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[bookmark: _Toc198229798]Task 1
A diode is an electrical component integrated within circuits that will only allow current flowing through it, to flow in one direction. This is achieved by offering a very low resistance in one direction and a very high resistance in the opposite direction. They can be used to regulate current flowing through a circuit, in order to ‘protect the circuit from overvoltage and reverse current flow’ [Monk, S. (2017)]. Diodes can be used within analog circuits in order to rectify alternating current into direct current and protect components against circuit faults. These components are constructed using semiconductive materials, which have electrical conductivity between conductors and insulators. Common materials used to construct diodes include silicon and germanium for their semiconductive properties. 	Comment by Neil Roberts [2]: Clear definition of a diode and its unidirectional current flow property.
As semiconductive materials have very few free electrons, they are doped with another material in order to adapt their properties. This process is called P-type and N-type doping. For an N-type region, the material is doped with phosphorus, which adds electrons to the material. For a P-type region, the material can be doped with boron, which creates positive charge carriers known as holes. As far as construction goes, a diode consists of a layer of P-type doped material and N-type doped materials, housed within an insulated resin case between two conductive contacts, as can be seen in figure 1. The N-type layer has too many electrons and the P-type layer has holes for electrons. These two materials are joined to create a PN junction. Between these two regions, a depletion region is formed. Excessive electrons from the N-type layer recombine with the holes in the P-type layer, which creates a barrier to current flow with electrons and holes on opposite sides. This creates an electric field, preventing any more electrons from moving across. ‘The potential difference across this region is about 0.7V in typical diodes (silicon)’ [Evans, P (2024)].	Comment by Neil Roberts [2]: The formation of the PN junction and the depletion region is described well. The 0.7V potential difference for silicon is noted.
Figure 1

Upon the application of a power supply, the positive terminal can be connected to the P-type region and the negative terminal to the N-type region. This creates a forward bias, allowing the current to flow, so long as the voltage source is greater than the 0.7V potential difference. If the power supply terminals were to swap, the holes within the P-type region are attracted to the negative terminal, which widens the depletion region, preventing current flow except for a very small leakage current. This is called reverse biased and can be seen being carried out in figure 2.	Comment by Neil Roberts [2]: Forward and reverse bias conditions are explained correctly, including the widening of the depletion region in reverse bias.
Figure 2







Task 1b)	Comment by Neil Roberts [2]: These calculations would have been better typed using the features of the word processor to format formulas appropriately	Comment by Neil Roberts [2]: calculations in Figures 3 and 4 are clear and cover the necessary design steps for the full-wave bridge rectifier, including turns ratio, peak voltages, load resistor, and smoothing capacitor.
Figure 3

Figure 4

Figures 3 and 4 show the calculations that were carried out in order to design a full-wave bridge rectifier, following the given specifications. These include required capacitor size, number of turns and resistor size. The values were used in conjunction with the specified values to create a corresponding circuit using Multisim simulation software. This can be seen in figure 5.


An oscilloscope has been connected in the circuit in order to test its functionality. The circuit was run through a simulation. Figure 6 shows the input and output frequency of the circuit as displayed on the oscilloscope. Figure 5


Figure 6



Using the oscilloscope reading as seen in figure 7, the ripple voltage of the circuit can be calculated.
Figure 7

Ripple Voltage = Vr / Vo = 0.496/18.985 = 0.03 = 3%	Comment by Neil Roberts [2]: The calculated ripple factor (3%) is within the specified 4% maximum.
Ripple voltage can be described as the remnant of AC voltage that appears superimposed into the DC voltage output. For most applications, a ripple voltage of less than 5% implies a well-functioning circuit.

Figure 8

Figure 8 shows the DC voltage across the output, that has been measured using a multimeter connected to the circuit.	Comment by Neil Roberts [2]: This is within the 10% range

Figure 9

Figure 9 shows the current through the load, also measured using a multimeter connected to the circuit.	Comment by Neil Roberts [2]: Close to maximum
Figure 10

Figure 10 shows the difference between voltage on the primary and secondary side transformer. Comparing these values to the calculations, Vin = 325.27v and Vout = 19.4v, there is a slight difference. This could be due to a number of factors such as the accuracy of the probes on the oscilloscope display screen. Whilst effort has been made to position the probes as accurately as possible, there is no way to ensure that they are positioned correctly across the waveform.
Upon reflection, the circuit was able to perform effectively as intended. However, the circuit could implement different components within its design to improve its effectiveness. Rather than using a bridge rectifier, a switch mode power supply (SMPS) would be a more suitable option. SMPS are able to achieve an efficiency of anywhere between 80% and 95%, whereas a bridge rectifier has a much lower efficiency due to excessive heat losses. SMPS systems are also able to step input voltages up and down, which would also replace the transformer located in the current circuit.	Comment by Neil Roberts [2]: Good reflection on circuit performance and suggestion of an SMPS as a more efficient alternative, noting its ability to step voltage up/down.
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Amplifiers are sometimes used within electrical circuits in order to increase the amplitude of electrical signals. They are able to take a weak input signal and amplify it into a larger and stronger output signal, without changing the shape of its frequency. Based on construction and operational efficiency, amplifiers can be classified into different classes. Class A and Class B amplifiers are two different groups in which certain amplifiers can be placed into. Whilst both classes are able to amplify an input signal into a larger output signal, they each have their own characteristics that will determine their suitability for different applications.	Comment by Neil Roberts [2]: Clear introductory statements about amplifier function.
Class A amplifiers can be identified by their ability to conduct current for the full 360° of their input signal cycle. The transistor within these circuits used to amplify the signal is always active, even when there is no input signal received by the amplifier. ‘This allows the output signal of the amplifiers to be more linear, with little distortion’ [Self, D (2013]. This is because there is no crossover distortion caused by signal interruptions that may be found in other amplifier classes. As a result of this, class A amplifiers may be used in high-quality audio equipment, where a smooth output is required. On the other hand, class B amplifiers only conduct current for 180° of their input signals. This configuration contains two transistors that are wired in a push and pull arrangement for each half of the signal. One of the transistors is used to amplify the positive part of the signal whilst the other amplifies the negative part of the signal. Each transistor works for 180° of the full 360° waveform. Unlike class A amplifiers, current will not flow through the circuit when no input signal is received. The constant transition between the transistors causes crossover distortion at the 0V point of the waveform, making them not so suitable for high quality audio systems. They are mainly used for radio frequency transmitters and general-purpose audio systems.
As class A amplifiers have current constantly flowing through them, they are subject to high power dissipation, requiring heat sinking methods to reduce overheating. Class B amplifiers on the other hand have a far lower power dissipation, requiring thermal management devices only at higher outputs. As a result of this, class B amplifiers are less subjectable to heat losses making them more efficient devices. Class B amplifiers tend to typically have an efficiency of between 60-70%, whilst class A amplifiers typically have efficiencies around 25%. This makes class B amplifiers more suitable for higher power applications. ‘The class-A amplifier can be operated to produce high linear output power or it can be designed to operate in saturation by properly selecting the output match for the device’ [Bahl, I (2009)]. Figure 12 shows a transistor saturation graph. The saturation point (A) of an amplifier occurs when voltage is very low and current is very high. Cut off-region (B) is when transistor is off. Between A and B acts like amplifier, takes signal at base and amplified signal to collector. Q point (middle) is the active region. C1 and C2 of amplifier design remove DC signal.	Comment by Neil Roberts [2]: The explanation of the Q- is a bit simplistic. Briefly elaborate on why it's set in the middle for Class A for maximum symmetrical swing.	Comment by Neil Roberts [2]: Good comparison points here

Q point
Figure 12



Task 2b)
For the task of selecting a suitable transistor, type 2N2222A was selected in conjunction with the specified transistors. This type was chosen due to its hfe value being between 100 to 800 as well as the availability and amount of data sheets available on the transistor online. Once the transistor had been obtained, the hfe value was tested using a multimeter and compared to the data sheet to ensure that it correlated. This value was 191. From here, the resistor values and gain were calculated. Figure 11 shows the calculations carried out. Values calculated are when there is no input signal applied to the circuit. This is because we are trying to set up the transistor so that the current and voltage going into the circuit will allow it to sit in the active region.	Comment by Neil Roberts [2]: Selection of 2N2222A transistor is justified (hfe range, availability). Measured hfe of 191 is noted. Good

Figure 11


In terms of constructing the circuit, due to inventory availability, resistors within the E24 series are to be used. These have a tolerance of 5% or lower. Using the resistor values calculated, the nearest resistors in the E24 series were selected for the circuit.	Comment by Neil Roberts [2]: Use of E24 series resistors and selecting nearest values is practical and explained.




Figure 13

Figure 13 shows the common emitter amplifier circuit created in Multisim simulation software, with the nearest resistor values in the E24 series.

Figure 14

Figure 14 shows the Vb reading on a multimeter that was connected to the simulated circuit.




	Vb
	2.228 v

	Vc
	3.818 v

	VE
	1.593 v

	VBE
	0.634 v

	VCE
	2.227 v


Figure 15 – Table showing DC voltages measured using multimeter connected in simulated circuit.

Figure 16 – Shows simulated circuit connected to Function Generator and OscilloscopeFigure 16


Figure 17 – Shows Oscilloscope Reading with Vin = 4.968 mV and Vout = 1.389 V. Using this, the gain can be calculated. Gain = 20 x log10(VIn/VOut)  = 20 x log10(1.389/4.968) = 48.94	Comment by Neil Roberts [2]: Units needed here (dB)Figure 17

Using the oscilloscope display as can be seen in Figure 18, the amplitude at which clipping would occur on the waveform was investigated. After trialing different values, the clipping seemed to occur when the amplitude was set to 8mV (pictured above). To prove that this amplitude value would be the point at which clipping would occur, the amplitude was set to 7mV, to ensure there was no clipping. This can be seen below in Figure 19.Figure 18

Figure 19


Figure 20 - A bode plotter was implemented within the circuit to assess the circuits maximum gain. As can be seen, the maximum gain reading on bode plotter was 49.301 dB.	Comment by Neil Roberts [2]: Very close to your calculated resultFigure 20

[bookmark: _Int_1aHHXZ4E]Figure 21 - This shows the upper cut-off frequency on bode plotter. This was calculated by subtracting 3 dB from the gain, resulting in 46.301 dB. It can be seen that the upper cut-off frequency of the circuit is 5.145 MHz. The 3db represents the tolerance at which the gain is able to function effectively.Figure 21

 Figure 22 - This shows the lower cut-off frequency on bode plotter, 80.614 Hz.Figure 22

To calculate the band width, the lower cut-off frequency should be subtracted from the upper cut-off frequency.
Bandwidth = 5,147,000 – 80.67 = 5,146,919.33 Hz or 5.147 MHz

From here, the circuit was constructed using the required components. The circuit can be seen in Figure 23. Using a multimeter, the voltage values were measured across the transistor. These can be seen in the table below.
Figure 23


Results
	Vb
	2.221 v

	Vc
	4.533 v

	VE
	1.583 v

	VBE
	0.634 v

	VCE
	3.000 v	Comment by Neil Roberts [2]: This is incorrect based on Vc and Ve also quite different from your simulation result of 2.227V


Figure 737364 – This shows the voltage values measured across the transistor.	Comment by Neil Roberts [2]: Typo?? Also some figure numbers are missed





	Vin (V)
	Vout (V)
	Frequency (KHz)
	Gain
	Gain (Db)

	0.0265
	1.54
	0.0192
	58.11
	35.29

	0.03
	2.1
	0.0253
	70.00
	36.90

	0.0293
	3.25
	0.04739
	110.92
	40.90

	0.032
	4.59
	0.1995
	143.44
	43.13

	0.0261
	4.99
	1.97
	191.19
	45.63

	0.0265
	5.31
	4.74
	200.38
	46.04

	0.028
	5.15
	20
	183.93
	45.29

	0.0249
	2.97
	211.97
	119.28
	41.53

	0.0261
	2.73
	274.93
	104.60
	40.39

	0.0281
	2.3
	348.84
	81.85
	38.26

	0.0265
	1.62
	507.61
	61.13
	35.73

	0.0182
	0.34
	2030
	18.68
	25.43



Figure 24 – This shows the results taken from the circuit. A function generator was connected to the circuit, with the purpose of measuring Vout at different frequency values. From this, the gain ratio and gain in dB was calculated and put into a graph. The idea of the graph was to see at what frequencies gave the highest gain. A range of different frequencies were used to show the rise and fall of the gain. 
Looking at the results, the value of Vin fluctuates through different values, even though the value was supposed to stay the same throughout the practical. This could be due to the equipment used in the practical perhaps being worn out or drawing current from another external device such as the oscilloscope. This may have caused there to be slight errors between results. As can be seen, there is a slight variance between the values obtained and the values as shown on Multisim.

Figure 25 – This shows the rise and fall of the gain across the various frequencies.Figure 25
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Figure 26

Figure 26 – This shows the schematic diagram for a non-inverting amplifier using a 741 OP-AMP with a 12V supply.	Comment by Neil Roberts [2]: Circuit setup correctly including function generator values
[image: ]
Figure 27 – This shows the function generator parameters that were used within the simulated circuit. The frequency has been set to 5Hz, and the amplitude has been set to 100mv as specified in the assignment brief. 
[image: ]

Figure 28 – This shows the oscilloscope readings from the circuit pictured in figure 26. Different resistor values in the circuit were trialed to find the different gain values that could be obtained. Using the values given on the oscilloscope after these changes, the results were recorded in the table below.
	Rf (kΩ)
	R1 (kΩ)
	Vin (v)
	Vout (v)
	Gain (Vout/Vin)
	Gain (Rf/R1)+1

	50
	1
	0.1
	4.8
	48	Comment by Neil Roberts [2]: Quite a big discrepancy here, perhaps it should have been checked
	51

	22
	1
	0.1
	2.3
	23
	23

	10
	1
	0.1
	1.1
	11
	11

	1
	1
	0.1
	0.2
	2
	2

	0.5
	1
	0.1
	0.1
	1
	1.5

	22
	10
	0.1
	0.3
	3
	2.2	Comment by Neil Roberts [2]: Should have been 3.2

	22
	50
	0.1
	0.1
	1
	1.44

	22
	2
	0.1
	1.2
	12
	12

	22
	0.5
	0.1
	4.4
	44
	45


Figure 29 – This table shows the different resistor values used and the correlating gain values. By diving the input voltage of 100mV by the output voltages found on the oscilloscope, a gain value was able to be calculated. In conjunction with this, an accurate gain value was calculated for each value by dividing the resistor values and adding 1. As can be seen, there are slight differences between some of the gain values. This could be down to the Vout values measured being incorrect. As a cursor was used to find this value on the oscilloscope, the values may have been subject to a measurement error. Manually positioning the cursor accurately on the peaks can be a difficult task due to human error factors.
Looking at the table above, it can be seen that gain can be calculated by the following. 
Gain = (Rf/R1)+1
Using this, resistor values can be calculated by rearranging the formula.
Gain – 1 = Rf/R1
In conjunction with the assignment brief, it was decided that the circuit was to be designed to have a gain of 22. To calculate the resistor values, the required gain was substituted into the formula.
22 – 1 = 21
If Rf/R1 = 21, two resistor values need to be found that when divided would equal 21. As per the assignment brief, the values had to be within the E24 series, due to availability. The values chosen were Rf =82kΩ and R1 = 3.9kΩ, as when substituted into equation, 82/3.9 + 1 = 22.03. Whilst this value is not completely accurate, it was the closest gain value I could obtain using resistors in the E24 series.	Comment by Neil Roberts [2]: Good choice of values and justification 
[image: ]
Figure 30 – This shows the OP-AMP circuit with calculated resistor values implemented, created using simulation software.

[image: ]
Figure 31 – This shows the oscilloscope readings from the circuit pictured in figure (above circuit). From here, the gain can be calculated. 	Comment by Neil Roberts [2]: Use figure number
Gain 	= Vout/Vin
= 2.205/0.099
= 22.27	Comment by Neil Roberts [2]: Units missing
As can be seen, the gain value given on the oscilloscope closely resembles the required gain. Whilst there is slight variance, this could be down to the selected E24 resistors and the cursor placement. The Gain value can also be calculated in Db and confirmed using a Bode plotter. Using the formula 20 x log (22), it can be determined that the gain in Db is 26.848.
[image: ]
Figure 32 – This shows the frequency response curve of the circuit. As can be seen, the dB shown on the bode plotter closely resembles the calculated value.	Comment by Neil Roberts [2]: Calculated gain value has been confirmed with bode plotter.
[image: ]
Figure 33 – This shows the frequency response curve once 3dB has been subtracted from the gain, showing a cut-off frequency of 45.074 kHz.




Prior to building the circuit, the resistor values were measured using a multimeter due to E24 resistors having a 5% tolerance, with R1 = 3.86 kΩ and Rf = 80.7 kΩ.	Comment by Neil Roberts [2]: Measuring these is good practice to ensure accuracy
	Frequency (Hz)
	Rf (kΩ)
	R1 (kΩ)
	Vin (V)
	Vout (V)
	Gain (Vout/Vin)
	Gain (dB)

	500
	82
	3.9
	0.108
	2.26
	20.93
	26.4

	3500
	82
	3.9
	0.108
	2.34
	21.67
	26.7

	4000
	82
	3.9
	0.108
	2.34
	21.67
	26.7

	5000
	82
	3.9
	0.108
	2.34
	21.67
	26.7

	18000
	82
	3.9
	0.104
	1.98
	19.04
	25.6

	20000
	82
	3.9
	0.108
	1.98
	18.33
	25.3

	33000
	82
	3.9
	0.106
	1.62
	15.28
	23.7

	35000
	82
	3.9
	0.108
	1.58
	14.63
	23.3

	50000
	82
	3.9
	0.104
	1.27
	12.21
	21.7

	100000
	82
	3.9
	0.106
	0.752
	7.09
	17.0

	200000
	82
	3.9
	0.104
	0.376
	3.62
	11.2

	400000
	82
	3.9
	0.106
	0.194
	1.83
	5.2

	1000000
	82
	3.9
	0.102
	0.079
	0.77
	-2.2


Figure 34 – This shows the results obtained from the inverting amplifier circuit.
[image: ]
Figure 35 – This shows the frequency response curve of the amplifier circuit, using the values obtained from the practical. 	Comment by Neil Roberts [2]: This is good and similar in shape to the simulated curve
In order to find the cut-off frequency, 3 dB was subtracted from the highest gain value of 26.7 dB, this was found to be 23.7 dB. The cut-off frequency occurred at 33kHz with a gain of 23.7 dB.	Comment by Neil Roberts [2]: This is of the same order of magnitude as the simulated cut off
[image: ] [image: ]
Figures 40 and 41 show the circuit that was built as well as the oscilloscope that was connected to the circuit. The oscilloscope is displaying a square wave input against the output waveform. The slight variance between these oscilloscope readings and the simulation reading could be down to a number of factors. As previously mentioned, resistor tolerances can play a part in result variations. Previously, the resistors were measured which concluded that there was a slight difference in value as stated. This would be down to the 5% tolerance. As well as this, the circuit may have also been subject to surrounding noise, which will have an effect on the oscilloscope. Noise subjected to the oscilloscope can distort the waveform displayed, which may also explain the variance. For future reference, the bandwidth of the oscilloscope could be reduced in order to block out higher frequency noise that is not intended to be measured. Proper grounding is also another way to reduce noise from electrical equipment. 

[image: ]
Figure 36 – This shows the square wave input against the output waveform. From here, the slew rate could be calculated.
Slew Rate = Change in Voltage/Change in Time = 4.343/23.485 = 0.185 V/μs

[image: ]
Figure 37 - This shows a square wave input against output waveform with an increased input. As frequency is increased the distortion becomes more visible as can be seen. From here, the transistor was replaced with a TL081ACD to see if the slew rate could be improved.




[image: ]
Figure 38 - This shows a square wave input against output waveform with a TL081ACD Transistor and an input frequency of 20KHz. The slew rate can be calculated using the following formula.
Slew Rate = 4.402/7.386 = 0.596 V/μs	Comment by Neil Roberts [2]: Both these values are significantly different than data sheet
As can be seen, the slew rate is much lower.

[image: ]
Figure 39 - This shows a square wave input against output waveform with TL081ACD Transistor with an input of 100KHz. As can be seen, distortion is more visible.
By comparing the slew rates of the 741 and the TL081 transistor, it is clear that the 741 has a poorer slew rate in comparison. At the frequency 20kHz, the 741 output waveform is visibly more distorted. Whilst the output waveform of the TL081 did eventually become more distorted, this was at a much higher frequency input. After conducting some research, it was discovered that TL081 is a junction field-effect transistor (JFET), which offers fast and efficient switching times and high bandwidth in comparison to the 741, which consists of bipolar transistors.	Comment by Neil Roberts [2]: Comparison of distortion and slew rates between the 741 and TL081 is made, correctly noting the JFET input of the TL081 contributes to better performance.
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