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Introduction

In this report, I will extensively explore the diverse configurations of transistors, delving into their unique characteristics and applications within electronic circuits. Through an examination, I will provide information of components such as resistors and capacitors, telling you about their crucial roles in shaping circuit behaviour and performance.
I will provide a thorough overview of transistor configurations, including common emitter, common collector, and common base setups. Each configuration will be examined to highlight its advantages and disadvantages.
Moreover, I will be reporting on the considerations involved in selecting and using certain components within transistor circuits. This includes an analysis of resistor values, capacitor characteristics. For instance, coupling capacitors, highlighting their influence on signal amplification, stability, and frequency response.
Lastly, I will practically be constructing both single-stage and two-stage amplifiers. For each amplifier design I will be using a software called ‘MultiSim’ to produce my designs for the single and two stage amplifier and will use my calculations to help with the design process. 



Objectives

1. To demonstrate the ability to use my research skills to find key information about transistors amplifiers and what’s included in the circuitry such as the components used and why they are used.

2. To design and simulate the transistor amplifier circuits. 

3. To provide each amplifier configuration, comprehensive design calculations and circuit schematics. 

4. To justify the selection of components utilized in the amplifier designs by showing a great understanding of the components used.








Theory/Research
Transistor Amplifier Configurations
3 Types of transistors amplifier configurations are; Common Base, Common Emitter and Common
‌ [image: BJT Common Base Amplifier - Analog Electronics Course]
Figure 1, Common Base. electronics-course.com. (n.d.). BJT Common Base Amplifier - Analog Electronics Course. [online] Available at: https://electronics-course.com/bjt-cb-amp [Collector  Basic Electronics Tutorials. (2019). Common Base Amplifier Configuration. [online] Available at: https://www.electronics-tutorials.ws/amplifier/common-base-amplifier.html.] 

The Common Base Amplifier is a bipolar junction transistor (BJT) configuration where the base terminal is common to both input and output signals, therefore its name common base (CB). While less common than the common emitter (CE) or common collector (CC) configurations, it's still used due to its unique characteristics.  
  
In this configuration, the input signal is applied to the emitter terminal, and the output is taken from the collector terminal. So, the emitter current serves as the input current, and the collector current serves as the output current. To function as a common base amplifier, the base-emitter junction must be forward-biased. 

 [image: Schematic for basic BJT common emitter amplifier. | Download Scientific  Diagram]
Figure 2, Common Emitter. 
Remote lab for experiments on a small-signal bipolar-junction transistor amplifier - Scientific Figure on ResearchGate. [Electronics Tutorials (2018). Common Emitter Amplifier and Transistor Amplifiers. [online] Basic Electronics Tutorials. Available at: https://www.electronics-tutorials.ws/amplifier/amp_2.html.]
Transistor amplifiers amplify alternating current (AC) input signals that fluctuate between positive and negative values. Biasing, a process to preset the common emitter amplifier circuit, ensures the transistor operates within these peak values, reducing distortion in the output signal.  
In the transistor amplifier design biasing is important as it helps reduce distortion which will help find the correct operating point.  
  
If you were to put a DC load line onto the output characteristics curves of an amplifier will help visualize all possible operating points of the transistor, helping find the Q-point (quiescent operating point)  
 



 [image: Common Collector Amplifier or Emitter Follower Circuit and Its Applications]
Figure 3, Common Collector. ElProCus - Electronic Projects for Engineering Students. (2017). Common Collector Amplifier or Emitter Follower Circuit and Its Applications. [online] Available at: https://www.elprocus.com/common-collector-amplifier-circuit-working/. 
 [Electrical Tutorials (2019). Common Collector Amplifier. [online] Basic Electronics Tutorials. Available at: https://www.electronics-tutorials.ws/amplifier/common-collector-amplifier.html.]

The Common Collector Amplifier is a type of bipolar junction transistor configuration. With this setup, the input signal goes to the base terminal, and then the output signal is taken from the emitter terminal. The collector terminal serves as a common point for both input and output circuits. This configuration is known as Common Collector (CC) because the collector terminal will be grounded through the power supply.  
Compared to the common emitter (CE) configuration, the common collector (CC) configuration moves the connected load resistor from the collector terminal (RC) to the emitter terminal.  
The common collector, or grounded collector, configuration is typically used when a high impedance input source needs to be connected to a low impedance output load, requiring a high current gain. 

[image: A screenshot of a computer

Description automatically generated]
Figure 4, Table displaying the similarities and differences between the Common Emitter, Common Base and the Common Collector. [Poriyaan (2023). Common Collector Amplifier - Comparison of CE CB and CC Amplifiers. [online] ECE Department. Available at: https://ece.poriyaan.in/topic/common-collector-amplifier-20229/ [Accessed 20 Mar. 2024].
Through researching the Common Emitter, Common Base and Common Collector I uncovered a table [Figure 4] that provides a clear display of their similarities and differences. 
As can be identified from the table, the Voltage Gain column highlighted ‘Characteristics’ shows clear differences between all three transistors. 

 Capacitors 
Coupling capacitors are used in the amplifier circuit to isolate dc so that the biasing of the amplifier is not disturbed therefore it allows AC and DC voltage to be applied to the transistors without affecting each other. The coupling capacitors are used to isolate DC signals from one stage to another. 
 
“Coupling refers to the method used to transfer the signal from one stage to the next. There are three basic types of amplifier coupling: Capacitive, direct and transformer. Capacitive coupling is useful when the signals are alternating. Coupling capacitors are selected to have a low reactance at the lowest signal frequency. This will then give good performance over the frequency range of the amplifier. Any dc component will be blocked by a coupling capacitor...” (Schuler, C.A. (1996, p.184). 
“Coupling capacitors used in transistor circuits are often of the electrolytic type. This is especially true in low frequency amplifiers.”  (Schuler, C.A., 1996, p.185).



Resistors

The resistor is a passive electrical component that creates resistance in the flow of electric current. In almost all electrical networks and electronic circuits they can be found. The resistance is measured in ohms (Ω). An ohm is the resistance that occurs when a current of one ampere (A) passes through a resistor with a one volt (V) drop across its terminals. The current is proportional to the voltage across the terminal ends. (EEPower, 2023).

 
From my research I know that Resistors are used to set the correct operating point, known as bias, for the transistor by supplying the required DC voltages and currents.   
I also found out about signal coupling, which is where resistors link the input and output signals to and from the transistor stages while preventing any DC components. This ensures that the AC signal can pass through while keeping the DC bias intact. 

Resistors are used for many purposes. A few examples include limiting electric current, voltage division, heat generation, matching and loading circuits, gain control, and setting time constants. They can be used as electric brakes to dissipate kinetic energy from trains or be smaller than a square millimetre for electronics. (EEPower, 2023).
‌The voltage divider is biasing the transistor which reduces the effects of Beta allowing a constant level of voltage meaning the stability is greater when used. 



Equipment/Apparatus

Frequency Generator
“It is used to produce different types of signals and frequencies for a variety of purposes such as testing and troubleshooting.” (Tabor Electronics, 2021). 



Oscilloscope
“An oscilloscope, formerly known as an oscillograph is an instrument that graphically displays electrical signals and shows how those signals change over time. Engineers use oscilloscopes to measure electrical phenomena and quickly test, verify, and debug their circuit designs. The primary function of an oscope is to measure voltage waves. The oscilloscope will also measure other signals such as frequency, current, DC Voltage, capacitance, inductance and sound showing that the oscilloscope is an excellent piece of equipment.” (Tektronix Expert, 2021). 

[image: A white electronic device with a black wire

Description automatically generated]
Figure 5, Oscilloscope [Jimblom (2019). How to Use an Oscilloscope - learn.sparkfun.com. [online] Sparkfun.com. Available at: https://learn.sparkfun.com/tutorials/how-to-use-an-oscilloscope/all.]




Experimental Procedure/Methodology


In order to get efficient results, I will utilise specific design parameters. These parameters included: Vcc = 12V, hfe = B = 100, Vbe = 0.7V, Av = 5. Allowing me to complete calculations in order to produce accurate voltage gain for my single stage and two stage transistor amplifier circuits.

Utilise ‘MultiSim’ which is an online simulator where I can create, design and test circuits. Using it to create a four-resistor configuration for a single stage and two stage common emitter amplifier. In doing so, using this simulator will allow me to meet my objectives. 

In terms of practical elements, I will be using equipment provided by my college to carry out the construction of the single stage transistor amplifier. To do this, I will use a breadboard and components such as cable, transistor, four resistors and two capacitors. By using these I will be able to complete the circuit ready for using the oscilloscope, power supply and the frequency generator. 

For evidencing this procedure, I will have taken pictures of my completed circuit, the input and output as the oscilloscope will provide. I will also have taken screenshots of the simulation and of the circuit. 



[bookmark: _GoBack]






Results & Analysis

Calculations
These are my calculations used for my 4-resistor configuration for my single stage common emitter amplifier.





































My R1 and R2 Calculations


=



Single Stage Transistor Amplifier
[image: A computer screen shot of a computer program

Description automatically generated]
Figure 6, Circuit diagram of a Single Stage Transistor

The image above displays the finished 4- resistor single-stage common emitter transistor amplifier. For this circuit I used the 2N2222A transistor. The resistor values were gained from my calculations as displayed earlier in this report. 














[image: A screenshot of a computer

Description automatically generated]
Figure 7, Oscilloscope demonstrating the input and output voltage. 

Channel A = Input Signal
Channel B = Output Signal

In the image above shows the input and output waves. From this I can work out the voltage gain.
To get the input signal for channel A I needed to times the 200mV by the number of blocks the peak wave reaches to which was 2, resulting in 400mV. Then I needed to find the output voltage which I can find from channel B. To get the output voltage I need to find the peak of the wave which from the image above you can see is 4 blocks and X by the scale which is 500mV giving me 2000mV. To find the voltage gain I will divide the voltage input by the voltage output giving me a voltage gain of 5Volts.

[image: A computer screen shot of a computer

Description automatically generated]
Figure 8, Function Generator

This electronic test instrument generates waves and used to test the design simulation. 
As a result, I obtained the desired wave formation meaning I could calculate and find the correct voltage gain. 





















Two Stage Transistor Amplifier
[image: A computer screen shot of a computer

Description automatically generated]
Figure 9, Displays a Two Stage Transistor Amplifier. 

The design shown above represents the fully assembled two-stage transistor amplifier that I constructed using the Multisim software, using the previous calculations that I worked out earlier in this report. The extra components used in this circuit was an extra transistor, four more resistors and three more capacitors.

[image: A computer screen shot of a computer

Description automatically generated]Figure 10, Oscilloscope demonstrating the input and output voltage. 

In this image you can see the wave results are like the single stage simulation I did however there is slight horizontal shift. To find the voltage gain from this graph I will need to repeat the process by finding the input and output voltage which is found using the values from channel A and channel B and timing them by the scale. 
I know that the input voltage is 400mV as it’s the same values and scale to the previous results, however I need to work out the output voltage because I have used a different scale.
The calculations for Channel B are finding the scale, which is 1V and can be shown as 1000mV, knowing that the peak on the channel B wave is 4 blocks I know that the total output voltage is 4000mV. To find the voltage gain I will divide the voltage input by the voltage output giving me a voltage gain of 10 Volts.

Throughout both simulations for the single stage and two stage transistor amplifier I kept the function generator values the same, the values can be seen in the image above.








[image: A close-up of a circuit board

Description automatically generated]
Figure 11, An image showing the completed single stage transistor amplifier circuit on a breadboard. 

In the image above, you'll find my finished Single Stage Transistor Circuit. Despite facing a shortage of resistors, I improvised with available ones whose values differed from those in the Multisim simulation. Even though these substituted resistors still delivered the required voltage gain of 5 volts. As for the capacitors, I utilized 10uF ones due to constraints in component availability, different from the ones used in the Multisim simulation. 





[image: A device with a screen and wires

Description automatically generated]
Figure 12, Oscilloscope showing the input and output waves.








[image: A black device with a display and wires

Description automatically generated]
Figure 13, An image depicting the Power Supply and Function Generator. 

These images show the equipment that I used, including an Oscilloscope, Power Supply, and Function Generator. Additionally, in one of the images, it is evident that the Input and Output waves observed match those obtained through Multisim software, indicating a voltage gain of 5 volts.





[image: A person working on a machine

Description automatically generated]
Figure 14, An image of myself operating the apparatus. 






Conclusion

In conclusion, this report explores three transistor configurations, displaying their advantages and the components integral to their operation. Furthermore, comprehensive calculations have been provided to support the design of both single and two-stage transistor circuits. These designs were implemented both virtually on Multisim software and physically on a breadboard, demonstrating a practical application of the theoretical concepts covered.
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