1 Email to Post- og teletilsynet

Hej, 

Håller på och designar och bygger en sändare för NAROM på Andøya Rakettskytefelt. Sändaren är 
meningen att användas på en raket som de ska skickar upp. Själva sändaren sänder på en bestämd 
frekvens med FM modulering och arbete igår i mina universitets studier. 
Har två väldigt exakt störning på 1367 & 2735 MHz på min sändare design just nu. För att lösa det 
ska jag sätta på filter för att ta bort dem. Undrar därför till vilken effekt nivå jag ska ha för att kunna
räkna med att den är bort och inte stör någon? Har sett värden på -50dBm(enligt ITU-R SM.329-10,
table 3) men också -90dBm/MHz(-20dBm/MHz för 2735MHz) för UWB. Är det något av dessa jag
ska gå efter eller ska jag använda något annat värde? 

Värdena för UWB kommer från http://www.lovdata.no/for/sf/sd/xd-20120119-0077.html . 

ITU-R SM.329-10: http://www.itu.int/dms_pubrec/itu-r/rec/sm/R-REC-SM.329-10-200302-S!!
PDF-E.pdf 

Tack för ert svar. 

Med vänliga hälsningar 
Viktor af Sandeberg 

 13.2 Answered from Post- og teletilsynet

Hei,

 

Frekvenser i det elektromagnetiske frekvensspekteret kan ikke tas i bruk uten at det foreligger 
tillatelse fra myndighetene (Post- og teletilsynet eller Samferdselsdepartementet), jf. ekomloven § 
6-2.

 

Dersom nødvendig kan Post- og teletilsynet tildele ledige frekvenser i form av testtillatelse for å 
prøve ut ny teknologi eller teste ekomutstyr.

 

Søknad om tillatelse til testformål sendes til PT med beskrivelse av systemet, geografisk område, 
ønsket båndbredde og effekt.

 

Testtillatelse forutsetter at:

 frekvensene skal ikke brukes til kommersiell virksomhet
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 frekvensene kan ikke benyttes som en del av et elektronisk kommunikasjonsnett, eller for å 
tilby offentlige elektroniske kommunikasjonstjenester

 innehaver av tillatelsen sørger at frekvensbruken ikke reduserer kvaliteten av, forstyrrer eller
avbryter radiotjenester som driver i samsvar med lov, forskrifter og tillatelser gitt av 
myndighetene

 innehaver av testtillatelsen har ikke krav på beskyttelse mot forstyrrelse fra andre som 
bruker frekvenser i samsvar med lov, forskrifter og tillatelser gitt av myndighetene

 testtillatelsen vil gjelde for et begrenset tidsrom

 testtillatelsen vil gjelde for et begrenset geografisk område

 innehaveren kan ikke leie ut eller overdra tillatelsen

 de tekniske vilkår følger internasjonale eller nasjonale standarder som gjelder i den berørte 
frekvensblokken og følger prinsippet om at man må oppfylle de strengeste kravene 
beskrevet i disse standardene

 testingen må stanses umiddelbart dersom det oppstår forstyrrelser mot andre lovlige brukere,
og dette må rapporteres til Post- og teletilsynet. Testene kan ikke videreføres uten avklaring 
med Post- og teletilsynet om hvilke tiltak innehaveren skal gjennomføre for å unngå 
forstyrrelsen. Dersom det ikke er mulig å unngå forstyrrelser, skal det ikke gjennomføres 
videre testing og tillatelsen er ugyldig

 

En testtillatelse vil ikke medføre gebyr. Etter testperioden er avsluttet kan Post- og teletilsynet kreve
en rapport som oppsummerer erfaringene med testen og som eventuelt peker på problemer som PT 
må handtere med innføring av ny teknologi. Post- og teletilsynet kan også ønske å være til stede ved
tester for å gjøre egne målinger.

 

Dersom søknader inneholder sensitive opplysninger, for eksempel forretningshemmeligheter, vil 
hele eller deler av dokumentet kunne unntas offentlighet, jf. offentlighetsloven og 
forvaltningslovens regler. Også identiteten til foretak som søker vil kunne unntas offentlighet. I den 
grad hele eller deler av dokumentet ønskes unntatt fra offentlighet, ber PT om at søker gjør 
oppmerksom på dette. Testtillatelser som er unntatt fra offentlighet ikke skal publiseres i liste over 
tildelte frekvenser.

 

Jeg håper at dette er til hjelp.

 

Med vennlig hilsen

Krzysztof Mazurkiewicz
Senioringeniør
Avdeling for frekvensforvaltning
Post- og teletilsynet
Sentralbord: 22 82 46 00
Dir. tlf.: +47 22 82 46 85

www.npt.no
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 14 Appendix 5 Component list for the final design
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Part Local name value use dealer Dealers number Manufactors number
5V, multi C39 22nF 1 farnell 718660 CC0805KRX7R9BB223 
conn, multi X1, X2 2 Farnell 1248989 5-1814400-1 
ALM, multi C22, C23, C24 0,1uF 3 Farnell 1327670 0402ZD104KAT2A 
SX1230, multi U$15 32MHz 1 farnell 1368782 CX5032SB32000F0FLJZZ
ALM, multi U$5 1 Farnell 1645974 ALM-32220-BLKG
LED, multi R6 120ohm 1 Farnell 1652914 CRCW0805120RFKEA 
LED, multi R5 270ohm 1 Farnell 1652970 CRCW0805270RFKEA 
5V, multi R4 10kohm 1 farnell 1653050 CRCW120610K0FKTA 
QCN, multi R1 49,9ohm 1 farnell 1653200 CRCW251249R9FKEG 
LED, multi LED2,LED3 2 Farnell 1686066 KPHCM-2012EC-T 
uC, multi U1 1 Farnell 1699397 ATTINY44A-SSU 
3V, multi C33 33uF 1 Farnell 1754205 293D336X9020C2TE3 
SX1230, multi L1 5,6nH 1 farnell 1762610 LQW15AN5N6C10D
SX1230, multi L3, L4 18nH 2 farnell 1762622 LQW15AN18NG00D 
SX1230, multi L2 47nH 1 farnell 1762628 LQW15AN47NG00D 
3V, multi C34 1uF 1 Farnell 1828802 GRM188R61E105KA12D 
ALM, multi C25, C26 2,2uF 2 Farnell 1828806 GRM21BR61E225KA12L
MGA, multi C15 2,2uF 1 Farnell 1828806 GRM21BR61E225KA12L
SX1230, multi C9 1,8pF 1 farnell 1828870 GRM1555C1H1R8CA01D 
SX1230, multi C7 5,6pF 1 farnell 1828872 GRM1555C1H5R6CA01D 
MGA, multi A1 1 Farnell 1865178 MGA-30889
1GVA-63, multi C16,C17 2400pF 2 farnell 1865490 C0603C242J5GACTU 
2GVA-63, multi C19,C20 2400pF 2 farnell 1865490 C0603C242J5GACTU 
3V, multi C41 22uF 1 farnell 1907364 C3225X7R1C226M 
5V, multi C37, C38 22uF 2 farnell 1907364 C3225X7R1C226M 
Part Local name value use dealer Dealers number Manufactors number

0ohm, multi 0ohm 10 Farnell 2008388 CR0805-J/-000ELF 
Sx1230, multi R18 0ohm 1 Farnell 2008388 CR0805-J/-000ELF 
uC, multi R16 0ohm 1 Farnell 2008388 CR0805-J/-000ELF 
5V, multi U$13 4.7uH 1 farnell 2075642 FP3-4R7-R 
5V, multi U$12 1 Farnell 2080514 MCP16322T-500
3V, multi U$10 1 Farnell 2100322 MIC5209-3.3YS 
5V, multi C35, C36 10uF 2 farnell 2113073 TMK316B7106KL-TD 
conv, multi U$16 1 Farnell 2127142 ADUM1281CRZ 
ALM, multi C27, C28, C29 10nF 3 Farnell 3019275 CC0402KRX7R7BB103
SX1230, multi C42 10nF 1 farnell 3019275 CC0402KRX7R7BB103
conn, multi U$2 5 1 Farnell 3089060 282836-5 
conn, multi SV1 3 x 2 1 Farnell 3418558 1-826632-0 
PGA,multi C45 1nF 1 Farnell 8819556 GRM1555C1H102JA01D 
SX1230, multi C8 10pF 1 farnell 8819564 GRM1555C1H100JZ01D 
MGA, multi C13 100pF 1 Farnell 8819572 GRM1555C1H101JD01D
SX1230, multi C6 100pF 1 farnell 8819572 GRM1555C1H101JD01D
SX1230, multi C4, C5 15pF 2 farnell 8819599 GRM1555C1H150JZ01
SX1230, multi C10 6,8pF 1 farnell 8819696 GRM1555C1H6R8DZ01D 
1GVA-63, multi C18 0,1uF 1 Farnell 8819742 GRM155R71C104KA88D
2GVA-63, multi C21 0,1uF 1 Farnell 8819742 GRM155R71C104KA88D
conv, multi C43,C44 0,1uF 2 Farnell 8819742 GRM155R71C104KA88D
MGA, multi C11, C12, C14 0,1uF 3 Farnell 8819742 GRM155R71C104KA88D
PGA,multi C46 0,1uF 1 Farnell 8819742 GRM155R71C104KA88D
SX1230, multi C1, C2, C3 100nF 3 farnell 8819742 GRM155R71C104KA88
uC, multi C40 0,1uF 1 Farnell 8819742 GRM155R71C104KA88D
MGA, multi L5 820nH 1 Farnell 9621482 NLV32T-R82J-PF 

R7,R15,R11,R12,
R3,R2,R9,R10,R1
3,R14
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Part Local name value use dealer Dealers number Manufactors number
1GVA-63, multi U$3 1 Mini-circuits ADCH-80A+ ADCH-80A+
2GVA-63, multi U$17 1 Mini-circuits ADCH-80A+ ADCH-80A+
FILTERBP, multiF1,F2,F3,F4,F5,F6 6 Mini-circuits BFCN-2275+ BFCN-2275+
1GVA-63, multi A2 1 Mini-circuits GVA-63+ GVA-63+
2GVA-63, multi A3 1 Mini-circuits GVA-63+ GVA-63+
FILTERLP, multiF7,F8,F10,F11 4 Mini-circuits LFCN-2250+ LFCN-2250+
PGA,multi A4 1 Mini-circuits PGA-103+ PGA-103+
QCN, multi U$8 1 Mini-circuits QCN-27+ QCN-27+
multip, multi U$4 1 Mini-circuits RMK-5-2751+ RMK-5-2751+
PGA,multi U$18 1 Mini-circuits TCBT-14+ TCBT-14+
SX1230, multi U$1 1 Future elecronics SX1230I066TRT 



 15 Appendix 6 Calculation of filter

 15.1 From measurment
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 15.2 Theoretical calculation
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 16 Appendix 7 Code to the μC

/*
 * multi_uC.c
 *
 * Created: 2013-01-16 09:27:47
 *  Author: Viktor af Sandeberg
 *
 * Discibtion: Program for uC to be able to set the SX1230 so that the transmitter send correct 
when it's turn on
 *
 * Important: It is very important that SX1230 is not set to transmitter mode before the out 
power(Power control) is change to a lower value!
 * This is because the default value is 13dBm and the design is done for 
a value of not high then 4 dBm, this will mean that some component will 
 * be burn if SX1230 start sending with 13dBm. See the report or 
instruction before using it first time.
 */ 

#define F_CPU 1000000UL //Speed CPU
#include <avr/io.h>
#include <stdio.h>
#include <util/delay.h>
#include <avr/sleep.h>

#define clk_ms 1 //The time for a half clockpuls when the uC send information 
to SX1230
#define wait_ms 50 //The time between sending different commandos to SX1230 
from uC
#define long_wait_ms 200

void clk_function(void); //Function that control the clock signal and send a 
clockpuls
void mosi_function(unsigned char); //Function to send 1 byte data to SX1230

int main(void)
{

unsigned int i=0;

DDRA=(1<<DDA7)|(1<<DDA4)|(1<<DDA5)|(1<<DDA0);
PORTA|=(1<<PORTA7);

set_sleep_mode(SLEEP_MODE_PWR_DOWN);

_delay_ms(long_wait_ms);
//Bit ratio
PORTA^=(1<<PORTA7); //Active the connection
_delay_us(clk_ms);

mosi_function(0x81); //address bit rate and writing
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mosi_function(0xFF);//Calculate by formula br_ration=Fxosc/Rb , where 
Fxosc is 32*10^6 and Rb is the wanted bit rate

mosi_function(0xFF);//Bit 0x003E=516129bit/s, Bit 0xFFFF=488bit/s  
_delay_us(clk_ms);
PORTA|=(1<<PORTA7); //Inactive the connection

_delay_ms(wait_ms);

//Deviation frequency 
PORTA^=(1<<PORTA7); //Active the connection
_delay_us(clk_ms);

mosi_function(0x83); //address deviation freq and writing
mosi_function(0x01); //It use 14 bit, calculate by formula 

de_coeff(13:0)=f_div*2^19/Fxosc, f_div is the wanted diviation frequency at the antennas divided 
by 5

mosi_function(0x24); //f_dev 17800Hz
_delay_us(clk_ms);
PORTA|=(1<<PORTA7); //Inactive the connection

_delay_ms(wait_ms);

//RF carrier frequency
PORTA^=(1<<PORTA7); //Active the connection
_delay_us(clk_ms);

mosi_function(0x85); //address RF carrier frequency and writing
mosi_function(0x71); //It use 24 bit, calculate by formula 

freq_rf(23:0)=Frf*2^19/Fxosc, Frf is the wanted RF carrier frequency at the antenna divide by 5

mosi_function(0xFC);
mosi_function(0x29);//Frf 455940000

_delay_us(clk_ms);
PORTA|=(1<<PORTA7); //Inactive the connection

_delay_ms(wait_ms);

//Power control
PORTA^=(1<<PORTA7); //Active the connection
_delay_us(clk_ms);

mosi_function(0x88); //Adress Power control and writing
mosi_function(0x36); //bit 5=PA1 should be 1, bit 7 and 6 should be 0, bit 4-0

for Pout=-18dBm+pow_val, Pout is at the SX1230 after that it is amplified by 31 to 44dB

_delay_us(clk_ms);
PORTA|=(1<<PORTA7); //Inactive the connection
_delay_ms(long_wait_ms);

//Mode
PORTA^=(1<<PORTA7); //Active the connection
_delay_us(clk_ms);

mosi_function(0x80); //Adress MODE and writing
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mosi_function(0x30); //bit 6:4 set the operation mode, 001=stand-by mode  
011=transmit mode, bit 3:2 set modul typ, 00=FSK, 1:0 set data shaping with guassian filter, 00=no 
shaping 01=(BT=1.0) 10=(BT=0,5) 11=(BT=0,3)

_delay_us(clk_ms);
PORTA|=(1<<PORTA7); //Inactive the connection
_delay_ms(wait_ms);

/*
PORTA^=(1<<PORTA7); //Active the connection
 _delay_us(10);

mosi_function(0x01); //address Bit ratio
mosi_function(0x1A); //Bit 4,8kbit/s
mosi_function(0x0B);

 _delay_us(10);
PORTA|=(1<<PORTA7); //Inactive the connection
 _delay_ms(5);
 PORTA^=(1<<PORTA7); //Active the connection
 _delay_us(10);

mosi_function(0x03); //address Freq deviation
mosi_function(0x84); //FdevMsb
mosi_function(0x23); //Fdev 17800Hz

 _delay_us(10);
 PORTA|=(1<<PORTA7); //Inactive the connection
 _delay_ms(10);
 //Frf
 PORTA^=(1<<PORTA7); //Active the connection
 _delay_us(10);

mosi_function(0x05); //address RF carrier freq
mosi_function(0x71);
mosi_function(0xF9);
mosi_function(0x9A);//Frf 455900000

 _delay_us(10);
 PORTA|=(1<<PORTA7); //Inactive the connection
 _delay_ms(20);
 
 
 //PA
 PORTA^=(1<<PORTA7); //Active the connection
 _delay_us(10);

mosi_function(0x08); //Adress PA
mosi_function(0x20); //bit 5=PA1, bit 4-0 for Pout=-18dBm+pow_val

 _delay_us(10);
 PORTA|=(1<<PORTA7); //Inactive the connection
 _delay_ms(long_wait_ms);

 while(i<10){
  //MODE
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 PORTA^=(1<<PORTA7); //Active the connection
 _delay_us(10);

mosi_function(0x00); //Adress MODE
mosi_function(0x00); //

 _delay_us(10);
 PORTA|=(1<<PORTA7); //Inactive the connection
 _delay_ms(200);
  //PLLstat
 PORTA^=(1<<PORTA7); //Active the connection
 _delay_us(00);

mosi_function(0x0A); 
mosi_function(0x00); 

 _delay_us(10);
 PORTA|=(1<<PORTA7); //Inactive the connection
 _delay_ms(200);
 _delay_ms(200);
 

//PaCtrl
 PORTA^=(1<<PORTA7); //Active the connection
 _delay_us(00);
 mosi_function(0x08);
 mosi_function(0x00);
 _delay_us(10);
 PORTA|=(1<<PORTA7); //Inactive the connection
 _delay_ms(long_wait_ms);

 _delay_ms(long_wait_ms);
 _delay_ms(long_wait_ms);
 i++;
 }
 */
 sleep_enable();
 sleep_cpu();
 

}

void clk_function(void){
_delay_ms(clk_ms);
PORTA|=(1<<PORTA4); //Set port 4 high
TCNT0=0;
_delay_ms(clk_ms);
PORTA^=(1<<PORTA4); //Set port 4 low

}

void mosi_function(unsigned char data){
int n=0;
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while(n<8){ //Loop 8 times so that all bit in the byte 
is send out

if(0xFF==(data | 0x7F)){ //Control if the bit is high or low
PORTA|=(1<<PORTA5); //If bit high then port set to high
clk_function(); //Send a clockpuls
PORTA^=(1<<PORTA5); //Set back the port to low

}
else{

clk_function(); //If bit low then send just send a 
clockpuls for the port should be low if't not sending an one

}
data<<=1; //change bit to the next bit in the byte
n++;

}

}
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 17 Appendix 8 – Component list for the pll/vco with enable
design
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MGA-30889
Local name value antal dealer Dealers number Manufactors number
U$5 1 Farnell 1865178 MGA-30889
U$6 5,6 nH 1 Farnell 6581730 HK16085N6S-T 
C13 100pF 1 Farnell 8819572 GRM1555C1H101JD01D 
C14 0,1uF 1 Farnell 8819742 GRM155R71C104KA88D 
C15 2,2uF 1 Farnell 1828806 GRM21BR61E225KA12L
C16, C17 22pF 2 Farnell 8819629 GRM1555C1H220JZ01D 

ALM-32220
Local name value antal Dealer Dealers number Manufactors number
A1 1 Farnell 1645974 ALM-32220-BLKG
C27, C28 2,2uF 2 farnell 1828806 GRM21BR61E225KA12L
C25, C26, C29 0,1uF 3 Farnell 1327670 0402ZD104KAT2A 
C22, C23, C24 10nF 3 Farnell 3019275 CC0402KRX7R7BB103

ADF4350
Local name value antal Dealer Dealers number Manufactors number
U1 1 Farnell 2084457 ADF4350BCPZ
U$1, U$2 3,3nH 2 Farnell 3876986 B82496C3339A 
U$3 10nH 1 Farnell 1711860 MCFT000140 
C1, C2 0,7pF 2 Farnell 9545794 UVK105CH0R7BW-F 
C3 10pF 1 farnell 8819564 GRM1555C1H100JZ01D 
C4 10pF 1 farnell 8819564 GRM1555C1H100JZ01D 
C5 0,1uF 1 Farnell 8819742 GRM155R71C104KA88D
C6 10pF 1 farnell 8819564 GRM1555C1H100JZ01D 
C7 0,1uF 1 Farnell 8819742 GRM155R71C104KA88D
C8 10pF 1 farnell 8819564 GRM1555C1H100JZ01D 
C9 0,1uF 1 Farnell 8819742 GRM155R71C104KA88D
C10, C11 1nF 2 Farnell 2070394
R2 50ohm 1 Farnell 1887416 MCPWR06FTEO0510 
R3 5,1kohm 1 Farnell 1506015 PCF0603P-R-5K1-BT1 

Oscillator
Local name value antal Dealer Dealers number Manufactors number
U$4 1 Farnell 1960710 ASEMPC-26.000MHZ
C11, C12 100nF 3 farnell 8819742 GRM155R71C104KA88D

Filter
Local name value antal Dealer Dealers number Manufactors number
C18 16,2nF 1 Farnell 1740616 06035C153JAT2A 
C19 220nF 1 Farnell 1535575 C0805C223J5GACTU 
C20 7,5nF 1 Farnell 1865463 C0603C752J3GACTU 
U6 101ohm 1 Farnell 3086720 MMB02070C1000FB200 
R4 207ohm 1 Farnell 2116605 RP73PF1J205RBTDF 

C0603C102J5GAC  
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Voltage reg 3V
Local name Value Dealer Dealers number
U$10 1 1469168 LM2574M-3.3
U$11 470uH 1 1864297 MCBFS7330-471MU 
C33 100uF 1 1843182 C5750Y5V1C107Z 
D1 1 1510675 PMEG2010EH 
C34 22uF 1 1658351 TAJY226K025RNJ

Voltage reg 5V
Local name Value Dealer Dealers number
U$12 5v 1 2080514 MCP16322T-500
C35, C36 10uF 2 2113073 TMK316B7106KL-TD 
C37, C38 22uF 2 1907364 C3225X7R1C226M 
C39 22nF 1 718660 CC0805KRX7R9BB223 
U$13 4.7uH 1 2075642 FP3-4R7-R 
R5 10kohm 1 1653050 CRCW120610K0FKTA 

QCN-27+
Local name value use Dealer Dealers number
U$8 1 Mini-circuits QCN-27+ QCN-27+
R1 49,9ohm 1 1653200 CRCW251249R9FKEG 

Connector
Local name Value use Dealer Dealers number
X3 5 1 3089060 282836-5 
X1, X2 2 1248989 5-1814400-1 

Local name Value use Dealer Dealers number
U2 1 1699397 ATTINY44A-SSU 

Data encoder
Local name Value use Dealer Dealers number

1 1739994 SN74ALVC00D 
4 1520616 35WR10KLFTR 

antal Manufactors number
Farnell
farnell
farnell
farnell
farnell

antal Manufactors number
Farnell
farnell
farnell
farnell
farnell
farnell

Manufactors number

farnell

Manufactors number
Farnell
Farnell

uC
Manufactors number

Farnell

Manufactors number
Farnell
Farnell



 18 Appendix 9 – Schematic and board layout
For better quality or to get files for Eagle please contact Viktor af Sandeberg, 
viktor@afsandeberg.se .
Schematic of final design can be find in figure 18 and 19 in the main report.

Figure 23. Top side of final design board layout.
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Figure 24. Bottom side of final design board layout.
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Figure 25. Schematic for PLL/VCO with enable design. The schematic will need more work before 
it will work.
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 19 Appendix 10 – Instruction manual

 19.1 Introduction

The transmitter is designed for NAROM's student rocket. This instruction manual is build on master
thesis ”S-Band transmitter for NAROM student rocket” by Viktor af Sandeberg at Luleå University 
of Technology. The transmitter is designed to send on 2279,8 MHz with power of 1 watt. It's built 
on an IC that modulate the digital signal for encoding with a FSK modulation, the digital type of 
FM. The signal have a carrier frequency of 456 MHz when it leaves the modulator and it's 
multiplied 5 times and then amplified up to about 1 watt. Because the multiplier give disturbances 
some filters are also applied to remove the disturbances.

 19.1.1 Attention

A few things to remember when working with the transmitter:

• Electrostatic discharge(ESD) – The transmitter is in some places very sensitive for ESD so 
it's important to take ESD precaution when handling the transmitter.

• Antennas output – Always have 50 Ω antennas or dummy loads connected to the antennas 
output when the transmitter is turned on.

• Programming – The modulator, SX1230 enable line should not be connected to the μC when
the μC is programming. That’s because it uses the same lines.

• Power settings – The modulator, SX1230 can give out a higher power than some 
components after it can handle. Therefore shall SX1230 not be set higher than 4 dBm.

 19.2 Design

 19.2.1 Performance specification

Frequency range With limitation of filter: 2250-2300 MHz. (It's 
possible to go higher but the output power will 
decrease.) 
Without limitation of filters: 2250-2550 MHz.

Frequency derivation 3-1500 kHz

Output power Up to 1,3 watt theoretical. A practical value is 
unknown until it's tested.

Output impedance 50 Ω

Transmitter speed 0,4883-600 kbit/s

Input voltage on supply 6-16 V

Input current at 6 volt, maximum up to around 1,95 A 

Input current at 16 volt, maximum up to around 0,81A

Input current at 6 volt, normal up to around 1,4 A

Input current at 16 volt, normal up to around 0,59 A
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Data input signal input voltage high 3,5-5,5 V

Data input signal input voltage low -0,5-1,5 V

Note about current usage: This is only an estimated value. Maximum is when all components are 
used at their absolute maximum. The normal value is a more likely value. A more exact value can 
not be know until the transmitter is tested.

 19.2.2 Interface

 19.2.2.1 Encoder

To the encoder there are five connections. Two data signals, two grounds and one power. 

One of the data signals is for the data that the encoder wants to send. The other one is a clock signal
from the transmitter to encoder so that the transmitter can tell when the data signal should change. 
This clock signal is only needed when the built in filter in the modulator, SX1230 is used. If the 
filter isn't used the clock signal can still be used if the encoder want it.
The two data signal have ground( 0 volt) and +5 volt as signal levels. If the encoder uses 3,3 volt it's
possible to take a way ADuM1281 from the transmitter boarder to make it work with 3,3 volt 
instead. To understand this; look on the boarder and datasheet for ADuM1281.

The transmitter uses a voltage between 6 and 16 volt to power it. The two ground connections are 
just to make it possible to minimize the disturbance in the data lines if there is a problem. They are 
internally connected to each other on the transmitter. 

 19.2.2.2 μC programming

The programing uses a signal level of 3,3 volt. If the programming device uses a higher voltage it 
must been taken down to 3,3 volt or the transmitter will get broken(not just the μC onboard).It's 
programmed with ISP and connection has the same pin order as standard as show in figure 26.

3,3 volt MOSI GND 6

1 MISO SCK RESET
Figure 26. Pin connection from programming.
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Figure 27. Figure over SX1230 enable part of board.

Before the μC is programmed the enable line to the modulator, SX1230 must be connected to 3,3 
volt so that it doesn't receive the program that is sent to the microcontroller. This is because it share 
some of the lines that are used to program the microcontroller. This is done by SX1230 Enable is 
connected to R19 (3,3 volt) when μC is programming. When μC is not programming SX1230 
Enable shall be connected to R16 (μC) and the programming cable shall be taken away. This part of
the boarder is shown in figure 27. When switching between the two modes the transmitter shall turn
off. 
A suggestion is that under the test phase connect a switch so the programming mode and standard 
mode can be switched between easily. Before the flight the switch is taken away and instead a 0 
ohm resistor is placed at R16. 

 19.2.2.3 Antenna 

There are two SMA connections to connect two 50 Ω antennas.

 19.2.2.4 Mechanical connection

The transmitter have six holes with a diameter of 4 mm. They are made to work on the back plate 
on NAROM's rocket. 

 19.2.3 Hardware

Figure 28. Block diagram over the transmitter.

Figure 28 show a block diagram of the transmitter. It begins with the modulator IC, SX1230 that 
modulate the digital signal to radio signal with carrier of 456 MHz. The signal is 
amplified(MGA-30889) and multiplied 5 times(RMK-5-2751+). The multiplier send out 
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disturbance that is filtered away with 9 filters. Because of the filters the signal loss power. It's 
therefore amplified with two GVA-63+ and one PGA-130+ before it reaches the last 
amplifier(ALM-32220). There it's amplified for the last time before it's split(QCN-27+) and one 
output is phase changed with 90° before it reaches the antennas.
The modulator, SX1230 is set by a μC(Attiny24a). It's possible to change frequency, bit-rate, power 
and many other things, more detail in section 19.2.4. SX1230 output power have been calculated in 
normal temperature and with out loss to be set to -12 dBm. Because this calculation is without loss 
in the line this value might be to low. From test on a test board with a bit different design and 
calculation on the result it give out that a more likely value to set SX1230 to is 0 dBm. But it's no 
problem to go up to 4 dBm.

Modulator and μC use 3,3 volt, all amplifiers use 5 volt. Analog Device AduM1281CR is used to 
convert the digital signal between 3,3 and 5 volt for the interface to the encoder and therefore use 
both 3,3 and 5 volt. 

The two DC/DC converts have each a separate LED to show that they work. The DC/DC is 
powered by a voltage between 6-15 volt. SX1230 and μC are connected with R15 of 0 ohm resistor 
to make it possible to have noting connected to 3,3 volt when testing. All amplifiers are connect to 5
volt with at least one 0 ohm resistor, ALM-31222 use five 0 ohm resistors. 

 19.2.4 Software

The communication between μC and the modulator, SX1230 is done with four signal lines, enable, 
clock, mosi and miso. When enable goes low it activate the SX1230 to receive instruction from μC. 
The bit on MOSI is set and then read by SX1230 on the rising edge of clock signal. 
The first byte after enable has gone low is the written or read bit that tell if the instruction should be
written(1) to the register or if the register should be read(0). The next seven bits is the address to the
register. After that is the data byte to send to the register. If the next register also should be written 
to it is possible to write the next data byte directly after the one before. When the last byte have 
been written or when the address must be changed the enable line goes high.
The first register(address 0x00) is the mode setting, by default it's set to stand-by mode meaning 
that nothing is sent out from SX1230. The mode must not be changed to transmitter mode until the 
power control(address 0x08) is changed because SX1230 have the output power of 13dBm by 
default and it would burn the transmitter!
SX1230 is reset every time the transmitter is turned off, that's why the μC is needed.

The program for μC work have three steps:

1. Initation process

2. Send over settings to SX1230 with the last setting to change mode

3. μC goes into sleep mode

The code in the comments in the program files makes it possible to read what have been written to 
the different registers.
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Following register can be interesting to know about:

Address Register name Bits Variable name Description

0x00 Mode 7 - 0

6:4 Mode Operation mode:
000 sleep mode
001 stand-by mode
011 transmit mode

3:2 modul_type 00 FSK
01 OOK(ASK)

1:0 data_shaping In FSK
00 no shaping
01 Gaussian filter with BT=1.0
10 Gaussian filter with BT=0.5
11 Gaussian filter with BT=0.3

0x01 BrMsb 7:0 br_ration(15:8) Bit rate MSB

0x02 BrLsb 7:0 br_ration(7:0) Bit rate LSB

0x03 FdevMsb 7:6 - -

5:0 fdev_coeff(13:8) Deviation frequency

0x04 FdevLsb 7:0 fdev_coeff(7:0) Deviation frequency

0x05 FrfMsb 7:0 freq_rf(23:16) RF carrier frequency MSB

0x06 FrfMid 7:0 freq_rf(15:8) RF carrier frequency centre bits

0x07 FrfLsb 7:0 freq_rf(7:0) RF carrier frequency LSB

0x08 PaCtrl 7 - -

6:5 pa_select 01 for all setting in this transmitter

4:0 pow_val(4:0) Output power
Pout = -18 dBm + pow_val

To write to a register the first bit in the address should be '1'. After a register have been written the 
address is changed to the next one. This mean that if more then one register in a row should be 
written to it's possible to go to the first one and write data to that and the next one etc. without 
writing the new addresses. For more detail see the datasheet for Semtech SX1230.

The RF carrier frequency and deviation frequency that is given out from SX1230 is multiplied by 
five times in the multiplier before it reach the antennas. This means that they should have value that
is five times lower then the wanted frequencies out from the transmitter.
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 19.2.5 Assembly instructions

R2-3, R7-16, R19 should be soldered during the test-phase. All other component can be soldered 
during assembly.

 19.3 Testing

 19.3.1 Setup

 1 Setup the equipment:

 1.1 Do a visual inspection. Does everything appear all right?

 1.2 Connect two 50 ohm dummy loads to the antennas output.

 1.3 Connect the input data to ground.

 1.4 Connect the supply input to a power supply that have a voltage between 6 and 16
volt. Let it be off.

 19.3.2 Supply voltage test

 2 No load:

 2.1 Turn on the power supply.

 2.2 Do the two LED’s light up?

 2.3 Measure the output voltage from the DC/DC converters at R15 and R13. They 
shall be 3,3 and 5 volt. Measure the current from the power supply, it shall be 
around 29 mA. 

 2.4 Turn off the power supply.

 3 With load:

 3.1 Solder all the 0 ohms for the power supplies (not R16 and R19 for SX1230 
enable line) so that everything gets power. 

 3.2 Turn on the power supply. The current shall now have raised.

 3.3 Turn off the power supply.

 19.3.3 Spectrum analyzes test

 4 Smoke test:

 4.1 Connect the programmer to the connector. 

 4.2 Connect SX1230 enable line to R19 (3,3 volt).

 4.3 Turn on the power supply.

 4.4 Upload a program that set the output of SX1230 to -18dBm and set it to 
transmitter mode.

 4.5 Turn off the power supply.
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 4.6 Connect SX1230 enable line to R16 (μC).

 4.7 Turn on the power supply.

 4.8 Read the current use. Have it gone up? Look the transmitter as before?

 4.9 Turn off the power supply.

 5 First spectrum analysis test:

 5.1 Connect one of the antennas output to the spectrum analyzer. There can be need 
for an attenuator between them.

 5.2 Turn on the power supply and spectrum analyzer.

 5.3 How does the signal look like?
Because the signal is split to two antennas the spectrum analyzer will only show 
half of what power the transmitter send out, this mean that it will not be higher 
than around 26,99 dBm.

 6 If the output power is lower than wanted:

 6.1 Turn off the power supply.

 6.2 Connect enable line for SX1230 to R19 (3,3 volt) and the program to it's 
connection.

 6.3 Turn on the power supply.

 6.4 Upload new program that have a output higher then before. If the output power is
more than 20dBm then change the output of SX1230 only with 1 dBm each time.
If the output is lower then change it with 2 dBm.

 6.5 Turn off the power supply.

 6.6 Connect enable line for SX1230 to R16 (μC) and disconnect the programmer.

 6.7 Turn on the power supply.

 6.8 How does the power look now? Does it need to be higher?
If the power need to be higher then repeat from step 6.1 until it reach the correct 
output power. Don't set SX1230 higher than 4dBm without a calculation done on 
the transmitter.

 7 When the output power is good and the frequency is correct:

 7.1 Change the input data from encoder from ground to +5 volt. 

 7.2 Does the frequency change on the spectrum analyzer?

 7.3 Turn of the power supply and disconnect the spectrum analyzer from the 
transmitter.

 7.4 Solder the 0 ohm resistor so that SX1230 is connected to μC.
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 19.3.4 Communication test

Connect the transmitter to the encoder, power and antennas. The transmitter is ready to be turned on
and transmitted. Follow the instructions for the encoder and ground station about how to set them 
up.
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 19.4 Schematic
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