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Executive Summary

Within this task an amplifier circuit is to be created_and within in this assignment shows from the
start of the research and the calculations used for this assignment. The first task is looking into
certain components used within the amplifier circuitry and a little bit of an explanation on said
equipment. The second task is showing the design of the amplifier used within the circuit and shows
on the conditions were set and from there adding more to the circuit for example an oscillator. After
this is added simulation and testing will take place then finally evaluation of the circuit with a
conclusion.

Task 1

In this task | was instructed to research the following components for a digital circuit that we would
be creating:

e Amplifier
e Oscillator
o Negative feedback

Amplifiers:

There is a wide variety of amplifiers within the digital electronic industry what is usually used in
circuitry is a small signal amplifier, A ns the reason is they can amplify a small input signal to make it
larger. It also enlarges the level of signal that goes through the amplifier. An amplifier offers a high
input impedance and a low output impedance. they can have different operational tasks which can
make them ideal for high power, low noise circuitry. Each amplifier is chosen for different
specifications which will require a different need that is needed for that specific circuit it is being
used for.

There are a lot of different amplifiers used for example BJT, FET and OP-Amps each one has specific
roles within a circuit. BJT amplifiers have a very high gain which can vary from transistor to
transistor. The BJT is known as the Bipolar junction transistor and it is one of three basic amplifier
configurations used.

A field effect transistors (FET) uses voltage that is applied to the input terminal to a gate which then
controls the current flowing though. The FET Transistor is a three terminal unipolar semiconductor.
This also has a very high input impedance which is better than the BJT Transistor.

The third example is a Op-amp also known as a operational amplifier can be the ideal amplifier
within circuits because the gain and bandwidth can be over 100dB. The Op-Amp has 2 input and 1
output this excludes the power supply.

The three main properties that are looked for in an amplifier are:

Input resistance (Rin) - this resistance is the signal source once it has been applied to the amplifier.
The input resistance will become a load to the source. The Rin can be determined by using Ohms
Law to calculate the resistance.

Output Resistance (Rout) - this can be determined by measuring the output voltage under a no-load
condition and then a loaded condition.
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Gain - Gain of an amplifier is the key element of the equipment and this can be determined by using
the following equation.

Vout
Vin

Voltage gain ,Av =

Oscillator:

When the oscillator is a connected to a circuit it produces a continuous, alternating waveform
without any input. It can turn direct current (DC) into an alternating waveform of which frequency is
required which would be decided by the circuits design for example 200kHz. Once a capacitor
discharge and there is no current flow left within the circuit the stored electromagnetic field will
generate E.M.F which in turn creates a current flow which will travel in exact way as the current
flow.

Oscillators are put into 5 different classifications and these are:

e Feedback mechanism — positive/negative feedback

e Shape of waveform — sine wave, square and rectangular waves

e Frequency of the output signal — low, high, and very high frequency
e Frequency control used — LC (Inductors and capacitors) Oscillators
e Frequency of output waveform — fixed and variable frequency’s

Negative Feedback

Negative feedback is a process within a circuit where a fraction of the output signal is used as an
input this can be the voltage or the current. If this feedback fraction is opposite in value to the input
signal, then this is classed as negative feedback but also known as degenerative feedback.

If a change happens in the output of a circuit then the negative feedback affects the input in a way
as to counteract and correct the change which in effect prevents harm to the circuit, the feedback
reduces the overall gain of the circuit due to the open-loop gain.

Negative feedback also has effects of reducing noise, distortion to the circuit but also provides
improvement to the bandwidth and the input/output obstructions. Any feedback in a circuit is
known as unilateral meaning that the signal only flows one way, and this is output to input making a

loop gain. g ReeFf L ssancd s A
The equation to negative feedback is as follows: MNO (0 == TAT eIl
Task 2

To design a class A voltage amplifier First the power supply is needed to be chosen which is 20v
(VCC) after this was chosen, A transistor is needed with some research it was decided that a
BCJ47BG transistor for would be used for the amplifier circuit. Next, | had to find the quiescent
current, this is the current when there is no signal generated. The following calculation was used to
find this value:

Ilc=100mA

10% of 100mA = 0.01A
Therefore iq = 1mA/
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With these values the lowest available-valt irewit-can be calculated using the following:

_iq  1x1073
_ HFE 100

=1x107 = 1pA

The follow calculations where used to workout the load resistor required.

RLZ
Iq

ve =L orvee =t of 20 = 10v = rL 222 — 1kq
=3 0fVCC =3 0f 20 =10V =RL -7 =

Next the RE resistor for the circuit must be found using the following equation:

Vb =VE + 0.7V
VE =10% of 20V =2V
VB =2V +07V =27V

2.7V

RE = —
1mA

= 2700Q

Now R1 and R2 can be calculated:

Vee—VB 20V —=2.7V
1= = =17300 = 17.3kQ

IR1 1mA
RZ_VB—O_ 2.7 2 7Ka
T IR1R2 1mA  *

Next is to add capacitors to the circuit these are known as C1, C2, C3 and C4 and the values are
located below in the table.

1
T 2mx2300x900

S
Bandwidth

99.8XT0

50.1x103 = 0.01v

Vout _ 49.9x1073
Vin  99.8x10~3

0.5v Gain

Gain =
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Sima

(Figure 1)

With VCC, RL, RE etc. now in place on the circuit adding the transistor completed this side of the
circuit it was time to run the simulation and make sure that the VRMS was close to 5v and in this
case as seen in Figure 1 the result of Vrms is 5.60v and V(dc) is 5.17v which is acceptable.

As seen in figure 1 the below table is the values.

Equipment type and Name Value
Power supply - VCC 20V
Resistor —R1 17.3kQ
Resistor —R2 2.7kQ
Resistor — R4 20
Resistor — RE 178Q)
Resistor —RL 1KQ
Transistor — Q1 BC547BG
Capacitor — C1 730pf
Capacitor — C2 800nf
Capacitor — C3 1nf
Capacitor — C4 768.9pf

After the first part of the circuit was created it was time to run an AC sweep for testing purposes
which can be seen in figure 2.
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(Figure 2 — AC Sweep and frequency testing)
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Once testing was completed the op-amps and the next stage of the circuit can be installed as seen in
figure 3. The values of L1,C5 and C6 needed changing so that the values of V-p-p and V frequency
can be correct as seen below the following where changed to allow this.

e L1=10mH
e (C5=126pF
o (C6=126pf
e R7=3kQ

e R8=110Q

- Vi(p-p): 54TV

o1 Wifreq): 200 kHz

(Figure 3 — Improving design and changing values)

The capacitors C5 and C6 when changed they need to be the same value. This allows the frequency
to be 200kHz which can be seen in the V(Freq) probe that is attached to the circuit.
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Once testing had been completed it was time for the AC power source to be removed and an
oscillator to be added in its place this can be seen in figure 4.

V: 484 mV
Vip-p): 9.2 mv

V: 513 mV

Vip-ph: 828V
Virms): 22TV [ . . .
Vidc): 518mV |- - - -

V{rms): 35.4 mV
Vidc): 2.21 uV
V{fraq): 200 kHz

(Figure 5—AC to be removed)
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(Figure 6 — oscillator and signal generator added to circuit)

As seen in figure 6 the oscillator and a signal generator, this was added for testing purposes to look
at the voltage amplification gain, the signal generator was set to 1kHz and results were taken which
can be located below. After changing R8’s value a probe was placed to make sure that there was
200mV V(P-P) and as seen in figure 6 below this value was 110ohms

Lo V2T mV
U Mip-pl: 201 mv
oo Wirms): 180wV oo
- | Widic): -183 mv
D] Wifreq): 200 kHz[ DD

P DD o S

':::._-.:_-_:-_F,Rz.“............

(Figure 7 — showing 201mV at V (P-P)

Now that there is 200kHz frequency and 200-201mV an AC Sweep for testing was conducted which
can be seen in figure 7. This shows that the centre frequency is 200.5138kHz which is expected and
within the values that is needed for the centre frequency.
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The testing was calculated from peak to peak using the multisim probes located in figure 9.

Once this was carried out a 10kQ variable resistor was to be put into the circuit between the signal
generator and the input to the circuit this would show the Input impedance and again the probes
would be used at Peak to Peak to show results.
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(Figure 10 — Adding variable resistor to circuit)

Once the resistor was added to the circuit testing was performed keeping the 1kHz frequency we
can see below in figure 10 at Peak to Peak is 13.645mV. As seen in figure 10 the resistor is set to 50%
this shows the same value as Zin. The -3dB point was calculated using Vpp of the output which is
185mV this was multiplied by 0.707 giving the value of 0.13v
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(Figure 11 — overall results of circuit)

As seen by the oscillator the waveform does have a dip within this and this can be caused by being unbiased This can be expected due to the values and

equipment used within the circuit.
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Conclusion

As expected, the Bandwidth is not 60Hz and the reason for this is due to the transistor used and
equipment that would have been used during practical however due to covid-19 the practical was
cancelled for safety reasons. Therefore, a simulation of the amplifier circuit would suffice.

The reason the calculations are slightly different to the simulation is that multisim runs on a perfect
environment therefore all the equipment used for example resistors, capacitors, op-amps are
perfect without any wear or damage. The calculations may or may not have been rounded up to the
nearest whole value for the benefit of the report.

This in turn would cause the values and results being different from each other, however there
would only be a slight difference. Meaning that the results from the multisim can still be used for the
report and be used as an accurate simulation to the calculations that were made in the design stage
of the assignment.

As seen in the images above provided during the construction of the circuit and the results it shows
that the amplifier circuit had in fact worked as expected with the correct values within the input and

output.
Lo 1A
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RESEARCH-INFORMED LITERATURE

[

y"’ There was some evidence of further reading and

research and your interpretation and
understanding of the additional research was OK.
The sources referenced were insufficient at this

level given the amount of potential research areas
for this assignment and relied on a small selection

of sources. You also need to include more in-text
citations using the Harvard reference system.

KNOWLEDGE AND UNDERSTANDING

4/10

[

y"’ The knowledge and understanding of the subject

demonstrated by this assignment was generally
superficial and lacked critical understanding. The
report lacked a lot of the required detail and
contained significant inaccuracies and too much
irrelevant material. Additionally, your
understanding of most of the basic principles as
well as the higher level concepts was not shown.
Further work - There were a few omissions and
misunderstandings throughout the task, which
could be read up on for future reference.
Explanations need to be written in much more
detail and written in a more logical and clearer
way.

12/30




ANALYSIS

[

yﬁ

Your analysis of the task was mainly descriptive
and superficial and lacked a lot of the required
detail. Your conclusions were also mainly
descriptive and there were several instances of
flawed understanding. There was little evidence of
critical analysis with most results accepted
uncritically as fact and without explaining the
underlying principles. You did however
demonstrate some basic analytical skills and your
approach to the task was logical.

PRACTICAL APPLICATION AND DEP.

10/30

[

Iﬁ

The application of your practical skills for this task
was generally rudimentary; you used the resources
appropriately when designing the circuit and you
used appropriate options for testing and
evaluating the circuit performance - albeit to a
limited fashion. Testing generally lacked a lot of
the required detail however and you should have
included a comprehensive set of results for each
stage.

SKILLS FOR PROFESSIONAL PRAC.

8/20

[

y#

Your written report was reasonably well presented
in terms of content and layout and was mostly
structured in a coherent way, however you should
endeavour to use the available word count more
effectively in future.
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