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[bookmark: _Toc164237398]Introduction

[bookmark: _Hlk160736667]This report starts off by looking into the different configurations for the transistor amplifier before briefly explaining the roles of the different components in the circuit. It then moves on to calculating the resistor values for the single stage amplifier in the common emitter circuit. It then shows the build in the simulation software along with the resultant voltage gain. The report then explores the outcome of adding in a bypass capacitor.
Afterwards it moves on to making a two-stage amplifier, this shows the slight differences in calculations and why the bypass capacitors are crucial at two stages. Next, it explains how the resistors were chosen when designing the single stage on a breadboard. It finally moves to explain the results from that and gives an evaluation on the simulation results and the physical results.


[bookmark: _Toc164237399]Objectives

[bookmark: _Hlk160736680]The first objective for this assignment is to design a single-stage transistor amplifier circuit meeting the specified performance requirements, including the transistor selection, design calculations, and schematic creation. Then evaluate the design through a simulation using Multisim to analyse the key parameters. Once that has been displayed it will extend the design to a two-stage amplifier for enhanced performance, involving component calculation, and simulation.
The second objective will then be to determine component choices considering cost, availability, and reliability. Then to assess design quality by analysing simulation results and optimizing the design. 
The third objective will be to design the single-stage transistor amplifier circuit on a breadboard and connect it up to a multimeter to see how the values of the overall resultant voltage gain will match up to its prototype on the simulation software.
The final objective will be to write a comprehensive report which will include calculations, schematics, simulation results, and research findings. It will demonstrate presentation skills through effective organization, formatting, referencing, and adherence to academic conventions, displaying IT skills, critical thinking, and communication. 


[bookmark: _Toc164237400]Different Transistor configurations

Common Base Amplifier:
[bookmark: _Hlk160736701][bookmark: _Hlk160736720]The common base configuration of the transistor is one of the three configurations that can be used within an amplifier. In this configuration the base will be connected between the input and output terminals. In this configuration you can expect to see a high current gain and a moderate voltage gain, they are commonly used for low voltage amplification and as an   impedance buffer. “The common base configuration is less common as an amplifier than compared to the more popular common emitter, (CE) or common collector, (CC) configurations but is still used due to its unique input/output characteristics.” (AspenCore, 2024). The common base configuration is used in single stage amplifier circuits, such as microphone, pre-amplifier or radio frequency amplifiers because of their high frequency response.
[image: ]
Figure 1. Above image shows a Common Base amplifier I have designed using Multisim.
Common Emitter Amplifier:
[bookmark: _Hlk160736734][bookmark: _Hlk160736748]The Transistor configuration known as the common emitter transistor shares its emitter terminal for both the input and output signals. “Basically, here the transistor base terminal is used as the input, the collector is configured as the output, and the emitter is wired common to both.” (Stagatem, 2024) The main characteristics of the common emitter configuration include a high current gain, moderate input resistance and an elevated output resistance. This makes this configuration a popular choice for a higher voltage amplification.
The common emitter stands out as one of the most used transistor configurations as it is useful when a substantial current gain is wanted. 
[image: ] (Sorting Hat Technologies Pvt Ltd, 2024)
Figure 2. Above image showing a common emitter transistor amplifier circuit.

Common collector Amplifier:
[bookmark: _Hlk160736797][bookmark: _Hlk160736807]A single-stage bipolar junction transistor (BJT) amplifier, known as a common collector amplifier or emitter follower, serves as a voltage buffer. It is characterized by its high input impedance and low output impedance, making it particularly suitable for impedance-matching applications. In this configuration, the input signal is directed to the base terminal, and the output signal is extracted from the emitter terminal. Notably, the collector terminal serves as a common connection for both the input and output circuits. “While this configuration does not produce voltage gain, it does produce current gain, and therefore, power gain. Its primary purpose is to reduce impedance loading effects.” (Fiore, 2022) Common collector transistor variations share similarities with common emitter variations, as both can be utilised to achieve high current gain when required. (AspenCore, 2024) 
[image: ] 
Figure 3. Above image shows a Common Collector Amplifier circuit that I designed on Multisim.


[bookmark: _Toc164237401]Components in a common emitter transistor circuit

[bookmark: _Hlk160736820][bookmark: _Hlk160736854]Capacitors- Capacitors are used in single stage amplifier and multi-stage amplifier circuits as they can store and release electrical energy (Voltage) into the load at any needed time. “Capacitors are essential components in filter circuits, with their primary role being to selectively block or allow specific frequency ranges. They are used in various applications, such as audio systems, communication devices, and power supplies, to ensure proper signal processing and eliminate noise and interference.” (Electricity - Magnetism, 2024). Coupling capacitors have a main purpose of stopping the DC offset from progressing to the next stage in multistage amplifiers.

[bookmark: _Hlk160736873]Resistors- (Mercer, 2020), states that with R1 and R2 it isn’t important what the values are as long as there is an accurate ratio between the two of them. They are commonly known as biasing resistors. RL might not always be stated but can be given as the impedance or Z, this can then be balanced out by making RC equal to the load so that they cancel each other out. This is known as balancing the load and it is done to maximize the efficiency and performance of the system. The voltage values across the biasing resistors (R1 and R2) can be worked out using the Voltage divider rule, the value at R2 is the same as the voltage value across the Base of the transistor VB.  

[bookmark: _Hlk160736886][bookmark: _Hlk160736900]2N2222 NPN transistor- This specific transistor is quite popular as it can be widely used. “Developed by the American company Fairchild Semiconductor in the early 1960s, the 2N2222 gained popularity due to its affordability, availability, and ability to perform a wide range of tasks.” (Evans, 2023) This model is known for its capability to work at faster speed than others and works from a low to medium current. 

[bookmark: _Hlk160736914]BC109 NPN transistor- The BC109 is a generic transistor that can be used for a range of tasks. These can include sound amplification or generic signal amplification. “The low noise figure of 4dB makes it ideal to use for audio amplification, preamplification and any electronic signal amplification.” (Components info, 2021) The low noise allows a higher quality of sound to be amplified as there would be less background noise to filter out.
[bookmark: _Toc164237402]Circuit theory calculations

[image: ]
(Sorting Hat Technologies Pvt Ltd, 2024)
Figure 4. Image shows the single stage common emitter amplifier design that I followed

[bookmark: _Hlk160736956][bookmark: _Hlk158221749]𝑉CC = 12𝑉    ℎ𝑓𝑒 = 𝛽 = 100      𝑉BE = 0.7𝑉    𝐴V = 5     Impedance=RL=600Ω

VC 

The first step is to find VC this is done by dividing the input (VCC) by each part of the circuit. This then allows each half of the circuit to be used to find the resistance values on the top and bottom halves.
RC
RC=RL=Z=600Ω
RC is then found by using 600Ω to cancel out the load impedance this is known as matching the load. This is done to make sure the maximum power is transferred. This is explained by using Thevenin’s theorem.
IC

IC can then be found using ohms law by placing the VC voltage over the resistance at RC.
IB

IB=100µA
The next step is to find the current that is flowing towards the base terminal of the transistor this is done by using the formula where = 100 and IC is the 10mA that was found using the previous equation.

Vgain 

RE=120Ω
RC=600Ω
The next value to find would be the Resistance for RE. This is done by dividing the resistance at RC by the voltage gain (5V) this gives us the value of 120Ω.
I1 and I2
I2=10IB
I1=11IB


I1 and I2 can be found next. The equations (10IB and 11IB) are used as it is assumed that the current in a single stage amplifier circuit is eleven times bigger across I1 than across the base of the transistor and I2 is ten times bigger than the current across IB. 
IC=IE=10mA

The formula above shows that the current across Ic multiplied by the resistance of RE gives a voltage of 1.2V. This is used to work out the voltage across R1 and R2.
VR1 and VR2
=1.9V
                     
The voltages across the resistors R1 and R2 are then calculated so that they can be used later in the Ohm’s law formula to find the resistor values for R1 and R2.
(Britannica, 2024) States that the current through an electrical conductor between two points is directly proportional to the voltage across the same two points.
R1 and R2

[bookmark: _GoBack]


Finally, we can use Ohm’s law to work out the resistance values across R1 and R2, this is done by using the voltage found across each resistor and dividing it by the current going through the resistor at that given point. Once those have been calculated it would mean that all four resistors now have a value. They can now be simulated using a CAD software to see if the values are correct and check what Voltage gain is achieved from them.
R1=9.18kΩ
R2=1.9kΩ
RC=600Ω
RE=120Ω

With the resistance values calculated the input impedance can now be calculated, this is done using the formula; 

The value for re is assumed to be 25 as it is standardly used in this formula


After calculating the value for
 
The final value can be calculated by calculating the value of 

 This leaves us with the final equation which gives the output impedance as 




[bookmark: _Toc164237403]Circuit simulation and test results
[bookmark: _Hlk160736968]
[image: ]
Figure 5. The above screenshot shows the single stage amplifier circuit that I designed myself.
The above image shows the design laid out in Multisim. R1 and R2 as biasing resistors for the circuit. The capacitors were set as a standard 10uF as they are just coupling. They are used to prevent the interference from the AC voltage source bias. The 2N2222A transistor was used as it is highly adaptable when dealing with a low current. The digital oscilloscope was then plugged into the circuit to measure the input and output voltages and to work out the overall voltage gain.
[image: ] 
Figure 6. This screenshot shows the values that I applied to the Function Generator.
[bookmark: _Hlk160737000]The function generator was needed to provide the AC input signal into the amplifier and to give us the input signal to be read by the oscilloscope. The frequency for it was set as 1kHz (1000Hz) and the amplitude for the input signal was placed at 200mVp. The signal waveform was chosen to be a sine wave as it is an AC signal.
[image: ]
Figure 7. This image shows the results that were measured by the oscilloscope.
[image: ]
Figure 8. This image shows the scale and positioning I applied to the oscilloscope to make the waveform easier to measure.
The above images show the readings on the oscilloscope the input signal is the one positioned on the top of it and the output signal is on the bottom. To get the readable signals the timescale was set to 500uS/Division this allowed for a cleaner signal to later work out the voltage gain. To measure the signals accurately the number of Volts per division had to be changed as the output was too big to get an accurate reading on the same scale as the input. The input was set as 500mV/Div and the output was set as 2V/Div. They were then lined up with the nearest line to them which was +1.8 for the input and -1 for the output.



Voltage gain calculation 
The voltage gain was calculated by looking at the oscilloscope and seeing how many boxes the signal filled. As the input signal filled just over one and a half boxes and the scale was set as 500mV/Division. The calculation for the input would be:
 

The output could be measured the same way, as the scale was set as 2V/Division. The calculation would be:
 
Before doing the voltage gain equation the output needed to be converted into milli volts. This was done by multiplying the 4V by 1000.
mV= 
The ultimate step would be to work out the overall voltage gain of the circuit; this happens by dividing the Output voltage by the input voltage which gives out the required voltage gain of 5V.

The values calculated for the resistors were accurate. This is proven by the calculations made using the oscilloscope to analyse the input and output signals to figure out the difference. The difference is the voltage gain of +5 volts.


Adding a bypass capacitor in parallel with the Emitter Resistor
[image: ]
Figure 9. The screenshot above shows the single stage amplifier after I had added in the bypass capacitor to see the outcome.

[image: ]
Figure 10. The above image shows the results when adding in a bypass capacitor.
[image: ]
Figure 11. The screenshot above shows the scale and positioning applied to the oscilloscope.
[image: ]
Figure 12. The image above shows that the settings on the function generator were kept the same when adding the extra capacitor.
Adding a bypass capacitor made no difference for the single stage circuit as the output voltage and signals stayed the same. This shows how a single stage doesn’t always need to add the bypass capacitor for a moderately low gain.




[bookmark: _Toc164237404]Frequency sweep

“Frequency sweep tests are decidedly in the realm of analog electronics. The goal is to analyse how an input monochromatic signal is affected by different components in a circuit. The frequency of the input signal is then swept throughout some desired range, and the output voltage or current at each input frequency value is recorded.” (Cadence design systems, 2024)
Frequency sweep can be done manually or by using the built in one located in Multisim. I have chosen to do the built-in method as it saves time this is done by going into simulation tab and going into the AC sweep function and setting the parameters to read between 1Hz and 10MHz. This gives off the signal wave shown below.
[image: ]
Figure 13. The screenshot above shows the frequency sweep results.
As shown in the graph above the frequency starts off at 1Hz and the Phase of the signal is at zero, but when the frequency picks up at a useful level of between 100Hz and 100K Hz the phase levels out and stays the same until the frequency gets too high. Once the signal frequency reaches over 1MHz the phase starts to drop again.


[bookmark: _Toc164237405]Two stage amplifier calculations

[image: ]
Figure 14. The image above shows the two-stage amplifier circuit that I created using multisim.
The above design is a two-stage common emitter transistor amplifier designed using Multisim It uses the single stage amplifier that was made for the first stage and adds four more resistors on and another transistor as a second stage. It uses a coupling capacitor between each stage for this one and has one at either end of the complete circuit. The resistor values for R1 and R2 remained the same as they are just biasing resistors and there was no need to change them. The Load (RC) was also the same the only one that changed was RE on this second stage, this was due to the second stage only needing a gain of two to double the output voltage to ten. So the RC value was divided by 2 to give the RE value at 300Ω
[image: A screenshot of a computer
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Figure 15. The screenshot above shows the values that were used on the function generator.
For the two-stage amplifier the readings on the function generator were kept the same as it was creating the input signal which did not need to be changed. 
[image: ]Figure 16. The image above shows the results on the oscilloscope on for the two-stage amplifier.
[image: ]
Figure 17. The above screenshot shows the scale and positioning applied to the oscilloscope.
For the oscilloscope readings on the two-stage amplifier the same scale was used from the single stage amplifier. The input signal remained the same as there was no change in that however, the output signal was different due to there being an additional stage in the circuit. 

The Output given was only 7V this was different to the 10V gain that it should have been emitting however, this can be resolved by adding bypass capacitors in parallel with the RE resistors in both phases. This is shown below.

[image: ]
Figure 18. The above screenshot shows the two-stage amplifier with the bypass capacitors added.
Adding the extra capacitors gave enough electrical charge to up the overall voltage gain to the required 10V. They were set as 500 nano Farads.
[image: A screenshot of a computer
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Figure 19. The above image shows the new values that were set on the function generator.
For this the Amplitude on the Function generator was halved down to 100mVp as keeping it as 200 was overloading the circuit and distorting the output waveform severely.
[image: ]
Figure 20. The screenshot above shows the oscilloscope reading with the added bypass capacitor.
[image: ]
Figure 21. The image above shows the settings that were applied to the oscilloscope.

Voltage gain calculations for the second stage with capacitors along the emitter resistors

Using this calculation gives a Voltage gain of 10 volts which is the desired gain needed. Without the extra capacitors this gain was not being reached. This shows how adding in the bypass capacitors gives the extra boost it needs for doubling the gain from the first stage.



[bookmark: _Toc164237406]Single Stage Amplifier breadboard task
The last task for this assignment is to create a single stage amplifier circuit on a breadboard using the 4-resistor layout. The resistors used are from the E12 series of resistors, this means that the values calculated will be different form the ones used to build the circuit.

Using the resistors from this series gave me the values of R1=10kΩ R2=1.8kΩ RC=680Ω RE=120Ω. Using these values for my physical amplifier circuit still gave me the correct gain of 5 volts. The BC109 Transistor was used for this as the 2N2222 was not available at the time.
[image: A circuit board with wires and screwdrivers
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Figure 22. The photo above shows the single stage amplifier that I have created on a breadboard.
The values available were able to create the circuit shown above, it was built using the same design schematic that was planned and simulated on Multisim. It had 2 voltage sources, once was the 12V DC supply and the other was the 200mV supply from the function generator to create the input voltage. The coupling capacitors are 10uF as this seemed to work fine for the simulation. 
[image: ]
Figure 23. The above photo shows the values used on the function generator and the DC voltage source (power supply)
The settings on the function generator and power supply were set at the same values as what was used on Multisim. 
[image: ]
Figure 24. The above photo shows the resultant input and output waves.
The input and output waves as shown on the oscilloscope above give out the same readings as the one in Multisim, putting it into a calculation gives out the same readings of a 5V gain.


[image: ]
Figure 25. The above photo shows me next to my completed circuit.

[bookmark: _Toc164237407]Evaluation
After working out all the values needed for the four different resistors, I was then able to design the circuit for the single-stage amplifier. This first design did not include a bypass capacitor for an extra boost of power, but it still gave off the desired output of five volts. After creating it without I then added in the bypass capacitor to see the value it gave I set this capacitor as 500nF as anything higher seemed to distort the output signal. This gave me the same five volt gain as without. If a gradual increase of the capacitor was monitored it might have been possible to get a slightly higher gain out of the circuit.
After the single stage was completed, I moved on to making the two-stage amplifier. After calculating the resistor value for RE in the second stage I simulated the circuit but only got a gain of seven volts. This was due to voltage drop along the circuit as it didn’t have enough power input to provide the required output. So, after adding some bypass capacitors into both sections and reducing the input AC signal down to 100mVpp I was able to get the gain up to the required ten volts. 
When it was time to create the single stage circuit on a breadboard there was an issue of not having the exact resistor values that were calculated however, using the E12 series of resistors it was easy enough to get the closest possible values. This might have had a negative effect when testing and might have given a lower gain however, when I did test the circuit, it gave me the correct required gain of five volts. The physical circuit could have had a lower value overall as the resistors have a tolerance level between five and ten percent which could mean that the values could have been a bit higher or lower than stated. This issue did not seem to affect my circuit as the gain was exactly five volts.


[bookmark: _Toc164237408]Conclusion

To conclude, this write up explains the differences with the different configurations of the transistors and the different components uses within the circuit. This write up also includes all the required steps to build a single and double stage common emitter transistor amplifier. They start at calculating the resistor values for the four-resistor configuration, going though adding in a bypass capacitor to measure if there is any difference in the gain. It then moves on to show how to make a two-stage amplifier with the calculation amendments needed for the RE value for the second stage and why bypass capacitors are needed to ensure that the voltage drop along the circuit does not interfere with the desired output. It then explains why the simulated resistor values were different to those that were used to the physical design, after explaining the differences it shows how the circuit is laid out on a breadboard and shows the values for the resistors that were chosen. Once the results were explained it then briefly explained how the results could have been different due to the tolerance levels of the resistors.
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