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Introduction
Transistor amplifiers are essential components in modern electronic systems, as they allow weak electrical signals to be increased to a usable level. They are widely used in audio systems, communication devices, and many other electronic applications. Understanding how amplifiers work and how to design them is an important part of electronic engineering (Amos and James, 2013).
This report focuses on the design, simulation, and evaluation of both a single-stage and a two-stage transistor amplifier using a bipolar junction transistor (BJT). The aim is to design an amplifier that can operate within the audio frequency range and provide a specific voltage gain.
The work begins with a review of different transistor amplifier configurations, followed by the design of a single stage common emitter amplifier. The circuit is then simulated using Multisim software to confirm that it meets the required performance. After this, the design is expanded into a two-stage amplifier to achieve a higher level of amplification. Finally, the results are analysed and compared to the original design calculations.
[bookmark: _Toc226396781]Objectives
The main objective of this project is to design and simulate transistor amplifier circuits and evaluate their performance. This included designing a single-stage amplifier with a specified voltage gain, testing it using simulation software, and then expanding the design into a two-stage amplifier.
Another objective is to compare theoretical calculations with simulation results and understand how practical components choices affect the performance of the circuit. The project also aims to assess the amplifier in terms of gain, frequency response and stability.
[bookmark: _Toc226396782]Theory/Research
There are three main transistor amplifier configurations: common emitter, common base and common collector. Each configuration has different characteristics and is suitable for different applications (Teja, 2024).


[bookmark: _Toc226396783]Common Emitter Configuration.
The common emitter amplifier is the most widely used configuration. It provides both voltage gain and current gain, making it suitable for general amplification purposes. However, it produces a phase shift of 180 degrees between the input and output signals. This configuration offers good balance between gain and input/output impedance, which makes it ideal for audio applications (Teja.R, 2024).
[image: ]
Figure 1Schematic diagram of The Common Emitter (Basic Electronics Tutorials, 2018; Huang et al., 2018)

[bookmark: _Toc226396784]Common Base Configuration
The common base amplifier has high voltage gain but very low input impedance. This means it is not suitable for most audio applications, as it would load the input signal too heavily. However, it is useful in high frequency applications such as radio frequency circuits (Teja.R, 2024).
[image: ]
Figure 2Schematic diagram of The Common Base (Basic Electronics Tutorials, 2018; Huang et al., 2018)



[bookmark: _Toc226396785]Common Collector Configuration
The common collector amplifier, also known as the emitter follower, has a voltage gain close to one but provides high current gain. It also has very high input impedance and low output impedance, making it useful for impedance matching and buffering (Teja.R, 2024). 

[image: ]
Figure 3 Schematic diagram of The Common Collector (Basic Electronics Tutorials, 2018; Huang et al., 2018)
[bookmark: _Toc226396786]Comparative Evaluation
From a performance perspective, the common emitter configuration provides the best balance between voltage gain, current gain, and manageable impedance levels. The common base configuration excels at high frequencies but is unsuitable for audio due to its low input impedance. The common collector configuration is highly effective as a buffer but cannot independently provide the required voltage gain for amplification stages.
When designing an audio amplifier operating within 20Hz to 20kHz frequency range, the common emitter configuration is therefore the most appropriate choice
[bookmark: _Toc226396787]Equipment/Apparatus
Before the use of equipment thorough checks were carried out to ensure safety measures were met. The following components and tools used were:
· Multisim Software
· Breadboard/Connecting wires
· BJT NPN Transistor (2X 2N2222)
· Resistors (2X 8.2k) (2X 2.2K) (2X 570) (120) (300)
· Capacitors (3X 10𝝻F) (0.68𝝻F)
· DC Power Supply
· Function Generator
· Oscilloscope 
[bookmark: _Toc226396788]Methodology
The amplifier was first designed using theoretical calculations to determine suitable resistor values. Once that was completed the circuit was designed and constructed into Multisim for simulation.
A sinusoidal input signal of 1kHz was applied using a function generator. The input and output signals were measured using a virtual oscilloscope. Voltage gain was calculated by comparing signal amplitudes.
After simulation, practical component values were used to reflect real-world conditions, and the results were compared.
[bookmark: _Toc226396789]Theoretical Calculations
With the following given specifications:

The collector voltage was set at half the supply voltage:




For the emitter resistor, the small-signal voltage gain is approximated by:

To achieve a gain of 5, the ratio  must equal 5
Assuming   the collector resistor is set at:



This helps achieve  because:
Ω
This satisfies the gain requirement directly.
 


Collector Current
As the supply voltage is 10V, and the voltage across the collector is 5. The collector current is therefore:

Emitter Voltage
Using ohms law, the emitter voltage is determined by:

Assuming :

Base Voltage
The base-emitter junction voltage is given as 0.7V, therefore:


Base Current
Given that:
   

Bias Resistor Calculation
The lower bias is calculated from:

The upper bias is determined from:

Final Component Values:

Capacitors
Two 10𝝻F capacitors were selected for input and output coupling. These block DC and allow AC signals to pass. For the two-stage amplifier a 0.68𝝻F bypass capacitor was used across the emitter resistor to increase AC gain. (Huang et al., 2018)
[bookmark: _Toc226396790]Simulation Results
Using Multisim software, the circuit was built and simulated using a 1 kHz input signal. [image: ]
Figure 4 Single-stage Common Emitter Amplifier Run in Multisim
[image: ]
Figure 5 Oscilloscope Input and Output readings
Due to the oscilloscope channel readings not quite calculating to the required gain, the grid was used to calculate the  . Each square grid represents 1, so as shown in figure 5, channel 1 is scaled at 2V covering 2 grids whereas channel 2 is scaled at 500mV covering 1.6 grids
To calculate  we used: 
Finally, 

The findings from the single stage simulation achieved a gain of 5, matching the requirements. This confirms the calculations from theory.
 The single stage amplifier was then extended into a two-stage amplifier mirroring that of the single stage amplifier with only the emitter resistor value from the two stage the difference. The second emitter resistor value was increased from 120Ω to 300Ω. This figure of 300Ω was selected from using the calculation of:   . This is done in hope of doubling the voltage gain whilst improving overall stability and performance of the amplifier when operating with two stages.
The output capacitor that was used in the one-stage amp, was then used to connect both stages together. There was then a need to add a third 10𝝻F capacitor to replace the previous output.
The original emitter resistor value of 120Ω, which was suitable for a single stage design, may lead to increased collector current and reduced stability in a multi-stage configuration. 
[image: ]Figure 6 Two-stage CE amplifier using Multisim


Overall, increasing the emitter resistor to 300 improves bias stability, reduces noise distortion, and enhances the reliability of the two-stage amplifier, while maintaining adequate voltage gain for audio amplification. (Huang et al., 2018)				         
[image: ]Figure 7 Two stage signal readings


Using the same formula used with the Single-stage amplifier the voltage gain was calculated:  
The simulation showed that the output signal amplitude increased only slightly compared to the single-stage amplifier. The measured overall voltage gain of approximately 7, isn’t consistent with the expected theoretical gain of 10, due to slight variation due to non-ideal transistor characteristics.


[image: ]
Figure 8 Two-stage with adjusted RE
As seen in fig 8, adjustments were made with the second emitter resistor. The value was lowered from 300Ω to 200Ω, and the bypass capacitor was removed completely. Upon making these adjustments the total gain achieved was 9.3, coming relatively close to that of the required 10
The gain was again calculated using the formula:

[image: ]
Figure 9 Two Stage amplifier Readings after adjustments
[bookmark: _Toc226396791]Single Stage Amplifier
As the theoretical calculations don’t match real life components size, the closest component values were selected. These were:


Although these values differ slightly from the calculated ones, they remain within typical tolerance ranges for standard resistors. The same coupling capacitors of 10𝝻F were used at both the input and output to ensure the signal could be transferred between stages without affecting the DC biasing of the amplifier.
[image: ][image: ]Figure 10 Input and Output Signal Readings.

Figure 11 Completed Single stage CE amplifier

The input and output readings from the single stage amplifier displayed a voltage gain of exactly 5 confirming that of theory.
To confirm this the formula used was:

[bookmark: _Toc226396792] Input and Output Impedance
When discussing input impedance, the input impedance of a common emitter amplifier is not only determined by the bias resistors   but also by the transistor itself. This is because the transistor base presents and input resistance that depends on the current gain β the impedance looking into the base of the transistor can be approximated as:

Using the values:

The resistance is in parallel with the biasing resistors , so the total input impedance becomes:


Input Impedence
First calculate:


Output Impedance


       Assuming  

The output impedance becomes the same as the collector resistor 
(Basic Electronics Tutorials, 2018)
[bookmark: _Toc226396793]Two-Stage Amplifier
The second stage amplifier was added with intention to double the gain to 10. The design was the same as the one constructed on Multisim with only the resistor components different. The emitter resistor from the second stage was the only difference to that of the first stage. As a resistor with the value of 300Ω was not available the chosen value was 270Ω.
[image: ][image: ]Figure 12 Input and Output Signal Readings

Figure 13 Completed two stage CE amplifier
The bypass capacitor helped the amplifier hit the target gain of 10 without distortion



[bookmark: _Toc226396794]Results
The performance of both the single-stage and two-stage amplifiers was evaluated using Multisim simulation and practical testing. Measurements were taken using a sinusoidal input signal at a frequency of 1 kHz, which lies within the mid-band region of the audio frequency range.
For the single stage amplifier, the simulation and practical testing results showed a voltage gain of 5, which matched with the design target. The output waveform observed on the oscilloscope was a clean sinusoidal signal with a greater amplitude than the input, indicating successful amplification. Slight variation on component values had no effect.
The results from the two-stage amplifier were slightly different, the achieved gain via simulation with the emitter resistor 300Ω and bypass capacitor of 0.68𝝻 could only achieve a gain of 6.7, this was lower than the expected target of 10. This indicated that there were losses present within the circuit, particularly due to loading effects between circuits.  Making small adjustments with the emitter resistor value and removal of bypass capacitor a gain of 9.3 was achieved. 
In the practical construction of the two-stage amplifier the original design was used with the emitter resistor being 300Ω and a bypass capacitor of 0.68𝝻F this achieved a gain of 10.
The difference between simulation and practical results suggest that real components and circuit conditions behave differently from ideal models. The selective use of the bypass capacitor on the second stage likely contributed to maintaining gain while preserving stability in the first stage.
Overall, the results demonstrate that the amplifier design is effective, and that practical implementation can achieve the required performance even when simulation results differ.
[bookmark: _Toc226396795]Discussion/Evaluation
The amplifier was designed and run through simulation, the first stage was successful and met the required specifications with no adjustments needed. The amplifier was then extended to make a two-stage amplifier to further increase the gain. To achieve this component values at the emitter resistor needed to be modified for the amplifier to achieve results that matched closely with theoretical calculations.
Once the gain of approximately 10 was achieved via simulation, the practical design was then created, although components values had to be altered to fit real-life. This caused minor changes in biasing but did not significantly affect performance.
The two-stage amplifier increased gain but reduced bandwidth slightly and increased circuit complexity.
Increasing the emitter resistor improved stability but reduced gain, which was compensated by the bypass capacitor.
Capacitors ensured proper signal flow and affected frequency response at low frequencies.


[bookmark: _Toc226396796]Conclusion
In conclusion, this project successfully demonstrated the design, simulation, and evaluation of both single-stage and two-stage transistor amplifiers. The single stage common emitter amplifier achieved the required voltage gain of 5, which was confirmed through both Multisim simulation and practical implementation. This shows that the design calculations were accurate and that the amplifier operated correctly within its linear region.
The two-stage amplifier was able to provide increased amplification compared to the single stage design. When using the calculated component sizes, the two-stage amplifier was limited to a gain of only 6.7, well below the target of 10. To help achieve this the emitter resistor needed adjustments in value, once minor changes were made the gain of approximately 10 was successfully achieved. 
The investigation also demonstrated the importance of factors such as impedance, loading effects and component selection. The use of standard resistor values instead of exact calculated values had only a small if any impact on performance, showing that the design is robust. The inclusion of the coupling capacitors and a bypass capacitor and a bypass capacitor was essential for maintaining signal quality and achieving the required gain.
Overall, the amplifier performed well within the audio frequency range, particularly at the test frequency of 1kHz. The project has provided a good understanding of transistor amplifier design and the relationship between theory, simulation, and practical implementation.
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