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[bookmark: _Toc226299634]Introduction
Transistor amplifiers are fundamental components in modern electronic systems, enabling the amplification of weak electrical signals for a wide range of applications, including audio processing, communication systems, and instrumentation. Their performance is determined by both the configuration of the transistor and the selection of surrounding circuit components, which influence key parameters such as voltage gain, current gain, impedance, and frequency response. 
 The aim of this report is to design, simulate and evaluate both a single-stage and two-stage common-emitter amplifier. The performance of each circuit is analysed in terms of voltage gain, bias stability and practical implementation. The results obtained from simulation and experimental testing are compared with theoretical predictions to assess the accuracy and reliability of the design. Emphasis is placed on understanding how component selection and circuit topology affect amplifier performance.












[bookmark: _Toc226299635]Comparative Analysis of Common-Emitter, Common-Base and Common-Collector Transistor Amplifier Configurations
Transistor amplifiers are fundamental building blocks in analogue electronics, with each configuration offering different characteristics that suit particular applications. The three main configurations are the common-emitter (CE), common-base (CB), and common-collector (CC) amplifiers.
 The common-emitter amplifier is the most widely used due to its balanced performance. It provides high voltage and power gain, with moderate input impedance and relatively high output impedance (Sedra and Smith, 2015). A key characteristic is the 180° phase shift between input and output. This configuration is commonly used in general signal amplification, such as audio and RF applications.
 The common-base amplifier has low input impedance and high output impedance, with a current gain close to unity but relatively high voltage gain (Millman and Halkias, 1972). It offers good high-frequency performance, making it suitable for RF applications. However, the low input impedance limits its use with weak signal sources.
 The common-collector amplifier, also known as an emitter follower, has a voltage gain close to unity but very high input impedance and low output impedance (Boylestad and Nashelsky, 2006). It is mainly used for impedance matching and buffering rather than amplification.
Overall, the CE configuration is best suited for general amplification, CB for high-frequency applications, and CC for impedance matching between stages.
















[bookmark: _Toc226299636]Design Calculations for a Single-Stage Common-Emitter Amplifier
A single-stage common-emitter amplifier was designed using a voltage-divider bias network and a 2N2222 NPN transistor. The design specification required a supply voltage of 10V, transistor current gain β=100, base-emitter voltage Vbe=0.7V, and an approximate voltage gain of 5.
[bookmark: _Toc226299637]Assumptions
In order to complete the design, the following assumptions were made:
. The transistor operates in the active region.
. The collector quiescent voltage is chosen close to half the supply voltage to allow a large symmetrical output swing.
. The quiescent collector current is selected as approximately 1mA.
. The small-signal emitter resistance is approximated by:

. The amplifier is initially designed for the unloaded condition, with load effects discussed later. 

[bookmark: _Toc226299638]Collector Resistor Rc
For good linear operation, the collector voltage was chosen to be approximately half of the supply voltage:

Assuming a collector current of  the collector resistor is: 


Therefore: 
The nearest preferred resistor value selected was: 

[bookmark: _Toc226299639]Emitter Resistor RE
For a common-emitter amplifier without an emitter bypass capacitor, the midband voltage gain may be approximated by:


The target gain magnitude is 5, so:

At approximately 1mA, 

Substituting this into the gain equation:



The nearest preferred resistor value selected was 910Ω.

[bookmark: _Toc226299640]Emitter and Base Voltages
Assuming the emitter current is approximately equal to the collector current:

The emitter voltage is therefore:


The base voltage is then:



[bookmark: _Toc226299641]Base Current
Using the transistor gain:



[bookmark: _Toc226299642]Bias Divider Resistors R1 and R2
To improve bias stability, the current through the voltage divider was chosen to be approximately ten times the base current.
Therefore, let .
The lower resistor of the divider is:


The nearest preferred value selected was .
The current through the upper divider resistor is:


Hence:


The nearest preferred value selected was .

Final resistor values: 





[bookmark: _Toc226299643]Check of Bias Conditions
The ideal voltage divider is:



The Thevenin resistance of the bias network is:



The voltage drop caused by the base current is:


Therefore, the loaded base voltage is approximately:

The emitter voltage becomes:

The emitter current is then:


Assuming , the collector voltage is:


This confirms that the transistor is biased in the active region and that the collector voltage is close to mid-supply, which is suitable for linear amplification.

[bookmark: _Toc226299644]Predicted Voltage Gain
Using the corrected emitter current:

The predicted voltage gain is therefore:


Hence, the designed amplifier achieves the required voltage gain of approximately 5, with the negative sign indicating the expected 180° phase inversion of a common-emitter amplifier.

[bookmark: _Toc226299645]Capacitor Selection
Capacitors are used to allow AC signal amplification while maintaining stable DC bias conditions. Three capacitors were included in the design: an input coupling capacitor, an output coupling capacitor, and an emitter bypass capacitor.

[bookmark: _Toc226299646]Input Coupling Capacitor
The input capacitor allows AC signals to pass into the base while blocking DC. Using  and , it forms a high-pass filter with capacitance formula:

A standard capacitor value of  was selected. This ensures that the input signal is passed with little attenuation across the audio range.

[bookmark: _Toc226299647]Output Coupling Capacitor
The output capacitor blocks DC from reaching the load and forms a high-pass filter with the load resistance, using  the capacitance can be calculated as:

The nearest standard value above this selected was  to reduce low-frequency attenuation. 

[bookmark: _Toc226299648]Emitter Bypass Capacitor
The emitter bypass capacitor reduces AC feedback and increases gain by effectively bypassing the emitter resistor at signal frequencies:

A larger standard value is normally selected to provide more effective bypassing, so  was chosen. 







[bookmark: _Toc226299649]Role of Circuit Components
The resistors and capacitors in the amplifier each perform specific functions in establishing stable operation and effective signal amplification.
The resistors  and  form a voltage divider that sets the base bias voltage, ensuring the transistor operates in the active region. The collector resistor  influences both the output voltage swing and voltage gain, while the emitter resistor  provides thermal stability by introducing negative feedback.
The input and output coupling capacitors allow AC signals to pass while blocking DC, maintaining correct bias conditions. The emitter bypass capacitor increases voltage gain by reducing AC feedback at the emitter.










[bookmark: _Toc226299650]Simulation Results and Analysis
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Figure 1.1
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Figure 1.2

The single-stage common-emitter amplifier was implemented in LTSpice using the calculated component values. A sinusoidal input signal of 10mV amplitude at 1kHz was applied to the circuit. The output voltage was measured after the output coupling capacitor, with a high-value load resistor of 100kΩ used to minimise loading effects.
 In the initial simulation, the emitter bypass capacitor was not included, as shown in Figure 1.1. The resulting output waveform was observed to be inverted relative to the input signal, confirming the expected 180° phase shift of a common-emitter amplifier. From the waveform, the input amplitude was approximately 10mV, while the output amplitude was approximately 47mV, giving a voltage gain of:

This agrees closely with the theoretical value. The small discrepancy is due to approximations used in the analytical model, as well as the non-ideal characteristics of the transistor model in LTSpice.
 A second simulation was then carried out with the emitter bypass capacitor connected in parallel with the emitter resistor, as shown in Figure 1.2. Under these conditions, a significant increase in output amplitude was observed. The output voltage increased to approximately 1.5V for the same 10mV input signal, corresponding to a gain of:

This substantial increase in gain occurs because the emitter resistor is effectively bypassed for AC signals, reducing the negative feedback present in the circuit. As a result, the voltage gain becomes primarily dependent on the collector resistor and the intrinsic emitter resistance of the transistor.
However, this improvement in gain comes at the cost of reduced stability and linearity. The removal of emitter degeneration makes the amplifier more sensitive to variations in transistor parameters and increases the likelihood of distortion.













[bookmark: _Toc226299651]Design Calculations for the Two-Stage Amplifier
Following the design and simulation of the single-stage common-emitter amplifier, a two-stage amplifier was then developed in order to achieve an overall voltage gain of approximately 10. The design used two RC-coupled common-emitter stages, each biased independently using a voltage-divider network.
For a cascaded amplifier, the overall voltage gain is equal to the product of the gains of the individual stages:

To achieve an overall gain of approximately 10, each stage was designed to provide a moderate gain of around 3:

This was considered sufficiently close to the required value, with the expectation that small adjustments could be made after simulation if necessary.

[bookmark: _Toc226299652]Initial Stage Design
For each stage, the collector resistor was kept at . The emitter resistor was initially chosen as . Using the approximate voltage gain expression for an unbypassed common-emitter amplifier, the gain of each stage is estimated as:

Therefore, the predicted overall gain is:

This suggested that the initial design should produce an overall gain close to 10.

[bookmark: _Toc226299653]Biasing Calculations
To maintain suitable transistor operation in the active region, each stage was biased independently. Assuming a quiescent emitter current of approximately 1mA, the emitter voltage for each stage is:

The required base voltage is then: 

A voltage-divider network was then selected to provide a base voltage close to this value. Standard resistor values of  and  were chosen for each stage.
The approximate voltage divider is:

This is close to the required value of 2.2V and was considered suitable for biasing both transistors.

[bookmark: _Toc226299654]Refined Design
When the initial two-stage circuit was simulated, the overall gain was found to be lower than expected. This is likely due to loading effects between the two stages, since the second stage presents a finite input resistance to the first stage. To improve the gain and bring it closer to the design target, the emitter resistors in both stages were reduced to . The revised gain of each stage is therefore:

The revised theoretical overall gain becomes: 

In practice, the actual gain is lower than this due to inter-stage loading and the transistors being non-ideal, but the reduction in emitter resistance increases the stage gain sufficiently to bring the simulated overall gain much closer to the target value.











[bookmark: _Toc226299655]Two-Stage Simulation Results and Analysis
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Figure 2.1
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Figure 2.2

The two-stage common-emitter amplifier was implemented in LTSpice using the calculated component values and simulated using a sinusoidal input signal of 10 mV at 1 kHz. The output voltage was measured after the output coupling capacitor with a high-value load resistor to minimise loading effects.
The initial design, using emitter resistors of , is shown in Figure 2.1. The simulated output waveform was observed to be in phase with the input signal, as expected for two cascaded common-emitter stages. From the waveform, the output amplitude was approximately 70mV for a 10mV input, giving an overall voltage gain of approximately:

This value is lower than the theoretical prediction. The reduction in gain is primarily due to loading effects between the two stages, as the input impedance of the second stage loads the output of the first stage, reducing its effective gain.
To improve the performance, the emitter resistors in both stages were reduced to , as shown in Figure 2.2. This increased the gain of each individual stage. The resulting output amplitude was approximately 100–110 mV for the same input signal, corresponding to an overall voltage gain of:

This result is close to the design target of 10 and represents a significant improvement over the initial design.
Overall, the simulation demonstrates that while theoretical calculations provide a useful starting point, practical factors such as inter-stage loading must be considered. The refinement of component values allowed the amplifier to meet the required performance more closely.

[bookmark: _Toc226299656]Impedance Verification 
The input and output impedance of the amplifier were estimated to assess their effect on circuit performance and loading.
The input impedance of each stage is determined by the biasing network and the transistor characteristics. It can be approximated as:

Using the selected component values, the input impedance is dominated by the parallel combination of the biasing resistors:

This relatively high input impedance ensures that the amplifier does not significantly load the signal source.
The output impedance of each stage is primarily determined by the collector resistor:

When a load is connected, the effective collector resistance is reduced, which decreases the voltage gain. This helps explain differences between theoretical and measured results, particularly in multi-stage configurations.


[bookmark: _Toc226299657]Practical Results and Comparison
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Figure 3.1 Gain 10
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Figure 3.2 Gain 5

The amplifier circuits were constructed and tested using the following laboratory equipment:
· Breadboard
· 2N2222 NPN transistors
· Resistors and capacitors (as per design)
· DC power supply (10V)
· Function generator
· Oscilloscope
· Digital multimeter
· Connecting wires
 The two-stage amplifier was constructed on a breadboard using the calculated component values. A sinusoidal input signal of approximately 100 mV at 1 kHz was applied using a function generator, and the input and output waveforms were observed using an oscilloscope. The increased input amplitude was used to improve waveform visibility and does not affect the calculated voltage gain, provided the amplifier operates within its linear region. No distortion was observed, confirming linear operation.
 Figure 3.2 shows the measured input and output waveforms for the single-stage amplifier. The output signal is inverted relative to the input, as expected for a common-emitter configuration. From the oscilloscope display, the input amplitude is approximately 200mV peak, while the output amplitude is approximately 1.0V peak, giving a voltage gain of 5. 
 This result is in good agreement with both the calculated and simulated values for the single-stage amplifier.
 Figure 3.1 shows the measured waveforms for the two-stage amplifier using the refined design with  emitter resistors. In this case, the output signal is in phase with the input, which is consistent with two cascaded common-emitter stages. The input amplitude is approximately 100mV peak, and the output amplitude is approximately 1.0V peak, giving a voltage gain of 10.
 This closely matches the simulated gain of approximately 10.5 and satisfies the design requirements for the two-stage amplifier. 
 Although the experimental results showed good agreement with theoretical and simulated values, some discrepancies were observed. These can be attributed to component tolerances, variations in transistor gain (β), and measurement limitations of the oscilloscope. Additionally, breadboard construction can introduce noise and parasitic effects. Future improvements could include the use of more precise components, improved bias stabilisation, and buffering between stages to reduce loading effects.
 Overall, the practical results show good agreement with both theoretical calculations and simulation. Minor differences in measured gain can be attributed to component tolerances, variations in transistor parameters, and additional loading effects present in the physical circuit.












[bookmark: _Toc226299658]Conclusion
This report has presented the design, simulation, and practical evaluation of single-stage and two-stage common-emitter amplifiers. The initial single-stage amplifier achieved a voltage gain of approximately 5, which was consistent with both theoretical calculations and simulation results. The addition of an emitter bypass capacitor was shown to significantly increase gain, although this came at the expense of stability.
 A two-stage amplifier was then designed to achieve an overall voltage gain of approximately 10. The initial design produced a lower-than-expected gain due to loading effects between stages. By refining the design and reducing the emitter resistors, the final circuit achieved a gain of approximately 10.5 in simulation and approximately 10 in practical testing, meeting the design requirement.
Overall, good agreement was observed between theoretical, simulated, and practical results, with minor differences attributed to non-ideal component behaviour and circuit loading. The work highlights the importance of iterative design, as well as the need to consider practical limitations when developing amplifier circuits.
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