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Abstract 

 

The project is based on the creation of an inductive link for data transmission at a 10Mbps 

rate. Firstly, the frequency response of the link of coupled inductors is analysed, and it is 

decided, with minimum attenuation criteria, which should be the operation frequency of the 

system. A FSK modulation is proposed and, as the link experiments minimum attenuation 

at 50MHz, the frequencies that the modulation will use are 45 and 55MHz to transmit ‘1’ 

and ‘0’. Therefore, two oscillators have been mounted with a multiplexer that uses the data 

signal as a selector and outputs the frequency corresponding to the current symbol. In the 

receiver side of the link, after amplifying the signal, a pass-band filters system is used in 

order to split the modulated signal in two separate signals, in regard to each of the 

frequency formants. After a AC to DC conversion, both signals are compared and it is 

decided, whether a ‘1’ or a ‘0’ has been received. 
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Resum 

 

Basem el projecte en la creació d’un enllaç inductiu per a transmetre dades a 10Mbps. Per 

a la realització, s’analitza en freqüència la resposta de l’enllaç d’inductors mútuament 

acoblats i es decideix, amb criteri de mínima atenuació, la freqüència d’operació del 

sistema. Es proposa utilitzar una modulació de freqüència FSK que, donat que l’enllaç 

experimenta mínima atenuació a 50MHz, utilitzarà freqüències de 45 i 55MHz per a 

transmetre ‘1’ i ‘0’. Així doncs, s’han muntat dos oscil·ladors a les freqüències esmentades 

i un multiplexor que, utilitzant el senyal de dades com a selector, té a la seva sortida la 

freqüència corresponent al símbol actual. A l’altra banda de l’enllaç, després d’amplificar 

el senyal, es dissenya un sistema de filtres pas banda que separarà en dos senyals les 

dues freqüències formants del senyal modulat. Després de realitzar una conversió AC-DC 

amb un detector d’envolupant, es comparen ambdós senyals i es decideix si s’ha rebut un 

1 o un 0.    
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Resumen 

 

Basamos el proyecto en la creación de un enlace inductivo para transmitir datos a 10Mbps. 

Para ello, se analiza en frecuencia la respuesta del enlace de inductores mutuamente 

acoplados y se decide, con criterio de mínima atenuación, la frecuencia de operación del 

sistema. Se propone utilizar una modulación de frecuencia FSK que, dado que el enlace 

experimenta mínima atenuación a 50MHz, usará frecuencias de 45 y 55MHz para 

transmitir ‘1’ y ‘0’. Así pues, se han montado dos osciladores y un multiplexor que, 

utilizando la señal de datos como selector, tiene a su salida la frecuencia correspondiente 

al símbolo actual. En el otro lado del enlace inductivo, después de amplificar la señal, se 

diseña un sistema de filtros paso banda que separará en dos señales distintas las 

frecuencias formantes de la señal modulada. Después de realizar una conversión AC-DC 

con un detector de envolvente, se comparan las señales y se decide, si se ha recibido un 

0 o un 1.  
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1. Introduction 

1.1. Statement of purpose 

The project has been carried out at the University of Aalen, Germany. It is a collaboration 

with the department Fakultät Elektronik und Informationstechnik and will be done at the 

power electronics’ laboratory.  

It consists on the development of an inductive coupled data transmission system. The 

transmitter node is a fix axis which, using an appropriate modulated signal, would transfer 

data at a 10Mbps rate to the receiving node, which is a rotating axis. The purpose of this 

project is to find the viability of this type of transmission system in the previously developed 

prototype.  

 

Figure 1: Prototype Scheme 

The electronics’ laboratory had already designed and built the prototype that this project 

will be working with, as can be seen in Figure 1. The prototype is a metal-built inductive 

transmission system, which consists on a fixed part (receiver) and a rotating part 

(transmitter).  

But the link mounted right now is a 16kbps link, which is only capable of transmitting to the 

fixed node a few data related to the rotating node, such as its current rotational speed.  
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It was wanted to make the link faster and a 10Mbps transmission was proposed. As 

explained before, as there exists a differential of rotational speed between both nodes of 

the link, the communication by wiring is discarded from the start. There must be found a 

way to transmit information at a high rate over a coupled inductors link. The idea of raising 

the speed of the link up to 10Mbps was founded as it is wanted that the rotating node has 

a camera which will broadcast live images to the fix node. 

Currently, the fix node receives the power supplies and transfers them to the rotating part 

using coupled coils, which constitute the power-transmission system. Therefore, parallel to 

the power-transmission system, there will be the data-transmission system also using 

coupled inductors.  

 

1.2. Main Objectives 

 

Once the project has been introduced, there must be defined its objectives. The main 

objective of the project is to be able to apply some data at the rotating node and receive it 

at the fixed node. But a modulation of the signal must be performed in order to transmit 

data through the system, since an inductive link is being used. Therefore, the objectives of 

the project have been defined below. 

 

1.- Studying the coils system and its frequency response. 

2.- Literature of different modulations and definition of the modulation type to use. 

3.- Modulating the data signal with the modulation chosen. 

4.- Analyze the response of the link when applying the modulated signal. 

5.- Demodulating the signal to get the original data stream.  
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1.3. Project specifications 

 

The electronics’ department of the University of Aalen had already developed a first 

prototype with a low-rate link which transmits data at 16kbps in a range of 0.5mm. This 

project is based in designing the new data link, keeping the same coil structure. Other 

values such as Rotational Speed of the rotating part are not specified as they are supposed 

to vary depending on the application given to the prototype. 

 

 Data transmission Rate: 10 Mbps 

 Gap between fixed and rotating coils: 0.5 mm 

 

1.4.  Work Packages  

 

Project: Inductive high-rate data transmission WP ref: 1 

Major constituent: Coupled coils Sheet 1 of 6 

Short description: Design the coupled coils system, 

with a VHF signal transmission of 50MHz. Selecting 

the modulation to use, in terms of the response 

obtained at the receiving node. 

Planned start date: 14/03/2017 

Planned end date: 31/03/2017 

 

Internal task T1.1: Check inductor’s behavior 

Check the response of a VHF signal at the receiving 

node when using coupled coils 

 

Internal task T1.2: Design of the coupled inductors 

link 

Design the coupled inductors system at a frequency 

of around 50MHz. 

 

 

 

 

Project: Inductive high-rate data transmission WP ref: 2 
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Major constituent: Modulation/Demodulation  Sheet 2 of 6 

Short description: Implementation of the modulation 

and demodulation of the data. 

 

Planned start date: 03/04/2017 

Planned end date: 12/05/2017 

 

Internal task T2.1: Modulation  

Research of circuits which make possible the 

modulation of the data signal and implementation. 

 

Internal task T2.2: Demodulation 

Demodulation circuit and error detection and 

correction. 

 

 

Project: Inductive high-rate data transmission WP ref: 3 

Major constituent: Mounting the prototype Sheet 3 of 6 

Short description: Building the designed systems in 

a solid prototype. 

 

 

 

Planned start date: 15/05/2017 

Planned end date: 26/05/2017 

 

Internal task T3.1: Constructing the prototype 

Mounting the prototype in the selected materials. 

 

 

 

 

 

 

 

Project: Inductive high-rate data transmission WP ref: 4 

Major constituent: Tests Sheet 4 of 6 
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Short description: Check if the mounted prototype 

is correctly working and proving communication 

between two nodes. 

 

Planned start date: 29/05/2017 

Planned end date: 09/06/2017 

 

Internal task T4.1: Prototype tests 

Test complete functionality of the prototype 

developed 

 

Project: Inductive high-rate data transmission WP ref: 5 

Major constituent: Project Thesis  Sheet 5 of 6 

Short description:  

 

Planned start date: 15/06/2017 

Planned end date: 04/07/2017 

 

Internal task T5.1: Project Thesis 

Writing and revision of the project’s Thesis. 

 

Project: Inductive high-rate data transmission WP ref: 6 

Major constituent: Oral defense of the project  Sheet 6 of 6 

Short description: Preparing an oral presentation to 

show the work and results obtained during the 

realization of the project 

 

 

 

Planned start date: 5/07/2017 

Planned end date: 15/07/2017 

 

Internal task T6.1: Oral presentation 

Creating and rehearsing the presentation. Final 

exposure in face of a tribunal. 

 

 

WP# Task# Short title Milestone / deliverable Date (week) 
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Figure 2: Gannt Chart of the proposed tasks 

 

1.5. Work Plan Modifications 

 

The main difference of the project comes from the analysis of the link at task 1.1. When 

checking the link’s behavior, a minimum attenuation point is observed at a frequency of 50 

MHz. In the proposed Work Plan, a baseband signal was supposed. But, as the prototype 

may be used in industrial applications and it will be relevant taking into account the noise 

introduced in the channel, there is a special interest in the minimum attenuation of the link. 

That means less amplification at the receiving node. Therefore, the noise won’t be much 

amplified.  

In case of not using a minimum attenuation point, the signal itself and the noise introduced 

in the channel will be greatly amplified, which may lead to bit detection error. That is why a 

FSK modulation will be used with mark and space frequencies of 45 and 55 MHz to transmit 

1 1 Check inductor’s behavior  14/03/17 - 17/03/17 

1 2 Design Coupled inductors link Coupled coils system finalization 20/03/17 - 31/03/17 

2 1 Modulation  03/04/17 - 21/04/17 

2 2 Demodulation Transmission system finalization 24/04/17 - 12/05/17 

3 1 Constructing the prototype Prototype construction finalization 15/05/17 - 26/05/17 

4 1 Prototype tests Tests 29/05/17 - 09/06/17 

5 1 Project Thesis Deliver of project Thesis 15/06/17 - 04/07/17 

6 1 Oral presentation Project exposure 05/07/17 - 15/07/17 

Table 1: Work Packages table 
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information with a signal rate of 10 Mbps, instead of a baseband signal at 10 MHz, as 

proposed in the Work Plan. 

It has also been deleted the error detection and correction Package, including it in the 

demodulation system task.  
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2. State of the art  

 

2.1. Frequency Modulation 

 

Frequency modulation consists on encoding data using a carrier frequency for each symbol. 

One of the most common frequency modulations is the well-known FSK, Frequency Shift 

Keying, in which 2 carrier frequencies are set with a determined bandwidth and spacing to 

represent 2 digital symbols. It is widely used in radio broadcasting, modems and fax 

modems.  

In the FSK example, the frequency of the modulated signal varies as the data stream does. 

It is the way to associate a digital ‘1’ and ‘0’ to two different frequencies. Demodulation will 

be performed by detecting which is the current frequency of the signal.  

There exist several types of generation of the FSK signal, known as modulation of the data 

stream. 

 Direct modulation using an VCO, which will output a different frequency when 

having the data as input. 

 Indirect modulation using of crystal oscillators and frequency mixers, which create 

new frequencies with its local oscillator and the input frequency. 

 

To recover the signal a demodulation must be performed. There are multiple types of 

demodulation: 

 Foster Seeley Discriminator: Reference [6] presents the use of a transformer tuned 

to the mark frequency to demodulate the signal. In case the input is the mark 

frequency, the output is maximum. As the frequency shifts from the tuning 

frequency of the transformer, the output is a voltage proportional to the frequency 

shift from the tuning frequency. 
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 PLL: Reference [9] presents that the device ensures having a fixed phase sinusoidal 

at its output. Thanks to the feedback applied to the PLL, the input signal is 

regenerated, deleting all unwanted distortion previously present. It is optimum for 

further methods applied to the modulated signal to recover the data. 

 Converting the FM to AM: Filters in carrier frequencies and detects the envelope of 

the output of the filter. 

After applying one of the methods, the original data stream will be recovered. However, in 

common data transferring applications, the signal must be filtered and amplified, among 

others techniques required to ensure the correct demodulation and avoidance of symbol 

errors. 

2.2. Filtering 

 

A filter is a tool that can be either analog or digital, passive or active, that is designed to 

process signals, by deleting unwanted frequency components or enhancing the wanted 

ones. There exist several types of filters, although the ones used in the project are the 

following: 

 

 

  

 

 

Figure 3: Passive filters types 
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2.3. Envelope Detector 

 

As reference [10] presents, the diode envelope detector is the simplest form of envelope 

detector. Consists on a diode connected with a condenser and a resistor in parallel to 

ground. If both values for the condenser and resistor are correctly chosen, the resultant 

signal at the output will be the envelope of an AC signal. The theory of operation is the 

same as in a peak detector, in which a fast capacitor is charged as the AC signal is in the 

input. But also, a resistor is added in parallel to being able to discharge the capacitor. That 

way, the envelope of a changing-amplitude AC signal is detected. Without the resistor, the 

circuit would be a peak detector.  

 

Figure 4: Envelope detector circuit 

 

Figure 5: RC Condition 
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3. Methodology 

 

 

The main objectives of the project had been defined and there has to be defined a 

methodology and steps to follow in order to accomplish the requirements. This meant to 

define all the stages that the data signal would be applied in order to achieve a correct and 

reliable communication between both nodes. 

 

Figure 6: Basic proposed scheme for the data transmission system 

 

This has been the first proposed scheme. The data input stream had to be represented in 

analog with a modulation in order to be transmitted over an inductive link. This should be 

achieved by a modulation. After receiving the signal and processing it at the carrier 

frequencies the system is working with, the signal would be recovered. Although this is an 

ideal scheme of the transmission system, the basic functioning of the circuit is as it has 

been described. Multiple filters and amplifiers will be necessary but the specific scheme of 

the system is not known yet as the modulation type, among others, is yet to be defined.  
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The project is split in 3 different blocks, concerning the 3 operations that have to be done 

to the signal: 

 Modulation of the signal 

 Connection to the inductive link 

 Demodulation of the signal 

Firstly, the Modulation block is going to be analyzed, which implies other internal 

procedures to ensure the correct working of the system at its final mounting.  

3.1. Modulation of the signal 

 

Coil system and frequency response 

Having defined the objectives of the project and understood that a modulation will be used 

to perform the data transmission, it was studied the response of the several coil systems. 

The prototype has a 100mm of diameter, aluminium coupled coil system, but there was 

possibility of analysing multiple links and make a choice based on the attenuation that they 

showed at different frequencies.  

The available inductors were the following:  

 Aluminium coupled inductors, 100mm diameter. 

 Iron coupled inductors, 80mm diameter. 

Both links need a study in their frequency response, using a Network Analyzer. But, since 

the modulation had not been chosen yet, the results obtained will be stored and the choice 

of which inductor to use would be done later.  

Choosing a modulation 

After studying the frequency response of the link, a modulation must be chosen to perform 

the Digital to Analog representation of the data stream. The easiest form of modulations 

considered were the ASK and FSK. Reference [8] presents the basic specifications for both 

modulations. 

ASK, Amplitude Shift Keying, consists on a modulation that uses a single carrier signal with 

different amplitudes to modulate the symbols of the data stream. On the other hand, FSK 

uses 2 carrier frequencies, in its binary version, to modulate both symbols. Since in the 

channel the noise added results in amplitude distortion, the ASK was discarded.  
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FSK Modulation 

Advantages Disadvantages 

Better noise immunity than ASK High bandwidth occupation 

Simple implementation Bandwidth is rate-dependent 

Lower error probability than ASK  

Table 2: Advantages and disadvantages of the FSK modulation 

 

The modulation chosen was the FSK (Frequency Shift Keying). This modulation, in its 

binary version BFSK, is based in transmitting both symbols with a different carrier 

frequency each. That means that, when having a 0 in the input data stream, the modulator 

block must output a sinewave with a determined frequency and, when the data stream has 

a ‘1’ in the input of the modulator block, this must have a sinewave with a different frequency 

at its output. The frequency related to the ‘1’ symbol is called Mark frequency, and the 

frequency related to the ‘0’ is called space frequency. 

The FSK is non phase 

continuous in the switch 

between both mark and space 

frequencies. As a non-coherent 

detection of the signal will be 

performed, it is required that the 

spacing between both carrier 

frequencies is a multiple of half 

the data rate. 

∆𝑓 = 𝑛
1

𝑇
 

Where n is an integer, T is the bit time and ∆𝑓 is the spacing between both carrier frequencies 

Non coherent detection is that in which the phase of the signal cannot be exploited to 

achieve better demodulation. In this case, the spacing between both signals has to be set 

so that there is no interference between them. Two signals are considered to be orthogonal 

and don’t produce any interference between themselves when the dot product of both 

signals is zero.  

Figure 7: FSK Modulation 
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< 𝑓, 𝑔 > =  ∫ 𝑓(𝑡)𝑔(𝑡)𝑑𝑡
𝑡2

𝑡1

 

When applying the dot product to the 2 carrier signals of an FSK, the conditions of 

orthogonality will be found. See Annex II to view the proof of orthogonality. For the signals 

to be orthogonal, the FSK frequencies must be an integer multiple of half the bit rate and 

the frequency separation ∆𝑓 must be a multiple of the bit rate. 

At this point the results obtained at the start must be reconsidered by checking the 

frequency response of the inductive link. Taking into consideration that the required bit rate 

is 10Mbps, the orthogonality condition is computed, so that ∆𝑓 = 5𝑀𝐻𝑧. By considering the 

results obtained at the first section, for the Aluminum Coil, its minimum attenuation is found 

at 50 MHz approximately. An FSK modulation with 2 carrier frequencies is used, and it is 

desirable that both frequencies experiment the same attenuation when passing through the 

link. That is why it has been chosen 45 MHz and 55 MHz as Mark and Space frequencies, 

correspondingly. Both frequencies are an integer multiple of half the bit rate, and their 

separation is a multiple of the bitrate.  

The objective of the modulator has been now totally defined: Create a FSK modulation from 

the data stream, which uses 45 and 55MHz frequencies. The first idea was to find an 

integrated circuit that had an input for the data stream and could output either the mark or 

the space frequencies, depending on the data signal. A list of possible chips was achieved, 

but they all were discarded either because their price was too high or they were not fast 

enough at switching the output frequency.  

The second approximation was to achieve 2 oscillations at 45 and 55 MHz, and switch 

between them with a fast analog multiplexer, using the data stream as the selector input of 

the device.  

 

 

 

 

 

Figure 8: Basic scheme of the FSK modulator 
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To achieve the oscillation, the first option chosen was to mount the Colpitts’ Oscillator, 

although the correct output frequency was not finally achieved. All the circuits to mount 

were firstly simulated using the software LTSpice XVII. The results acquired after running 

the simulation were the following: 

 

 

It was being challenging to build the oscillator, as the parasitic capacitance and inductance 

of the prototyping board have the same order as the values used in the circuit. Only 13 

MHz oscillation were achieved. This is due to circuit mounting imperfections and the circuit 

board used. It was essential to keep the wiring the shortest possible in the circuit not to 

introduce parasitic inductance. Also, the circuit board used was a stripboard which added 

parasitic capicitance to the circuit. After trying to reduce the wirings and mounting the circuit 

to a Perfboard, the 50MHz were still not achieved. That is why, it was decided to use 

another IC to create two oscillators. 

 

 

 

 

 

 

 

 

Figure 9: Oscillation simulated 

Figure 10: Colpitts’ Oscillator Circuit 
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After a research on suitable chips, an IC was found to achieve the oscillation frequency 

needed of 45 and 55MHz. It is the MAX2605 and two of them will be simultaneously used. 

In the datasheet of the chip, a typical operation circuit is provided. In this case, the circuit 

could not be simulated, as there was no spice model found for the MAX2605. 

 

Figure 11:  Suggested operation circuit for the MAX2605 

 

Since signal inductors will be used to mount the MAX2605 and the same value will be 

placed at both oscillators, the tuning voltage will be the only way to change the frequency 

of the output. After checking the chip’s response to a fix inductor value, it was concluded 

that the frequencies to use would be 45 and 53 MHz. The orthogonality of the signal would 

be lost but the spacing was still wide enough to achieve a correct demodulation.  After 

having both oscillations, a multiplexer must be used to achieve the modulated signal. A fast 

switch was needed in order to change between both inputs when the selector input is a 

data stream with a 10Mbps rate. Therefore, a 10 MHz switching frequency multiplexer was 

not fast enough, because some symbols may be skipped. A faster chip is required to 

compensate the switching time of the IC. As a result of a research, the ADG3248 was 

chosen as the multiplexer to use, as some of its specifications indicated that it was suitable 

for the application:  

 

 

 

 

 

 

 

 

 

Table 3: ADG3248 features 

ADG3248 

Analog switch applications 

Data rate 1.244 Gbps 

Maximum transition time 29 ns 
Figure 12: ADG3248 pin scheme 
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The switching time is 29ns which is enough for our rate. The target is to transmit data at a 

10 Mbps rate, which implies bit time of 100 ns. As it is greater than the switching time, the 

ADG3248 works good for our application. The signal will experiment a delay but it won’t be 

altered as long as the switching time keeps relatively the same.  

Besides that, the datasheet indicates that the typical switching time is of 26 ns, with a 

maximum of 29 ns. This fluctuation of the transition time will not affect the signal, as the bit 

time of a 10 Mbps signal is 100ns, against the 3 ns of maximum fluctuation of the transition 

time. 

So far, the FSK modulator has been mounted. The results obtained will be evaluated later 

but, besides that, the inductor link has some attenuation that it would be needed to deal 

with. An amplifying output stage will be needed to drive the primary side of the coupled 

coils.  After having defined the basic requirements for the modulator, the following is the 

proposed scheme that achieves an FSK modulation of the data signal. 

 

Figure 13: Modulator scheme proposed 
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3.2. Connection to the inductive link 

 

The following step, having designed the modulator, is to adapt the modulator circuit to the 

inductive link. The frequency response of the inductors had been checked and the signal 

would experience approximately a 10 dB attenuation. That is why it has been decided to 

place an amplifier right before connecting the modulator to the link. 

By checking the MAX2605’s datasheet, the output voltage that it will have under optimal 

condition can be found. The following formula was given: 

Vpeak−peak(out) = 1 mA ∗ (
1 KΩ ∗ RLoad

1 KΩ + RLoad
) 

The load connected to the output of the oscillator would be the fast multiplexer chosen, 

which was the ADG3248. Checking its datasheet, it indicates that it has a low input 

impedance of 4.5Ω. Applying the formula given by the oscillator, the peak-to-peak voltage 

is approximately 45 mV. 

Vpeak−peak(out) = 1 mA ∗ (
1 KΩ ∗ 4.5

1 KΩ + 4.5
)  ≅ 45 mV 

This way, it can be expected that the output amplitude of the modulator, that is, the 

multiplexer, is going to be approximately around 22 mV. Going back to the results found in 

the coupled coils, the 10 dB of attenuation would mean a reduction of the amplitude in a 

factor of 3.2. That means about 7 mV of amplitude could be expected at the secondary side 

of the coupled coils. It also has to be considered that the multiplexer could have an output 

impedance different than the input impedance of the coupled coils. That will make that the 

oscillator doesn’t work in its optimum conditions and that the output amplitude observed 

decreases respect to the expected one. It has been concluded that the amplifying stage 

was crucial in order to receive a reliable signal at the secondary side of the coupled 

inductors, when connecting the modulated amplified signal at the primary side of the 

inductors.  
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The amplifier chosen was the AD8353 and it has a fixed 20 dB amplification under optimal 

conditions. Taking into account that the modulated signal has an amplitude of 

approximately 45 mV, at the output of the amplifier a peak-to-peak voltage of about 400 

mV could be expected, when the demodulator has no load. However, when connecting the 

coils to the modulator, the input amplitude will decrease.  

 

The impedance of the coils was calculated with an RLC Meter, and an impedance was 

simulated in LTSpice to check the loading effects that the inductors could apply because 

of the non-matching of impedances. The voltage is reduced approximately 100 mV 

because of the connection of the modulator and the coupled coils, and the peak-to-peak 

voltage of the modulated signal at the primary side of the coupled coils might be 

approximately 300 mV. As previously stated, the coils apply an attenuation of 10 dB, which 

means that the peak-to-peak voltage of the modulated signal will be approximately 95 mV. 

Voltage gain(dB) = 20log (
VSECONDARY

VPRIMARY
) = −10 dB 

VPRIMARY P−P = 300 mV      Attenuation = 10dB      VSECONDARY P−P = 95 mV 

When connecting the coils without matching the impedances, reflections may also apply 

distortion to the modulated signal. The matching network not only transfers the maximum 

power to the load, but also removes the reflections of the signals that produce distortion. 

An impedance matching network might be needed, apart from adding several filters to 

reduce the interferences and keep the spectrum the modulation is performed in.   

To clarify the signals amplitude calculated at each side of the coils, a look into the general 

scheme in Figure 5 is useful. 

 

Expected Peak-to-Peak voltage at the primary side of the coils without 
any load 

400 mV 

Expected Peak to Peak voltage at the primary side loading the 
modulator with the coils 

300 mV 

Attenuation of the coupled coils 3.1622 (10 dB) 

Expected Peak-to-Peak voltage at the secondary side of the coils 95 mV 

 

Table 4: Expected peak-to-peak voltages at different stages of the circuit 
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3.3. Demodulation of the signal 

 

After receiving the modulated signal, a demodulation must be performed to recover the 

original data stream. Several operations must be applied to the signal to get the data stream. 

After a research, multiple demodulation methods were found but only two of them were 

found appropriate, due to price and complexity issues. 

 Demodulation using IC: There are several PLL chips capable of demodulating an FSK 

signal consistent on 2 frequencies (Binary FSK).  

 Demodulation using RLC filters: When using a set of filters centered in both mark and 

space frequencies, 2 different signals with a predominant frequency will be obtained, 

one with the mark frequency attenuated and one with the space frequency attenuated. 

This method will require posterior processing of the signal to finally demodulate it. 

After some research, it was not found a chip that meets the pricing or packaging 

requirements, as the circuit will be mounted in a prototyping PCB. An example of possible 

demodulator chip, as reference [4] presents, would be the CD74HC4046A from Texas 

Instruments, but it is not suitable for our application as its maximum operating frequency is 

18 MHz.  It has been decided to follow the second method to achieve the demodulation of 

the signal. The scheme proposed was the following: 

 

Figure 14: Basic demodulator scheme 
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The first task to perform is to design and mount a filtering system that splits our modulated 

signal to two different signals. The target signals wished to get are the following: 

 Signal in which only the 45MHz frequency is attenuated and the 53MHz frequency 

remains with approximately the same amplitude. 

 

 Signal in which only the 53MHz frequency is attenuated and the 45MHz frequency 

remains with approximately the same amplitude. 

 

The basic design would be to build a pass-band filter which has the mark or space 

frequencies as central frequency. Starting by selecting attenuating the 45MHz frequency, 

a passband filter is designed. The results obtained were the following: 

 

Figure 15: Band-pass filter designed to get the space frequency of the FSK modulation 

 

The previous filter does not exactly match the 53 MHz center frequency but the values of 

the capacitor and inductor had to be specified to standard manufactured values.  As 

previously stated in this report, all the circuits to be mounted would be first simulated with 

LTSpice XVII. Unfortunately, there was no Spice model available for the oscillator and 

multiplexer, and the modulated signal received has been simulated using an AC voltage 

sources of 45 and 53 MHz, with an amplitude of 50 mV, modulated with another fast switch. 

That would create a modulated signal of 100 mV peak-to peak voltage, as studied in the 

previous section. Follow figures show the results of the simulation of the filter, when the 

input was the modulated signal. 
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Figure 17: FFT of the simulated received signal 

 

 

 

 

 

 

Figure 16: Received simulated signal at the input of the filters, at the secondary circuit. 
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Figure 18: Filtered signal removing the Mark frequency formant (45MHz) 

  

As it can be seen in Figure 16, the filtering has been successful, with almost a difference 

of 5dB between both formant frequencies of the modulated signal. Despite that, it has been 

wanted to differentiate both frequencies even more. That is why a band-stop filter has been 

added before the band-pass filter with a center frequency of 45 MHz when trying to 

enhance the 53 MHz space frequency. The band-stop filter will remove the 45 MHz 

frequency and the band-pass will even attenuate the mark frequency more. As a result of 

that, both frequencies will be precisely separated. The values of the band-stop filter have 

been calculated, and the results obtained were the following: 

 

 

Figure 19: FFT of the filtered signal, when the mark frequency (45MHz) is removed  
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Figure 20: Band-pass filter designed to get the mark frequency of the FSK modulation 

 

The circuit was again simulated with the software LTSpice, connecting first the band-stop 

filter and after the band-pass filter. Both orders were tested and the results were similar, 

but the resulting filter had greater stop-band attenuation, as the transition between 45 and 

53 MHz was sharper and more noticeable.  

 

 

 

 

 

Figure 22: Simulated filtered signal using both stop-band and band-pass filters, with the 
45MHz formant greatly attenuated 

 

Figure 21: Simulated circuit with both filters cascaded to get the 53 MHz formant 
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Although the amplitude of the signal has been reduced in comparison with only one band-

pass filter, the difference between the deleted frequency and the remaining is sharper, a 

desirable characteristic in order to perform a reliable demodulation of the signal. After that, 

the same steps were taken to design and implement the second filter set, which consists 

on keeping the 45 MHz frequency and deleting the 53 MHz frequency.  

The required values for the filters were calculated. After simulating them, the results were 

as expected and the 53 MHz frequency was removed from the modulated signal. 

 

Figure 23: Simulated circuit with both filters cascaded to get the 53 MHz formant 

 

 

Figure 24: Simulated filtered signal using both stop-band and band-pass filters, with the 

53MHz formant greatly attenuated 

 

Figure 25: FFT of the filtered signal, applying both filters and attenuating the 53 MHz band 
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So far it has been achieved that the simulated modulated signal to splits depending on the 

formant frequencies, which will be named Mark and Spaces signals. If both signals are 

simultaneously plotted, the difference between both is clear. Also, the attenuation between 

both frequency formants has been greatly increased from 5 to 10 dB attenuation when 

connecting 2 filters instead of just one, as it can be seen in the FFT of the Figure 24. 

 

Figure 26: Interlaced Mark and Space signals, after applying both filters 

 

The moment in which the signal with the mark frequency predominant is greater than the 

signal with the predominant space frequency, a ‘1’ has been recovered. If it is the other 

way round, a ‘0’ will have been recovered. Both filter systems have to be mounted with the 

specified component values. The schematic used is the following: 

 

Figure 27: Stop-band and band-pass filters that split the two frequency formants of the FSK 
modulation 
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So far, the splitting of the signals has been achieved. Following the demodulator scheme 

in Figure 13, the following step is to convert the signal from AC to DC using an envelope 

detector. The difference between both signals is clear, but they cannot be compared as 

they are sinewave signals, which take negative values and are constantly interlaced. That 

is why the AC to DC step is required. It will convert the sinewave to a DC signal similar-

looking to square signal. After that step, the comparison of the signals can be performed, 

as they will only be interlaced in the changes of data, which is actually what needs to be 

detected. So, an envelope detector was simulated and mounted after the amplifying stage.  

The procedure of getting the filtered signals’ amplitude is also called FM to AM conversion. 

The modulation used is a frequency modulation that contains its information in the 

frequency, independently of the amplitude of the signal. But filtering them and getting their 

envelopes provides a signal with the information in its amplitude, also known as Amplitude 

Modulation. 

After making some tests simulating the circuit, it was found that some suitable values for 

the envelope detector were the following:  

𝑅 = 1800 Ω                         𝐶 = 220 𝑝𝐹 

 

There has been a problematic while designing the circuit, as the amplitude of the amplified 

signals was approximately 20 mV. As the diodes have a forward voltage of typically 0.7 V, 

there had to be found a solution so that the envelope detector worked properly. The solution 

thought was setting a DC offset to the amplified Mark and Space signals. That way, the 

envelope detector circuit would properly work. The simulations done provided the following 

results: 

Note: From now on in this document, the signal which has the 45 MHz formant 

enhanced and the 53 MHz frequency attenuated will be named as ‘Mark signal’. The 

one with the 53 MHz frequency formant enhanced and 45 MHz frequency attenuated 

will be named as ‘Space signal’. 
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Figure 28: Envelope detected signals of the Mark and Space signals 

It can be seen that the envelope detectors are correctly working, but the signals still have 

some residuary signal. A low-pass filter could be added to delete as maximum as possible 

the high remainder frequencies in the envelope detected signals. The formula and 

corresponding values for the low-pass filter designed are the following. The filter cutoff 

frequency was chosen to clean some high order harmonics, which were decreasing the 

SNR. 

𝑓 =
1

2𝜋𝑅𝐶
                   𝑅 =  330Ω      𝐶 = 68𝑝𝐹     𝑓 = 7 𝑀𝐻𝑧 

As always as possible, the circuit has previously been simulated in LTSpice. 

 

Figure 29: DC coupling, envelope detector and low-pass filter stages simulated 
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Figure 30: Filtered envelope of the Mark and Space signals 

After the filtering, the difference between both signals is clear and the only problematic 

might appear during the transition between the envelope detected Mark and Space signals, 

as they are not perfectly filtered. But comparing both signals should not give much error as 

7 ns is much lower than our signal period of 100 ns. Although the recovered data signal 

won’t be perfectly acquired, the results will be accurate. Even if there is some distortion at 

the transitions of the demodulated signal, knowing the data rate at the receiver side, a 

sampling at half of the bit time can be performed, when it is ensured that the signal will 

remain equal and won’t experiment any distortion.  

 

Figure 31: Recovered data sampling 

 

The AD8561 has been chosen to perform the comparison. It is a 7ns fast comparator which 

will output a high level if the noninverting input in greater, and will output a low level if the 

inverting input is greater. As it is needed to recover our data signals with ‘1’ and ‘0’, its 

positive power supply will be set to the required 𝑉𝑐𝑐 values, and its negative power supply 

to ground. For circuit simplicity, its supply is set to 5V, although it permits from 3 to 10 volts 

DC supply. As there is already have a 5V supply in the circuit, it will be easier to connect. 
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Figure 32: Comparison of the envelopes and output demodulated signal, compared with the 

original data stream 

 

As is can be seen in the Figure 31, the data signal would be correctly recovered. Although 

the amplitude is different compared to the original data stream and there is some distortion 

at transitions, ones and zeros can be correctly detected due to the sampling method 

described before, and exemplified in Figure 30. Also, adding hysteresis to the comparator 

makes the device switches when there is a minimum difference between both inputs, 

resulting in a much cleaner transition. Every time that the envelope of the Mark signal 

surpasses the envelope of the Space signal, the comparator outputs a high level. The 

comparator outputs a low level when the envelope of the Space signal surpasses the one 

of the Mark signal. The circuit designed follows a simple logic and processes the signal 

step by step to finally demodulate it. The mounting and results will be evaluated in the 

following section named as ‘Results’. 
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4. Results 

The modulation and demodulation of the data signal had to be performed. The data signal 

has been modulated with a FSK using high frequencies of 45 and 53 MHz, taking into 

account the risks that it entailed. High frequency circuits must be built the shortest possible, 

and the use of a designed and customized PCB is highly recommended. The dismiss of 

this requirement could add some noise and interference to the signal and make the system 

not properly works. The time available for this project was limited and the customized PCB 

could not be designed and mounted.  

4.1. Coupled Coils  

 

The first step of the system procedure was to review the frequency response of both of the 

coils available, made of aluminium and iron.  

4.1.1 Results on the Aluminium Coils 

After connecting one of the inductors to the Reflection of the Network Analyzer and the 

other to the Input, the results obtained with the aluminium coupled inductors were the 

following: 

 

Figure 33: Screen of the Network Analyzer with the Aluminum coils connected 
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As can be seen in Figure 32, the attenuation of the link decreases continuously as the 

frequency of the signal applied to it increases. The function finally finds its maximum 

(meaning minimum attenuation) at approximately 49MHz. As the Network Analyzer did not 

allow the data extraction, the data needed to be extracted from the image of the results. 

This had a special interest, since the objective of this frequency response was to store the 

acquired data and use it once the modulation was chosen. After acquiring the data from 

the results, the graph obtained is the following: 

 

 

Figure 34: Exported data of the Aluminum coupled coils 

 

As it can be seen in the Figure 33, the export of data has been successfully done, compared 

to the original response in the Figure 32. After viewing and storing the response with the 

aluminium coil, the same proceeding was performed to get the response of the 

ferromagnetic coil.  
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4.1.2 Results on the Iron Coils 

 

 

Figure 35: Screen of the Network Analyzer with the Iron coils connected 

And, after extracting the data: 

 

Figure 36: Exported data of the Iron coupled coils 
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In this case the results obtained were not such accurate as with the Aluminium coils but 

they don’t need to be exact values, just an approximation to later consider which coils would 

the system use. This experiment was also useful to review the viability of the project itself. 

If the link experimented a big attenuation, it would be hard to achieve a correct modulation 

without errors, since the link would introduce noise and amplifying the signal would also 

mean amplifying the noise, leading to possible errors. But since the inductors studied show 

a potential transmission system at around 50 MHz, the modulation must be designed.  

4.2. Modulation of the signal  

 

Two oscillators with a fast multiplexer would perform the FSK modulation of the signal, 

when connecting the data input to the selector pin of the multiplexer.  

As studied in the methodology section, the MAX2605 was chosen as the oscillator, and the 

ADG3248 was chosen as the fast multiplexer. The circuit corresponding to the MAX2605 

oscillator was mounted as its datasheet suggested in Figure 10. The oscillation of the IC is 

achieved by different values of 𝑉𝑇𝑈𝑁𝐸  and the inductor 𝐿𝐹 . Checking the values in the 

graphics of the datasheet (see Annex I), an inductor of 1.5uH is decided to be used with a 

tuning voltage of 3.6V. Both oscillators were mounted with different 𝑉𝑇𝑈𝑁𝐸  to achieve the 

mark and space frequencies needed for the FSK modulation. 

 A bypass capacitor between 𝑉𝑇𝑈𝑁𝐸, Vcc and ground was needed, of a value greater than 

820 pF, as the datasheet indicated. The 1 nF capacitor is a DC decoupling capacitor. As 

can be seen in Figures 36 and 37, a good oscillation is achieved and the frequency remains 

stable, which means that the MAX2605 is suitable for our application. 
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Figure 37: Used circuit to get the oscillation from the MAX2605 

 

 

 

Figure 38: Mounted circuit in the stripboard 
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Figure 39: Output of the first oscillator, getting 45 MHz 

 

Figure 40: Output of the second oscillator, getting 53 MHz 
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Table 5: Obtained values at the outputs of the 2 oscillators mounted 

 

Even though a 55MHz oscillation was wanted, with the proposed 𝑉𝑇𝑈𝑁𝐸 and 𝐿𝐹 values the 

maximum oscillation obtained was 53 MHz. This will make the signals loose the 

orthogonality that it was wanted to achieve, but since both frequencies are enough spaced 

to ensure a correct demodulation by filtering, it was decided to use the parameters shown 

in Table 5 and remain with a 45 MHz mark frequency and 53 MHz space frequency. Also, 

the difference of amplitude between both signals won’t be a problem since the 

demodulation is going to be performed based on the frequency of the signal, not on the 

amplitude.  

To perform the modulation and switch 

between signals, the ADG3248 is used. 

The multiplexer does not need any 

additional circuitry and the inputs, which 

are our oscillators at 45 and 53 MHz, can 

be directly connected to the pins A0 and 

A1. As selector, the IN pin, the data signal 

will be used. Besides that, a bypass 

capacitor between the supply and ground 

was connected. When having a digital ‘1’ in 

the IN pin, the multiplexer will output the 45 

MHz mark frequency. When having a 

digital ‘0’, it will output the 53 MHz space 

frequency. 

 

 

 Desired 45 MHz oscillator Desired 55 MHz oscillator 

Vcc 2.8V 2.8V 

𝑽𝑻𝑼𝑵𝑬 1.8V 3.6V 

Real Output frequency 45MHz 53MHz 

Output amplitude 23mV 21mV 

Inductor used 𝑳𝑭 1.5uH 1.5uH 

Figure 41: Mounted circuit of the oscillator and 

multiplexer 
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Figure 42: Schematic of the oscillators and multiplexer mounted 

 

Figure 43 Modulated signal obtained at the output of the oscillator 

After realizing that the multiplexer was correctly modulating the signal, an amplifier stage 

was needed, as the output signal had a 20mV peak-to-peak voltage. The outputs of the 

oscillators had approximately 40mV peak-to-peak voltage, but connecting them to the 

multiplexer applied some loading effects due to impedance mismatching and the signal 

was reduced to the 20mV peak-to-peak voltage.  
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The expected value was actually 40 mV peak-to-peak, as seen in the methodology section. 

As the formula in the datasheet of the MAX2605 suggested, the peak to peak voltage of 

the output with the ADG3248 as load was 40 mV.  Also, the frequency response of the 

coupled coils had already been studied before and it is known that they would apply 

approximately a 15 dB attenuation to our designed FSK modulated signal. The modulated 

signal’s amplitude has decreased and the attenuation of the link turns out to be greater 

than expected. That is why it was concluded that, as studied in the methodology section, 

an amplifier stage was needed to connect the modulator to the coils link.  

The AD8353 was chosen to perform the amplification of the signal before connecting it into 

the channel. It allows a frequency range from 1 MHz to 2.97 GHz and has a fixed gain of 

20 dB when it has a power supply of 5V. The circuit needs a bypass capacitor at its supply 

pin and decoupling capacitor at the input and output. The evaluation circuit shown in the 

datasheet was mounted.  

The AD8353 also permits to be supplied with 3V. In this case, an inductor must be placed 

between pins 7 and 6. But since it had a 20dB fixed gain at a 5V supply, this was the supply 

choice taken. After connecting the amplifier stage to the modulated signal, the output of the 

multiplexer has been greatly amplified from 10mV amplitude to 100mV amplitude: 

 

 

Figure 44: AD8353 pin scheme 
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Figure 45: Amplified modulated signal without any load connected 

 

As it can be seen, the amplitude has had a 20 dB amplification, which in linear scale means 

of multiplying the amplitude by 10, and the peak-to-peak voltage of the modulated signal 

went from 20 mV to 200 mV. The signal is also clean enough and the sinewaves can be 

easily distinguished, without any major distortion. Now that the amplitude was enough to 

connect it to the coupled inductors, the response of the channel was evaluated. 
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4.3. Connection to the inductive link 

 

 

Figure 46: Connection of the modulator with the coupled coils 

 

 

Figure 47: Amplified modulated signal with the coupled coils loaded the modulator 
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Now the link is connected to the modulator and the first effects are observed. As studied in 

the methodology section, the amplitude of the modulated signal at the primary side of the 

circuit has decreased and has now a peak-to-peak voltage of 100 mV. It also has been 

distorted due to the reflections of the signal because of not installing an impedance 

matching network. Taking a look to the signal received at the secondary side of the coils 

link, the following signal is obtained. 

 

Figure 48: Received signal at the secondary side of the coupled coils 

 

The attenuation of the coils had been studied to be 10 dB but, after designing our FSK 

modulation, it will be closer to 15 dB for both formant frequencies. That means the signal 

will have a dividing factor of around 5, which matches with the received signal, as it has 20 

mV peak-to-peak voltage, against the emitted signal, which had 100 mV.  

The designed demodulator used filters which would even decrease more the amplitude of 

the signal. That means that including another amplifying stage at the secondary circuit is 

necessary, before starting demodulating. It would also be desirable to receive a cleaner 

signal, without any distortion. That is why it is being implemented a low-pass filter to the 

modulator, after amplifying, right before connecting it to the coils.  
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The design is a simple RC low-pass filter with a cutoff frequency of 70 MHz approximately, 

as we want to keep our mark and space frequencies.. 

𝑓 =
1

2𝜋𝑅𝐶
                   𝑅 =  33Ω      𝐶 = 68𝑝𝐹     𝑓 ≅ 70 𝑀𝐻𝑧 

Applying a filter results in a slight decrease of the amplitude of the modulated signal at the 

primary circuit and the consequent decrease at the secondary side of the coils, but the 

interference applied when the modulator was connected to the coils had been removed 

from the modulated signal. 

 

Figure 49: Modulated signal after adding a low-pass filter to the modulator, after amplifying 

 

Figure 50: Clearness of the filtered modulated signal 
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As is can be seen in Figure 49, the received signal had now less distorted sine formants, 

but the amplitude remains low. The amplifier stage must be connected before filtering at 

the secondary circuit. Again, the AD8353 will be used. The results amplified the signal by 

10 again, meaning 20 dB amplification.  

 

4.4. Demodulation of the signal 

 

After that the signal was ready to be demodulated, and the demodulator circuit needed to 

be built. After checking the available choices, in the methodology section it was concluded 

that the simplest form of demodulation was the demodulation by filtering. A bank of 2 filters 

has been designed, which will split the modulated signal in two branches, corresponding 

to the formant frequencies of the modulation. The first approximation was to use a simple 

band-pass filter at each branch, centered in 45 and 53 MHz. But in the simulated signals 

obtained, the difference between both formant frequencies was not enough. That is why it 

was concluded to firstly add a stop-band filter after a band-pass filter. The responses of the 

usage of both filters were better than when using only one band-pass filter, although the 

signal had been attenuated in difference with when using only one filter. 

 

Figure 51: Bank of filters designed to obtain the split Mark and Space signals 
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Figure 52: Mounted filter banks 

 

Figure 53: Loading effects of the amplified received signal when connected to the filters. 

 

After mounting the circuit after the received amplifier stage, the recceived modulated signal 

had been added a ressonance all over the signal with a period of 5ns, which results in a 

200 MHz signal due to non-matching of impedances.  
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Reflections appeared and applied a distortion to the signal. But it could still be differenciated 

the main peaks of the signals which formed the modulated signal of 45 and 53 MHz. This 

was solved by adding a low-pass filter to remove the 200 MHz frequency at the output of 

the amplifying stage of the received signal.  

𝑓 =
1

2𝜋𝑅𝐶
                   𝑅 =  33Ω      𝐶 = 68𝑝𝐹     𝑓 ≅ 70 𝑀𝐻𝑧 

 

Figure 54: Modulator scheme until now 

 

 

Figure 55: Received modulated signal and FFT, after the amplifier stage of the demodulator 
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With this low-pass filter, the signal recovered both formants of the FSK modulation, 

although the amplitude of the signal had been decreased. Previously, after the amplifying 

stage and without any load, the signal received had a 100 mV peak-to-peak voltage. After 

low-pass filtering and connecting its output to the bank of filters, the peak-to-peak voltage 

has been decreased to 60 mV, as seen in Figure 54. Even though the amplitude was 

relatively low, the bank of filters designed still showed a good response, and the difference 

between both formant frequencies was noticeable. 

 

Figure 56: Mark signal obtained, enhancing the 45 MHz formant and attenuating the 53 MHz 
formant 
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Figure 57: Space signal obtained, enhancing the 53 MHz formant and attenuating the 45 
MHz formant 

 

As is can be seen in Figures 55 and 56, the signals were now split in both branches 

depending on the formant frequency of the modulated signal, although the separation was 

not as much as the simulated. However, the band-stop and band-pass filters attenuated 

the signal to a 10 mV peak-to-peak voltage.   

It has been found out that the filters apply approximately a 12 dB attenuation to the 

modulated signal received, having a 15mV versus the 60 mV input peak-to-peak signals at 

the outputs. Another amplifying stage was needed at every branch. Connecting two 

amplifiers at the output of each filter bank provided two clean and wide enough signals, in 

amplitude meaning, to work with.   
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Figure 58: In green, the Mark signal amplified. In blue, the Space signal amplified. Both are 
time interlaced. 

 

 Mark signal Space signal 

Meaning Filtered modulated signal 
that contains the amplified 
45 MHz formant and the 
attenuated 53 MHz.  

Filtered modulated signal 
that contains the amplified 
53 MHz formant and the 
attenuated 45 MHz. 

Modulated signal amplitude 30 mV 

Amplitude before amplifying 15 mV 5 mV 

Amplitude after amplifying 40 mV 15 mV 

Differential to the attenuated 
frequency 

20 mV 20mV 

Table 6: Amplitudes of Mark and Space signals at different stages of the circuit 

 

At this point have both frequencies are separated in different branches in the circuit. The 

next step would be to compare both signals, but they could not be compared right after 

amplifying, as they were AC sinewave signals. The waves of the signals clearly showed 

that one formant frequency was greater than the other formant frequency.  
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For instance, at the output of the first branch of filters, the Mark signal had the 45 MHz 

clearly predominant over the 53 MHz frequency and vice versa at the second branch, the 

Space signal. But those are sinewave signals that are constantly interlaced and cannot be 

directly compared. There has be to be performed an amplitude comparison and that is why 

it was required to add an AC to DC stage.  

 

Figure 59: Interlaced Mark and Space signals, after amplifying 

 

For simplicity, the stage chosen was an envelope detector, which, when choosing the 

correct resistor and capacitor values, would output the envelope of the signals at the input 

of it. But the envelope detector needs a diode with some specific forward voltage. The 

peak-to-peak voltage of the filtered and amplified signals was 50mV, as seen in Figure 58, 

which was not enough to exceed the forward voltage of a diode, typically 0.7V. The solution 

implemented was to apply a DC offset to the signal. A tension divider consisting in two 

resistors of 56Ω was connected in parallel to the output of the amplifier stages which 

already had a decoupling capacitor at their outputs. The DC offset applied was 

approximately of 1V, which was enough to surpass the forward voltage of a regular diode. 



 

 64 

The 1N4148 was chosen to be used at the circuit, and the resistor and capacitor values 

found were the following: 

𝑅 = 1800 Ω         𝐶 = 220 𝑝𝐹         𝐹𝑜𝑟𝑤𝑎𝑟𝑑 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 1N4184 ≤ 1 𝑉    

 

Lower values would make the output signal sticks to the input signal, while greater values 

would make that the output does not adapt correctly to amplitude decrease in the input 

signal, resulting in a peak detector. With the values previously found by simulation, the 

results obtained were the following. 

 

Figure 60: In blue, the output of the envelope detector when the input is the green signal 

(Mark signal).  
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Figure 61: In green, the output of the envelope detector when the input is the blue signal 

(Space signal). 

 

The envelope of the signals has correctly been extracted, but some of the oscillation is still 

remaining. As it is wished to compare both signals, the oscillations must be as much as 

possible decreased. A simple low-pass filter should decrease the remaining oscillation 

coming from the input. It has been designed with the following values: 

𝑓 =
1

2𝜋𝑅𝐶
                   𝑅 =  330Ω      𝐶 = 68𝑝𝐹     𝑓 = 7 𝑀𝐻𝑧 
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Figure 62: DC offset applied, envelope detector and low-pass filter schematic 

 

Figure 63: Interlaced envelopes of the Mark (in green) and Space (in blue) signals 

 

The resulting signals shown in Figure 62 clearly show that the oscillation has been reduced, 

and the signals are now ready to be compared. There might be a bit of interlacement in 

transitions between both signals, but the result won’t change much. After setting that the 

comparator to be used was the AD8561, it was mounted to the stripboard.  
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The AD8561 is a fast, 7ns comparator. Taking into account that the maximum data rate the 

system will have is 10 Mbps, and that that results in a bit time of 100 ns, a 7ns comparator 

is totally suitable for our application. The comparator outputs a high value when the 

noninverting input is greater than the inverting input, it outputs a low value when the 

inverting overpasses the noninverting input. The results obtained with the comparator were 

the following. 

 

Figure 64: In blue, the demodulated data recovered, compared to the original data stream in 

green. 

 

 

Figure 65: General demodulator schematic 
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Figure 66: In purple, the demodulation of the original data signal in yellow, by using the 
signals in blue and green that come from filtering the modulated signal at Mark and Space 
frequencies. 

 

The signal has been correctly demodulated. As explained before, the envelopes had still a 

remaining sinewave component, which make the transition between both signals don’t 

have a precise form. That is why there is some distortion of the signal in transition between 

symbols that could be easily solved by adding hysteresis to the comparator Also, the test 

signal has been a 1 MHz square wave signal. The circuit was designed for a 5 MHz square 

signal, which corresponds to a 10 Mbps data rate, but the results obtained were not fully 

accomplished. As said at the start of this section, it may have been because the circuit was 

mounted in a stripboard, not in a PCB. The distances between components were tried to 

be made as short as possible, but still, designing and mounting a customized PCB instead 

of using a prototyping PCB would result in better performance, and achievement of higher 

data rates. A better coupling of the coils could also be achieved, resulting in less attenuation 

of the link. 

Besides that, the objective of designing an inductive link for high rate data transmission 

has been accomplished. In the Annex III, some results can be found of the output recovered 

signal when the data frequency was increased, in steps of 500 KHz. 
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5. Budget 

 

List of components 

 

 Component Units 

bought 

Units 

used 

Unitary 

price (€) 

Bought 

total (€) 

Used 

total (€) 

Provider 

 MAX2605 4 3 2.16 € 8.64 € 6.48 € Mouser 

 ADG3248 2 1 1.95 € 3.9 € 1.95 € Mouser 

 AD8353 5 4 1.1 € 5.5 € 4.4 € Arrow 

 AD8561 1 1 4.26 € 4.26 € 4.26 € Farnell 

 Passive Components 50 50 10 € 10 €  10 € Farnell 

        

 Total sum ………………………………. 32.3 € 27.09 €  

        

List of software used 

 

     LTSpice XVII license ……………………………………………….Freeware  

     WebPlotDigitizer …………………………………………….....Freeware  

        

Hours dedicated 

  Total weeks Days per week Hours / day Cost / Hour 

 Junior Engineer  16 5 6 10 € 

        

 Total hours worked:  …………………………………………...... 480  

 Total Salary …………………………………………...... 4800 €  

        

        

 Total Project cost …………………………………………… 4832.3 €  
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6. Conclusions and future development 

 

The main objective of this project was the capability of data transmission and recovery at 

a 10 Mbps data rate over an inductive link. Multiple transmission methods could be used, 

concerning the channel used, such as WiFi or Blueetooth. But in industrial environments 

the device would be affected by interference, which may lead to detection errors. Also, the 

usage of a network without any external users that could access to it was wished, in order 

to perform a secure transmission. That is why it was decided to use an inductive link which 

could be able to transmit information up to 10 Mbps using a modulation of the original data 

stream.  

An FSK modulation and demodulation has been successfully mounted and tested, and the 

data recovered is the correct data stream. The frequency analysis of the coils made the 

system had to use high frequencies, as the inductors had its minimum attenuation at 

approximately 50 MHz. Taking that into account, the FSK designed used 45 and 53 MHz 

as Mark and Space frequencies. Two oscillator integrated circuits would perform the 

oscillation and a multiplexer would create the modulated signal when having the data 

stream as selector pin. As demodulator, a filter bank has been designed, which would split 

the received modulated signals depending on the frequency component that they have. 

After an AC to DC stage in order to being able to compare both filtered signals, a fast 

comparator has been used, and outputs a digital 1 when the 45 MHz formant is greater 

than the 53 MHz frequency formant, and outputs a digital 0 when vice versa.  

Besides that, connecting different stages of the circuit applied some loading effects and 

distortion to the signal that must be taken care of. Two low-pass stages have been added 

to the circuit, as it showed some resonance when connecting the modulator to a reactive 

load, such as the filters or the coupled inductors link. The amplitude was decreased not 

only because of the loading effects, but also because of the circuit design, as it had multiple 

filtering stages. Several amplifying stages had to be placed strategically to ensure that all 

the parts of the circuit would be properly working.  
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Working with high frequency components in the VHF spectrum made the wirings in the 

circuits had to be the shortest possible, to avoid the parasitic inductance of the wires. 

Although designing and mounting a customized PCB was not one of the planned main 

objectives of the project, the usage of it would have improved the response of the circuit, 

being able to raise the speed of the link.  

 

The circuit is correctly working up to 6 Mbps but 10 Mbps might have been achieved by 

mounting a PCB. The circuit was designed to work with 10 Mbps and better coupling of the 

coils, montage of a customized PCB and usage of impedance matching networks would 

improve its functionality. Besides that, it was decided that the main goal was to design a 

working inductive link, with the modulation and demodulation of the data signal. With the 

remaining available time, once the project was finished and mounted in prototyping PCBs, 

the circuit could be improved with the further development steps described below.  

 Designing two PCB, for the modulator and demodulator. 

 Applying impedance matching networks, to avoid distortion of the signal due to 

resonance. 

 Filtering the received signal to reduce the distortion in the transition between 

data symbols, depending on the desired speed of the link.  

 Check proper materials for the coupled coils, and further tests to improve the 

link and decrease its attenuation 

 Amplifying the received signal with a variable instead of a fixed gain amplifier. 

The purpose of this step would be having a fixed amplitude modulated signal at 

the receiver side. For coupled coils the shifting in between causes amplitude 

fluctuations which could be removed by the variable gain amplifier.  

 

As previously stated, time available of the project was limited and the further development 

steps described were time-requiring. But after achieving a correct modulation and 

demodulation of a high rate data signal over an inductive link, the project was considered 

to be concluded.  
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Annex I: Inductor values of the MAX2605 

Graphic showing the required inductor value for the MAX2605 IC.  

 

 

Figure 67: Inductance required versus frequency graphic 
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Annex II: Proof of orthogonality 

Orthogonality proof for a non-coherent FSK modulation. The orthogonality of two signals is 

assumed when their dot product is zero. 

𝑠1(𝑡) = 𝑐𝑜𝑠(2𝜋𝑓1𝑡)       𝑠2(𝑡) = 𝑐𝑜𝑠(2𝜋𝑓2𝑡)      ∫ 𝑠1(𝑡)𝑠2(𝑡)𝑑𝑡 = 0
𝑡2

𝑡1
       

∫ cos(2𝜋𝑓1𝑡 +  𝜃) cos(2𝜋𝑓2𝑡) 𝑑𝑡 = 0

𝑇

0

 

 

cos(𝜃) [
sin(2𝜋(𝑓1 + 𝑓2)𝑇)

2𝜋(𝑓1 + 𝑓2)
+

sin(2𝜋(𝑓1 − 𝑓2)𝑇)

2𝜋(𝑓1 − 𝑓2)
] 

+sin(𝜃) [
cos(2𝜋(𝑓1 + 𝑓2)𝑇) − 1

2𝜋(𝑓1 + 𝑓2)
+

cos(2𝜋(𝑓1 − 𝑓2)𝑇) − 1

2𝜋(𝑓1 − 𝑓2)
] = 0 

 

 𝐴𝑠𝑠𝑢𝑚𝑖𝑛𝑔 𝑡ℎ𝑒 𝑓𝑜𝑙𝑙𝑜𝑤𝑖𝑛𝑔 𝑖𝑑𝑒𝑛𝑡𝑖𝑡𝑖𝑒𝑠:      𝑠𝑖𝑛(𝑛𝜋) = 0;     cos(2𝑛𝜋) = 1      𝑇ℎ𝑒𝑛: 

 

cos(𝜃)
sin(2𝜋(𝑓1 − 𝑓2)𝑇)

2𝜋(𝑓1 − 𝑓2)
+ sin(𝜃)

cos(2𝜋(𝑓1 − 𝑓2)𝑇) − 1

2𝜋(𝑓1 − 𝑓2)
= 0 

 

 𝐴𝑠 𝑤𝑒 𝑎𝑟𝑒 𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑖𝑛𝑔 𝑎 𝑛𝑜𝑛𝑐𝑜ℎ𝑒𝑟𝑒𝑛𝑡 𝐹𝑆𝐾 𝑚𝑜𝑑𝑢𝑙𝑎𝑡𝑖𝑜𝑛,  

𝑎𝑛𝑑 𝑡ℎ𝑒𝑟𝑒 𝑖𝑠 𝑛𝑜 𝑝ℎ𝑎𝑠𝑒 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑏𝑜𝑡ℎ 𝐹𝑆𝐾 𝑓𝑜𝑟𝑚𝑎𝑛𝑡𝑠: 

 

sin(2𝜋(𝑓1 − 𝑓2)𝑇)

2𝜋(𝑓1 − 𝑓2)
= 0       𝑎𝑛𝑑, 𝑠𝑖𝑛𝑐𝑒 sin(𝑥) = 0 𝑤ℎ𝑒𝑛 𝑥 = 𝑛𝜋,      2𝜋(𝑓1 − 𝑓2)𝑇 = 𝑛𝜋  

𝑓1 − 𝑓2 =  
𝑛

2𝑇
 

Finally, the orthogonality condition is found:  
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∆𝑓 =  
𝑛

2𝑇
 

 

 

 

Annex III: Demodulation results 

Results on the demodulated signal when increasing the data signal’s frequency, from 1 to 

5 MHz, in steps of 500 KHz. In green, the original data stream, in blue, the demodulated 

signal. 

 

Figure 68: In green, recovered data signal, compared with the original data stream in blue. 
Frequency of 1 MHz.  
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Figure 69: In green, recovered data signal, compared with the original data stream in blue. 
Frequency of 1.5 MHz. 

 

Figure 70: In green, recovered data signal, compared with the original data stream in blue. 
Frequency of 2 MHz. 
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Figure 71: In green, recovered data signal, compared with the original data stream in blue. 
Frequency of 2.5 MHz. 
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Figure 72: In green, recovered data signal, compared with the original data stream in blue. 
Frequency of 3 MHz. 

 

 

Figure 73: In green, recovered data signal, compared with the original data stream in blue. 
Frequency of 3.5 MHz. 
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Figure 74: In green, recovered data signal, compared with the original data stream in blue. 
Frequency of 4 MHz. 

 

 

Figure 75: In green, recovered data signal, compared with the original data stream in blue. 
Frequency of 4.5 MHz. 
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Figure 76: In green, recovered data signal, compared with the original data stream in blue. 
Frequency of 5 MHz. 

 

As it can be seen in the provided results, the circuit is not correctly working with a 5 MHz 

square signal as data input. One of the main causes is the increasing noise when the 

frequency was greater. Also, as stated previously, the usage of customized PCBs could 

have improved the results obtained and make the link faster. It has been analyzed where 

the signal was falling, as the circuit was designed to work with data rates up to 10 Mbps, 

which corresponds to a square signal of 5 MHz. The modulator IC, the ADG3248, works 

fine, and the signal obtained after amplifying its output has both formant frequencies 

modulated. 

 

Figure 77: Amplified modulated signal with a data stream of 10 Mbps and its FFT 
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The FFT was set with a center frequency of 50 MHz and a Span of 20 MHz. Both frequency 

formants can be observed at 45 and 53 MHz. However, the FFT shows a peak at 

approximately 50 MHz, which may correspond to some resonance due to the connection 

of the coupled coils. As the impedance of the coils has not been matched, some reflections 

are received, which may conclude in an interference.  

After checking the received signal, also after amplifying, the following results were found. 

 

 

Figure 78: Amplified received signal at the secondary circuit and its FFT 

 

As it can be seen in the Figure 77, a modulation can be observed, and the 53 MHz peak 

still remains. But the 45 MHz formant, also distinguished, is at the same level than other 

interferences or harmonics. Again, these results are attributed to the avoidance of using 

impedance matching networks. The modulated received signal observed in Figure 77 is 

connected to the bank of filters without matching their impedance. The impedance 

matching network not only achieves transmitting the maximum power to the load, but also 

deletes the reflections of the signal which may produce interferences.  

 

That is why it has been concluded that the circuit is correctly designed, and that it may 

properly work at the required data rate with two impedance matching networks, one for the 

coupled coils, and another one for the connection to the bank of filters. 

 

  



  

 

 

 

Annex IV: Circuit Schematic 
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