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1. Executive Summary

First of all, A plan was made to plan out what parts of the report would be done first. then
suitable research was gathered on amplitude modulation and frequency modulation and ADC
technical characteristics to use as background knowledge for the rest of the report. A plan was
made to plan out what parts of the report would be done first. The frequency modulation
experiment was carried out using feedback instruments equipment and suitable results were
gathered. Then experiment 2 was carried out which was analogue to digital conversion and
suitable results were gathered. An overall analysis, evaluation and conclusion were written up

to sum up the results gathered and what evidence was found.
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2. Research

Modulation is a technique in electronics for processing information e.g. voice music pictures
or data. This is done by on a radio-frequency carrier wave by varying the characteristics of the
wave in compliance with the information signal. There are many different types of modulation
each designed to change a characteristic of the carrier wave. The most common

characteristics are amplitude, frequency, phase, pulse sequence and pulse duration.

Amplitude modulation Technical Characteristics.

Amplitude modulation (AM). Is commonly used in broadcasting over radio frequencies and
telephony and data transmission systems. It is still widely used today has it has high fidelity.
“With AM, the instantaneous frequency varies according to changes in amplitude of one or
more input signals that represent information”. (Keysight, 2023) This occurs when the
message signal modulates either the phase or the amplitude of the carrier wave. AM signals
don’t work over long distances due to the noise they produce they also won't work with low
quality audio equipment.

There are three different types of Amplitude Modulation single-sideband modulation (SSB)
Hum modulation and QAM (Quadrature AM)

QAM is a digital communication technique that can use two carrier waves which are in-phase
and quadrature to carry the data. This technigue is used in Wi-Fi signals and tv broadcasts.

SSB is a type of amplitude modulation that can be used to transmit information only one
sideband of the modulated carrier wave is transmitted. “A carrier wave of a specific frequency
transports an information-bearing signal in the case of SSB transmission, this carrier is
suppressed, and the transmission consists of only the upper or lower sideband”. (Keysight,
2023)

Hum modulation. Refers to the background noise that is sometimes heard when using AM
radio. The devices antenna captures the carrier wave form aradio station and sends it through
the intemnal circuitry, which can be disrupted by various factors such as inductive loads and

stray signals. This will distort the information being received.




Frequency modulation technical characteristics.

“Frequency Modulation is a modulation in which the frequency of the carrier wave is altered in
accordance with the instantaneous amplitude of the modulating signal, keeping phase and

amplitude constant”. (Heavy.Al, 2023)

Frequency modulation index is always over 1 this requires the bandwidth to be in the range of
200kHz and it operates in a very high frequency range between 88 to 108 Megahertz. It has
a complex circuit with an infinite number of side bands and can receive a high-quality signal
with very high-quality sound.

Frequency modulation (FM) signals can be generated by using direct FM. Which can be done
by sending a message into a voltage-controlled oscillator. They can also be generated by
using indirect FM which is done by integrating a message signal to generate a phase-
modulated signal. Which can then be used to modulate a crystal-controlled oscillator. The
result of these methods is then transmitted to a frequency multiplier which then produces an
FM signal.

Frequency modulation has many uses which include FM radio broadcasting, radar, two-way

radio systems and video transmission systems.




ADC technical characteristics

ADC's can follow a sequence when it needs to convert analog signals to digital. First, they
sample the signal and then quantify it which determines the resolution of the signal. Where it

can then set the binary values which in turn is sent to the system which reads the digital signal.

The ADC's sampling rate is directly tied to the ADC's speed. The sampling rate is measured
by using samples per second. This means how many samples are taken per second the more
samples the ADC can take the higher the frequency it can handle. This determines how often
the analog input signal is measured and transformed into a digital value. Measurements can
be taken more often when the sample rate is higher compared to when the sample rate is

lower.

The range of the ADC is known as converters valid conversion range and its terms are full-
scale and +full-scale. When the -full-scale point is set at 0 volts the range changes to unipolar
but when the range is bipolar the -full-scale value reflects the +full-scale value as a negative
voltage.

“The smallest difference in the analog input signal that an ADC can detect is referred to as
resolution in this context. In essence, it refers to how many distinct levels the ADC can

represent”. (monolithicpower, 2024)

Bit Length Levels Step Size (5V Range)

256 19.53mV

10-bits 1024 4.88 mV
12-bits 409 1.22mV
16-bits 65536 76.29 pVv
18-bits 262144 19.07 uv
1048576 4.76 uv

16777216 0.298 pv

Figure 1 Bit length with levels and voltage step size.

Figure 1 above shows the bit length with how many levels it can read. As the bit length
increases the step size gets more accurate.




3. Planning and Reflection

First of all, suitable research will be acquired which involves research into Amplitude
modulation, Frequency Modulation and ADC's. this is done to gather important knowledge
which will help to carry out the experiments and further understand what is being done. An
experiment will then be conducted on Fregquency modulation. After this is done an experiment
will be conducted on analogue to digital conversion. Suitable results will be gathered from
these experiments and will be critically analysed and evaluated. Lastly an overall conclusion

will be made to highlight the findings and stress the major points.




4. Experiment 1 Method — Frequency Modulation

A 455kHz carrier has an amplitude of 375mV and is frequency modulated by a 10kHz sine-

wave signal of amplitude 2V.
When a modulator has an FM transfer characteristic of 20kHz.
Calculating the maximum frequency deviation.

20kHz x 2 = 40kHz

Calculating the modulation index.

40kHz _ A
10kHz ~

Calculating the component amplitude values using a Bessel table.

JO = 0375 x0.4 =0.15
J1= 0375 x 0.07 =0.135
J2= 0375 x0.36=0.20625
J3= 0375 x0.43=0.16125
J4= 0375 x0.28 =0.105
J5= 0375 x0.13 =0.04875
J6= 0375 x0.05=0.01875

J7=0.375 x0.02=0.0075




Sketch of a frequency diagram with bandwidth indicated on the waveform.

Bard width - far v

Figure 2 Sketch of a frequency diagram with bandwidth indicated on the waveform.

A Picoscope will be used which will provide oscilloscope and frequency meter functions.
A 52-100A signal source module was connected to a 52-200-Q power supply module.

The Picoscope was set to channel A to show the frequency in the measurements and was
connected to the 0dB output of the signal source module 52-100-A. the modulation generator
was then set to deliver a square-wave output at about 1kHz, whilst the output amplitude was
initially turned down to 0 and connected to zero and connected to the input of the Bx control.
The Picoscope was then set to channel B to show frequency and peak to peak measurements
and was connected to the output of the modulation generator.

On the 52-100-A signal source module the attenuator was set to 0dB and the sensitivity control
B was set to the maximum. The frequency control C was set to the roughly 455kHz. Using the
frequency meter the frequency on channel A was roughly set to 455kHz as seen in figure 3 In

the results, The modulation generator was set to 1Hz at 2V-p-p. The amplitude needed to be
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set but channel A needed to be tumed off and the frequency needed to be temporarily set to
100Hz on the modulation generator.

The modulation generator was then carefully adjusted so that the oscilloscope measures it at
6V peak to peak. Then the B control on the signal source module was adjusted until the
deviation was about 60kHz. The signal source module peak to peak voltage from the

modulation generator sets the frequency deviation as seen below.
6Vp-p deviation is 60kHz.

4Vp-p deviation is 40kHz.

2V/p-p deviation is 20kHz.

This is effectively setting the transfer characteristic to 10kHz per volt.
This can be seen in figure 4 in the results.

Displaying the side frequencies.

On the 52-100-A signal source the B control was not disturbed whilst the control for A was set
at 0.2 and the manual frequency control C was left at 455kHz. The variable attenuator was set
to 0dB, the output of the module generator was set to 10kHz at 2Vp-p as seen in figure 4 in
the results. The picoscope was set to channel A and spectrum analyser mode was used with
the scale set to linear. Figure 5 shows the Frequency spectrum test 10kHz. Further results
were gathered by changing the message frequency to 5kHz. As seen in figure 6 in the results.
Figure 7 shows the carrier wave at 5kHz. Whilst figure 8 shows the frequency spectrum when
changing the message frequency to 5kHz.

After going through this method, it was noted that the frequency on channel A was alternating

back and forth between two distinct values.
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5. Experiment 2 Method — Analoque to Digital
Conversion

Specification of ADC = 10000 samples / second and range = 5Vp-p

Initial settings of ADC

Measurements were added to the picoscope to display the input and output frequencies and
the input and peak to peak voltage. Then the signal generator was adjusted for zero DC offset.
The data source switch was then set to ADC. Also, the corrected data switch on the data
receiver was set to uncorrected. The data source module and the data receiver module were

both constantly checked they were at the same number of bits.

The ADC was set to 4 bit and the generator was set for an input frequency of 100Hz 4Vp-p.

This can be seen in figure 9 in the results.

The ADC was set to 8 bit and the generator was set for an input frequency of 100Hz 4Vp-p.

This can be seen in figure 10 in the results.

Effect of changing the input amplitude

The ADC was set to 4 bit and the input frequency was set to 100Hz and the amplitude was
reduced to a minimum. The amplitude was slowly increased to 6Vp-p. The results can be seen
in figures 11 to 14 in the results. The interval between guantisation levels were measured

using the picoscope cursors this can be seen in figure 15 in the results.

The ADC was set to 8 bit and the input frequency was set to 100Hz and the amplitude was
reduced to a minimum. The amplitude was slowly increased to 6Vp-p. The results can be seen
in figures 16 to 19 in the results.

12




Effect of changing the input frequency

The ADC was set to 8 bit and the input frequency was set to 1kHz at 4Vp-p, the frequency
was then increased to 4kHz in 1kHz steps, and the frequency was observed on the output of

each setting. This can be seen in figures 20-23 in the results.

The input frequency was then increased in 200Hz steps to 6kHz. This can be seen in figures
24-33.

The input frequency was then increased in 1kHz steps to 10kHz. This can be seen in figures
34-37.

13




6. Results
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Figure 3 Carrier wave centre frequency of 455kHz, 32kHz deviation.
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Figure 25 200Hz steps 4.4kHz 8 bit.
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3937V 4026V 397V 286mV 20 Whole trace
A Frequency |4.601k.. 4.599k.. 4.607k. 4604k. 2067Hz 20 Whole trace
B PeakToPeak 4015V 379V 4015V 3952V 8585mV 20  Whole trace
B Frequency 5.004k. 4438k. 5004k. 4611k. 2582Hz 20 Whole trace
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Figure 26 200Hz steps 4.6kHz 8 bit.
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3981V  3559mV 20 Whole trace
A Frequency 4802k. 48kHz 4806k. 4803k. 1444Hz 20 Whole trace
B Peak ToPeak 4015V 2301V 4061V 3731V  5069mV 20 Whale trace
B  Frequency 5.005k.. 3.338k.. |501kHz 4.832k.. 405Hz 20 Whole trace
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Figure 27 200Hz steps 4.8kHz 8 bit.
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Peak To Peak 3981V 3937V 4026V 3 2942mV 20 Whole trace
A Frequency 5027 k. 5024k. 5028k. 5026k. 1087Hz 20 Whole trace
B PeakToPeak 3.339V 5414.. 4106V 2876V 1131V 20 ‘Whole trace
B Frequency 5.001 k.. 1427 k.. 5003 k.. 4822k. 7989Hz 20 Whole trace
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Figure 28 200Hz steps 5kHz 8 bit.
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4026V 3972V 3T mV Whole trace
A Frequency 5203 k. 5.201k. 5205k. 5203k. 1474Hz 20 Whole trace
B PeakToPeak 4061V 2166V 4061V 354V 719mV 20 Whole trace

B Frequency 5.005k. 4.286k. 5011k. 4791k. 3228Hz 20 Whale trace
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Figure 29 200Hz steps 5.2kHz 8 bit.
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A Peak ToPeak 3937V 3937V 4026V 3979V  30.74mV 2 Whole trace
A Frequency 5402 kHz 5.396 kHz 5402 kHz 5398 kHz 169Hz 20 Whole trace

B Peak To Peak 4015V 379V 4061V 3991V 7389mV 20 Whole trace

B
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Frequency  5.008 kHz 4. 2'.’7 kHz 5.011 kHz 4.617 kHz |325.8 Hz 20 Whole trace
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Figure 30 200Hz steps 5.4kHz 8 bit.
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Figure 31 200Hz steps 5.6kHz 8 bit.
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Peak To Peak 3.937V 3937V 4026V 3977V

A Frequency 5.821kHz 5819 kHz |5.823 kHz 5.821kHz 9994.. |20
B Peak ToPeak 4061V 379V 4061V 3984V Te2mV 20
B Frequency 4.283 kHz 3.756 kHz |4.992 kHz 4.352 kHz 355.5Hz 20

‘Whole trace

Whole trace
Whole trace
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Figure 32 200Hz steps 5.8kHz 8 bit.
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3937V 4.026V 20 Whole trace
A Frequency 6.01kHz 6.008 kHz 6.014 kHz 6.01kHz 1.554Hz 20 Whole trace
B Peak To Peak 3835V 37V 3925V 3819V 691 mV 20 Whoale trace
B Frequency |4kHz 375 kHz | 4.285 kHz 4.048 kHz 196.3 Hz 20 Whole trace
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Figure 33 200Hz steps 6kHz 8 bit.
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A Peak To Peak 3981V 3937V 4.026V 3986V 3216 mV Whole trace
A Frequency  7.013 kHz 7.009 kHz 7.022 kHz 7.016 kHz 2.975Hz 20 Whale trace
B Peak To Peak 379V 3158V |4.106V 3835V 1925mV 20 Whole trace
B
ey

Frequency  3.323 kHz 2513 kHz |3.326 kHz 3.158 kHz 3304 Hz 20 Whole trace
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Figure 34 1kHz steps TkHz 8 bit.
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Peak To Peak 3981V  3.937
A Frequency 8 kHz 7.99 kHz
B Peak To Peak 3835V 37V

B Frequency =

4.026 V .979 27.09 mV 20 Whole trace
|8.003 kHz 7.997 kHz |3.595 Hz |20 Whole trace
388V 3801V 60.15mV 20 Whole trace
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Figure 35 1kHz steps 8kHz 8 bit.
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A ;;ﬂ To Peak 3..'981 V3937V 4026V ;:)3 v 2341 mV ;D “u;’ho\e trace

A Frequency 9.037 kHz 9.025 kHz | 9.037 kHz 9.032 kHz 2922 Hz 20 Whole trace

B PeakToPeak 4061V 2712V 4061V 3334V 600mV |20 Whale trace

B Frequency —= -e == == Whole trace
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Figure 36 1kHz steps 9kHz 8 bit.
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A 26.81 mV 20 Whole trace

A Frequency 10kHz 9997 kHz 10.01kHz 10kHz 2393 Hz 20 Whole trace

B Peak To Peak 9033 mV 4501 mV 9033 mV 67.85mV 19.64 mV 20 Whole trace

B Frequency == m— g s 20 Whole trace
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Figure 37 1kHz steps 10kHz 8 bit.
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7. Analysis

In Figure 4 it shows the 2V peak to peak 10kHz message wave test. It has a 50 micro second
pulse whilst in figure 6 it shows the message frequency has changed from 10kHz to 5kHz and

it has a 100 micro second pulse. Changing the frequency changes the pulse rate.

In Figure 5 it shows the frequency spectrum test 1, it shows that it has a bandwidth of 10.14kHz
and a voltage of 46mV with a message frequency of 10kHz. Whilst in figure 8 it shows the
frequency spectrum test 2 with a message frequency of 5kHz and a bandwidth of 5.074kHz

and a voltage of 12.76mV. so, decreasing the message frequency decreases the voltage.

In figure 9 it shows the effect of changing the number of bits with an input of 100Hz at 4V peak
to peak with 4 bits, in figure 10 it shows the exact same but with 8 bits. The frequency of
channel A has a difference of 14.62mHz and the frequency in channel B has a difference of
8.6mHz. whilst the 4 bit has a 0V measurement in channel B peak to peak and the 8 bit has a
0V measurement in channel A peak to peak.

In Figures 11-14 it shows the effect of changing the input amplitude 100Hz from 4V peak to
peak to 6V peak to peak 4 bits. As the peak-to-peak voltage increases the frequency and peak

to peak of channel A and B values decrease.

In figures 16-19 it shows the effect of changing the input amplitude 100Hz from 4V peak to
peak to 6V peak to peak 8 bits. As the peak-to-peak voltage increases the frequency and peak

to peak of channel A and B values decrease.

In Figures 20-23 it shows the effect of changing the input frequency in 1kHz steps from 1kHz
to 4kHz. As the frequency is increased the peak to peak and frequency of channel A and B

values increase.

In Figures 24-33 it shows the effect of changing the input frequency in 200Hz steps from 4kHz
to 6kHz. As the frequency increases the peak to peak in channel B increase whilst the peak

to peak in channel A and B both decreases.

In Figures 34-37 it shows the effect of changing the input frequency in 1kHz steps from 6kHz
steps to 10kHz. As the frequency increases the peak to peak in channels A and B decrease
whilst the frequency in channels A decreases but the frequency in channel B does not have a

reading.

32




8. Evaluation

The Results from the Analysis show that the quality of the design overall was high. With FM
Various results were gathered. It was found that when changing the message frequency to a
lower frequency it increases the length of the pulse rate. Also, with the frequency spectrum it
half's the bandwidth and voltage. Also changing the number of bits with an input of 100Hz at
4V peak to peak lowers the frequency. In the analogue to digital conversion tests, it was found
that when changing the input frequency to 4kHz the values in channels A and B increase but
any increase in the input frequency from 6kHz to 10kHz decrease all the values in channels A
and B. one improvement could be oversampling and averaging tests to increase the resolution
of the measurements which can give more accurate readings without having to use expensive
off-chip ADC's.
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9. Conclusion

When conducting the research, it was found that ADC’s can follow a sequence when it needs
to convert analog signals to digital. First, they sample the signal and then quantify it which
determines the resolution of the signal. Where it can then set the binary values which in turn
is sent to the system which reads the digital signal. In the ADC test results, it was generally
when changing the input frequency to 4kHz the values in channels A and B increase but any

increase in the input frequency from 6kHz to 10kHz decrease all the values in channels A and
B.
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RESEARCH-INFORMED LITERATURE

[

y" There was evidence of further reading and

research and some in text referencing. Your
references were mainly appropriate to the task,
however the reference list was short and you
should increase the breadth of your research for
future assignments. There was a heavy reliance on
information gained from the course notes.

KNOWLEDGE AND UNDERSTANDING

[

y"’ The knowledge and understanding of the subject

demonstrated by this assignment was reasonably
extensive. There were very few gaps in your
knowledge of the basic principles and your
understanding of the higher level concepts was
demonstrated to a limited degree. You have
demonstrated some critical understanding of the
main concepts and expanded your knowledge
beyond that contained in the course notes,
however your explanations need to be more
detailed and written with a greater emphasis on
critical evaluation rather than description.

ANALYSIS

16

[

y" Your explanation of the experimental procedure

was good and the conclusions showed that you
can interpret quantitative and qualitative data,
although this was often descriptive. You could
have evaluated the results and specified whether

14



they concurred with theory suggesting reasons for
any discrepancies. You have however
demonstrated good analytical skills and your
approach to the task was logical. Arguments made
in the conclusions were mostly valid and
demonstrated a good understanding of the topic.
Further work - in your conclusion, you should
relate the results to the original specification and
to accepted theory.

PRACTICAL APPLICATION AND DEP.

[

yﬁr

Your application of practical skills for this task was
generally good. You used the resources available
appropriately when conducting both experiments
and you used appropriate options for testing and
evaluating the circuit performance. You managed
to evaluate that the circuits functioned within the
specification and achieved this by only asking for
assistance when appropriate. Your results were
comprehensive and allowed for a good conclusion
to be attempted.

SKILLS FOR PROFESSIONAL PRAC.

11

[

yﬁ

In this assignment you have demonstrated skills in
working individually and also collaboratively. Your
written report was generally good and contained
most of the required detail, it was also written in a
coherent and logical way. The available word count
was in the main effectively used.



