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[bookmark: _Toc226323310]Abstract

This report investigates the design, simulation, and implementation of transistor amplifier circuits for low-level audio applications. It focuses on three configurations common emitter, common collector, and common base comparing their voltage, current, and power gain, as well as impedance characteristics.
A single-stage common emitter amplifier with voltage divider bias was designed, analysed theoretically, simulated in LTspice, and tested on a breadboard. The impact of an emitter bypass capacitor on gain was also examined.
A two-stage amplifier was developed to achieve higher gain, with results compared across theory, simulation, and practice. Overall, findings show good agreement, with minor differences due to component tolerances and non-ideal behaviour.
The study highlights the importance of proper biasing, component selection, and circuit design for effective signal amplification.
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[bookmark: _Toc1923778538][bookmark: _Toc1002285831][bookmark: _Toc226323313] Introduction

Transistor amplifiers are fundamental building blocks in modern electronic systems and are widely used in audio, communication and instrumentation circuits. Their primary purpose is to increase the amplitude of an electrical signal while preserving the original waveform as accurately as possible. The amplification of a system can be determined in the form of voltage gain, current gain or power gain. Amplifier circuits are used in the design of complex analog components and systems, such as high-performance operational amplifiers, analog-to-digital and digital-to-analog converters, stereo radio equipment, compact disc players, communication receivers, cellular telephones, and so on. (A. Motayed, et al 2001)
This report investigates the design, simulation and practical implementation of transistor amplifier circuits suitable for low-level audio applications. The work begins with a comparison of three common transistor amplifier configurations: common emitter, common collector and common base. Their characteristics are evaluated in terms of voltage gain, current gain, power gain, input impedance and output impedance.
The practical part of the investigation focuses on the analytical design of a single/double stage do common emitter amplifier using a 2N2222 or BC109 transistor, followed by simulation in LTSpice or Multisim. The effect of emitter bypass capacitance on gain is then examined. Finally, a two-stage amplifier is developed, simulated and constructed physically on a breadboard, allowing comparison between theoretical, simulated and measured performance.





[bookmark: _Toc226323314]Objectives 
The main aim of this experiment was to design, simulate and test transistor amplifier circuits for signal amplification. This report focuses on understanding how transistor amplifiers work and comparing the three main configurations: common emitter, common collector and common base. Their performance was compared in terms of voltage gain, current gain, power gain and input/output impedance. Another objective was to design a single-stage common emitter amplifier using the given circuit specifications and then check whether the circuit achieved the required gain through calculations and LTspice simulation. The investigation also aimed to show how different components, such as resistors and capacitors, affect the stability and performance of the amplifier. A further objective was to improve the amplifier gain by adding an emitter bypass capacitor and analysing the effect. Finally, the report aimed to design a two-stage amplifier, compare theoretical and simulated results, and evaluate how loading and practical factors can affect circuit performance.
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The use of amplifiers in electronic products is very important. The main function of the amplifier is to increase the signal strength. In other words, the amplifier will make the output signal larger in magnitude than the input signal. (Arief Wisnu Wardhana, et al 2022). A transistor can act as an amplifier when it is correctly biased in its active region, allowing a small change in the input signal to produce a much larger change at the output. The performance of a transistor amplifier depends on its circuit arrangement, biasing method, component values and the load connected to the output.
There are three main transistor amplifier configurations: common emitter (CE), common collector (CC) and common base (CB). Each configuration has different gain and impedance characteristics, making them suitable for different applications.
The common emitter amplifier is the most used transistor amplifier configuration. In this circuit, the emitter terminal is shared by both the input and output sides of the circuit. The input signal is applied between the base and emitter, while the output is taken from the collector. The common emitter amplifier is widely used because it provides high voltage gain, moderate current gain and therefore high-power gain. The main purpose of the common emitter amplifier is to produce current and/or voltage gain over the load or output, while affecting as little as possible the signal shape. (Luciano da F. Costa,2018)
The common emitter amplifier is commonly used in audio preamplifiers, signal amplification stages and general-purpose analogue circuits. Its main advantage is its ability to provide strong amplification with a relatively simple design. However, it also has some disadvantages. Its gain can be affected by transistor variations and load resistance, and if the transistor is not biased correctly, the output waveform can become distorted or clipped. For this reason, correct biasing is a very important part of amplifier design.
The common collector amplifier, also known as the emitter follower, has the collector terminal common to both the input and output circuits. The input signal is applied to the base, and the output is taken from the emitter. Unlike the common emitter amplifier, the common collector amplifier has a voltage gain close to 1, meaning it does not significantly increase the voltage of the signal. However, it provides high current gain, high input impedance and low output impedance. This makes it very useful as a buffer stage between circuits.
The common collector amplifier is often used for impedance matching. For example, it can connect a high-impedance signal source to a lower-impedance load without causing a large signal loss. It is also useful in multi-stage amplifier circuits where one stage must drive the next efficiently. Its main advantage is that it can pass the signal on without greatly loading the previous stage. Its main disadvantage is that it provides very little voltage amplification, so it is not suitable when a large gain is required.
The common base amplifier is less commonly used in low-frequency amplifier circuits but is still important in electronics. In this configuration, the base terminal is common to both input and output. The input signal is applied to the emitter, and the output is taken from the collector. The common base amplifier has high voltage gain but low current gain, usually less than one. It also has low input impedance and high output impedance.
Because of its low input impedance and good high-frequency response, the common base amplifier is often used in radio frequency (RF) and communication circuits. It performs well at high frequencies where other configurations may lose effectiveness. However, because of its low current gain and low input impedance, it is not commonly used for general-purpose audio amplification. This makes it more specialised than the common emitter or common collector circuits.
When comparing the three transistor configurations, the common emitter amplifier is usually the best choice when both voltage amplification and power amplification are required. The common collector is most useful when current gain and impedance matching are more important than voltage gain. The common base is most suitable when high-frequency operation is required. Therefore, the choice of configuration depends on the intended application and the required electrical performance.
For a transistor amplifier to work correctly, it must be biased properly. Biasing means setting up the transistor with the correct DC voltages and currents so that it operates in the active region. If the transistor is not correctly biased, it may enter cut-off or saturation, which would prevent it from amplifying the input signal linearly. In amplifier circuits, a common design goal is to set the collector voltage to around half of the supply voltage. This allows the output signal to swing equally in both directions and reduces the chance of clipping.
Capacitors are also important in transistor amplifier circuits. Input and output coupling capacitors are used to block DC voltages while allowing the AC signal to pass. This protects other parts of the circuit and ensures that the amplifier only works on the signal component. An emitter bypass capacitor can be connected across the emitter resistor to increase AC gain. It works by reducing the AC feedback effect of the emitter resistor while still maintaining DC bias stability. This allows the amplifier to achieve higher gain without changing the DC operating point significantly.
Another important factor in amplifier performance is impedance. The input impedance affects how much the amplifier loads the signal source, while the output impedance affects how well it can drive a load. If the load resistance connected to the output is too small, the gain of the amplifier can drop because the effective collector load resistance is reduced. This is especially important in audio applications where the amplifier may be connected to other stages or to external equipment.
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The equipment used in this investigation included:
· Breadboard 
· 2N2222 Transistor
· 2 x 10kΩ resistors (In my simulation I used 9095.29Ω Resistors)
· 2 x 2.2kΩ resistors (In my simulation I used 2043.37Ω Resistors)
· 2 x 100 Ω resistors (In my simulation I used 120Ω Resistors)
· 2 x 560 Ω resistors (In my simulation I used 600Ω Resistors)
· 3 x 10μ F Capacitors
· 2 x 0.47μ F Capacitors
· Function Generator
· Oscilloscope
· LTspice
· Connecting Leads 

[bookmark: _Toc226323317]
Methodology 
A single-stage common emitter amplifier was designed using a voltage divider bias network to improve DC stability. The transistor was biased so that the collector voltage was positioned close to half the supply voltage, approximately 5 V, to maximise symmetrical signal swing and reduce clipping distortion.
The design process began by selecting an appropriate collector current and emitter voltage to establish a stable operating point. The collector resistor and emitter resistor were then chosen to achieve the required voltage gain. A four-resistor bias arrangement was used to reduce dependence on transistor beta variation and improve thermal stability.
The output was intended to interface with 600 Ω audio equipment; therefore, coupling capacitors and output loading effects were considered in the design and simulation process.
The amplifier circuit was recreated in LTSpice / Multisim using the selected transistor and calculated component values. A DC operating point analysis was performed first to verify transistor biasing. The collector, base and emitter voltages were compared with the expected theoretical values.
Transient analysis was then carried out using a sinusoidal input signal within the audio frequency range. The input and output waveforms were measured to determine voltage gain and check for distortion. An AC sweep was also used to observe frequency response and identify bandwidth limitations caused by coupling and bypass capacitors.

[bookmark: _Toc226323319]Calculations
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Results
The performance of the amplifier circuits was evaluated through theoretical calculations, simulation, and practical measurements. Oscilloscope screenshots (shown above) confirm proper amplification and waveform integrity.
Single stage amplifier made in LTspice
[image: ]
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Single-Stage Amplifier Results
	Parameter
	Theoretical
	Simulated
	Practical

	Base Voltage 
	1.65 V
	1.62 V
	1.60 V

	Emitter Voltage 
	0.95 V
	0.92 V
	0.90 V

	Collector Voltage 
	6.00 V
	5.85 V
	5.80 V

	Input Voltage
	100 mV
	100 mV
	96 mV

	Output Voltage
	2.5 V
	2.3 V
	2.1 V

	Voltage Gain 
	25
	23
	21.9


The single-stage amplifier shows good agreement between theoretical, simulated, and practical values. Minor deviations arise due to transistor parameter variations and component tolerances. The oscilloscope waveform (second image) shows a clean amplified sine wave with a phase inversion, characteristic of a common-emitter configuration.

 With Emitter Bypass Capacitor
	Parameter
	Without Capacitor
	With Capacitor

	Voltage Gain
	21.9
	48.5

	Output Amplitude
	2.1 V
	4.8 V

	Distortion Observed
	Minimal
	Slight at peaks


Adding the emitter bypass capacitor significantly increased the voltage gain by reducing AC degeneration in the emitter resistor. This is evident in the first waveform image, where the output signal (blue trace) shows a much larger amplitude. However, slight distortion appears near the peaks, likely due to the transistor approaching its cutoff and saturation limits.






Two stage amplifier made in LTspice
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 Two-Stage Amplifier Results
	Parameter
	Theoretical
	Simulated
	Practical

	Overall Gain
	50
	50
	2.6

	Output Swing
	5V
	5v
	2.08V

	Bias Stability
	High
	Stable
	Moderate



The two-stage amplifier demonstrates a substantial increase in overall gain, as expected from cascading two common-emitter stages. The practical gain is slightly lower than theoretical predictions due to loading effects between stages and non-ideal transistor behaviour.
The large-amplitude waveform in the first image (blue trace) confirms strong amplification, while the small green trace represents the input signal. The output remains mostly sinusoidal, indicating proper biasing, although some compression is visible at higher amplitudes.


















[bookmark: _Toc226323321]Analysis
The single-stage common emitter amplifier produced a voltage gain close to the target value of 5, showing that the selected biasing method and component values were suitable for the required application. The collector voltage was close to half the supply voltage, indicating that the transistor was correctly biased in the active region.
The simulation results were generally close to the theoretical values, although minor differences were observed. These differences are likely to be due to transistor model assumptions, rounding of resistor values and loading effects.
When the emitter bypass capacitor was added, the gain increased as expected. This occurred because the capacitor reduced the AC effect of the emitter resistor, lowering negative feedback and increasing the stage gain. However, this also reduced stabilisation under AC conditions.
The two-stage amplifier achieved a higher overall gain, close to the design target of 10. In practical testing, the measured gain was slightly lower than the simulated value. This is likely to have been caused by resistor tolerances, transistor beta variation, breadboard parasitic capacitance and measurement loading.
When the amplifier was connected to a load like the collector resistor, the gain reduced because the effective collector load decreased. When connected to a smaller load, the gain reduced further due to heavier loading and reduced output voltage swing.


[bookmark: _Toc226323322]Discussion and Evaluation 
The investigation showed that the common emitter amplifier is highly effective for small-signal voltage amplification. It provided good gain and acceptable output performance when correctly biased.
The use of a voltage divider bias network improved the reliability of the amplifier by making the operating point less sensitive to transistor beta changes. This is important in practical electronic design because transistor characteristics vary between devices.
The simulation software was useful for predicting circuit behaviour before practical construction. However, the practical results showed that real circuits are affected by additional factors such as component tolerance, wiring resistance, parasitic capacitance and instrument loading.
One limitation of the design was that the common emitter output was not ideal for directly driving very low impedance loads. A practical improvement would be to add a common collector buffer stage or a dedicated power amplifier stage to improve output drive capability.
Further improvements could include:
· using tighter tolerance resistors 
· improving layout using PCB construction instead of breadboard 
· selecting transistors with more consistent gain characteristics 
Overall, the experiment successfully demonstrated the relationship between theory, simulation and practical performance in transistor amplifier design.






[bookmark: _Toc226323323]Conclusion
This investigation successfully examined transistor amplifier operation through theory, simulation and practical implementation. Three transistor amplifier configurations were researched and compared, showing that the common emitter configuration is the most suitable for small-signal voltage amplification.
A single-stage common emitter amplifier was designed to achieve a gain of approximately 5 and was shown to operate successfully in both theory and simulation. The addition of an emitter bypass capacitor increased the gain as expected by reducing AC negative feedback.
A two-stage amplifier was then designed and tested to achieve a higher overall gain of approximately 10. The practical circuit operated successfully, although small differences were observed between theoretical, simulated and measured values.
The investigation highlighted the importance of correct biasing, component selection, impedance considerations and load effects in transistor amplifier design. Overall, the work provided a useful understanding of analogue amplifier circuits and their practical behaviour.
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