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The main types of transistors are Bipolar Junction Transistors (BJTs). The main types of BJTs are NPN and PNP, these 2 I will be studying and using during this report.
Transistors find applications in various electronic systems, including audio amplifiers, radio and TV receivers, computers, smartphones, power supplies, medical devices, and numerous other consumer and industrial electronics.
In summary, transistors are foundational to the field of electronics and have a wide range of applications, contributing to the efficiency, compactness, and versatility of electronic systems. Their continued development and integration into advanced technologies are essential for the ongoing evolution of electronic devices and systems.
During this report I will be showcasing my skills and knowledge of transistor amplifier circuits. I will be drawing, simulating and using physical components during my tasks. 
Finally, I will be analysing my results comparing to my calculations.
[bookmark: _Toc161818643]
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The objective of this assignment is to showcase my knowledge and simulation of transistor amplifier circuits. This task will involve designing and assessing (via simulation and drawings) both single-stage and two stage amplifiers. For each amplifier, I will use comprehensive design calculations along with a circuit schematic. I will utilize appropriate simulation software such as Multisim to simulate the circuits, and present a collection of results to validate my design. 
I will prove and justify my selection of components, demonstrating my capability to evaluate the design's quality in terms of efficiency and reliability.
To fulfil this objective, I have compiled a detailed report. The production of this report will showcase proficient IT skills, a blend of primary and secondary research, critical thinking and proficiency in academic skills such as referencing and report writing. 
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Common Emitter 
The common emitter transistor amplifier configuration is one of the most widely used configurations in electronic circuits. It is a type of bipolar junction transistor amplifier. In this configuration, the transistors emitter terminal is common to both the input and output signals.
Some of the most everyday circuit uses for a common emitting amplifier are: Inverting Amplifier, Voltage Gain, Current Gain, Biasing and Coupling capacitors.
An inverting amplifier with common emitter means that a positive input signal will change to a negative output signal, this also works the opposite way around. Inverting amplifiers are commonly used in soundboards, or sometimes called audio mixers, “to add different audio signals while maintaining individual control over each of them. They also play a key role in crucial fields such as data converters. Many Analog-to-Digital Converters (ADCs) use an inverting amplifier stage in their input buffer.” (Study Smarter, 2024)
Voltage gain circuits are from rare, we see these in our everyday life. “A voltage gain amplifier is an electronic device that varies its gain depending on the applied control voltage (CV). Voltage gain amplifiers are in use in various applications, including synthesizers, amplitude modulation, and audio level compression.” (Cadence PCB Solutions, 2024)
Voltage gain amplifiers are also commonly called variable gain amplifiers (VGA). VGA was used a lot in Cable TV and communications, now has since been replaced by the newer HDMI and Display Port. 
The common emitter transistor configuration also provides a significant current gain. The transistor's beta (β) value is a measurement of this current gain. Current gain amplifiers are mostly used in audio and telecommunication systems. “Current gain amplifiers increase signals for long distance transmission and increase the magnitude of audio signals.” (Electricity Magnetism, 2024)
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Figure 1.
This is a circuit diagram for a Common Emitter Configuration
(ECStudio, 2021)



Common Base
The common base transistor configuration is a commonly used configuration in electronic circuits. In the common base configuration, the base terminal is common to both the input and output signals.
The input signal is applied to the emitter terminal of the transistor and the output is taken from the collector terminal.  Unlike the common emitter configuration, the common base configuration creates the option for a non-inverting voltage gain circuit. This means that a positive input signal results in a positive output signal.
Voltage gain circuits are still used with a common base amplifier, although less used. The voltage gain in a common base amplifier is less than a common emitter amplifier, but it is still used in circuits that require a low input impedance and high voltage gain.
The input impedance of a common base amplifier is low, which makes it a persuasive choice when a low input impedance is needed. “Impedance is the resistance to a flow of alternating current. Represented by the symbol Z, it is measured in units called ohms (Ω).” (TOA Canada Corporation, 2024) Low impedance circuits are often used for sound systems in your home, car, restaurants and sometimes nightclubs. Also, low impedance is ideal for short cable runs, these are used uncounted times inside a car.
Biasing is used to ensure the transistor operates in its active region. Biasing involves setting the DC operating point of the transistor. Biasing is used in circuits with both analog and digital operation, without biasing Bipolar Transistors (BJTs) would not be able to distribute a required output.
Common base amplifiers are usually used in high-frequency circuit amplifiers, due to their lower input impedance. 
[image: ]Figure 2.
This is a circuit diagram for a common base configuration.
(Electronics Tutorials, 2019)

Common Collector 
In this configuration, the collector terminal is common to both the input and output signals. Common collector electronic circuits are used for impedance matching and voltage buffering.
This means the input signal is applied to the base terminal of the transistor and the output is taken from the emitter terminal. (Electronics Tutorials, 2019)
The common collector configuration offers a high input impedance and a low output impedance. This makes it suitable for impedance matching and driving loads with different impedance values.
Like the common base configuration, the common collector configuration provides a non-inverting voltage gain. A positive input signal results in a positive output signal.
Common collector amplifiers are commonly used in audio amplifiers, voltage regulators, and applications where impedance matching, and low distortion are important. The configurations capability to provide a voltage gain while maintaining high input impedance and low output impedance makes it suitable for these applications.
[image: ] (El-Pro-Cus, 2024)
Figure 3. This is circuit diagram for a common collector configuration.

Applications
Transistors are fundamental electronic components that play a crucial role in the functionality of electronic systems. Some of those applications are:
Transistors can amplify signals, making them larger in magnitude. This property is fundamental for audio amplifiers, radio frequency amplifiers, and a wide range of signal processing applications.
Transistors have the ability to act as electronic switches, either permitting or obstructing the current flow.
Transistors are used in voltage regulation circuits, helping maintain a stable output voltage despite variations in input voltage or load conditions. 
Transistors are extensively used in analog and digital signal processing circuits. They enable functions such as filtering, amplification, mixing, and oscillation, which are essential for audio processing, communications, and various sensor applications. (soundboards)


Components inside a common emitter transistor circuit
The resistor inside of the common emitter transistor amplifier is used for multiple utilization. R1 and R2 holds the base voltage. Re is used to control the voltage drop. Rl is there to provide a stable operating point for the transistor and to provide a high voltage gain. 
The capacitors (C1 and C2) inside of the transistor amplifier have a crucial role. They are used as coupling capacitors to separate the AC signals from the DC biasing voltage. (Electronics Tutorials, 2019)


[bookmark: _Toc161818645][bookmark: _Toc164241716]Equipment/Apparatus
During the simulation and circuit building exercise we needed to use different sets of equipment and components. The main 3 pieces of equipment were a function generator, oscilloscope and power supply; Without these pieces of equipment building this circuit would not be possible. 
The function generator is used to create waveforms that’s why it is attached to the input. “This is a piece of electronic test software or equipment that is used for the purpose of generating various kinds of electrical waveforms over a broad range of frequencies.  Some of the most common waveforms created by a function generator are sawtooth shapes, triangular wave, square wave, and sine wave.” (Rigol, 2024)
An oscilloscope is an instrument that graphically displays electrical signals and shows how those singles change over time. Engineers use oscilloscopes to measure electrical phenomena and quickly test, verify and debug their circuit designs. (Tektronix Expert, 2021)
The power supply or power source is needed for an electronic circuit in the world, whether it be a battery or power supply. I used a DC power supply during my report with 12V.
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Vcc = 12V, Voltage Gain = 5V, β = 100 (Current Gain), RL=600Ω
Vc= 6V

The first step is to find the Vc this is found by dividing the input (Vcc) by each part of the circuit.

RL = RC
Rc=600Ω
Thevenin’s theorem is used to find the impedance. Impedance is used to make sure the maximum power is transferred. 
Ic =   = 10mA

Ib =  = 
Ib = 100µA

Voltage Gain = Av = 

Re = =  = 120Ω

I2 = 10*100µA
I2= 1000µA

I1= 11*100µA
I1 = 1100µA

Ic = Ie = 10mA

Ve = 120Ω * 10mA = 1.2V

VR2 = Ve + 0.7V
VR2= 1.9V

VR1 = 12- VR2
VR1= 10.1V

R1 = 
R1= 9181Ω or 9.1KΩ

R2 = 
R2 = 1900Ω or 1.9K


[bookmark: _Toc164241718]Multisim Single and Dual Stage Amplifier Simulation



[image: ]

Figure 4. This screenshot shows the correct positioning for all components but without the values and before the testing equipment was added.
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Figure 5. This is the finished simulation on multisim. This is including connecting the oscilloscope and function generator. 
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Figure 6. This screenshot is the first result on Multisim’s oscilloscope I had when testing my circuit. 
I noticed the output signal wave was interrupted towards the bottom, through testing with different components and values I was able to resolve this issue. To eliminate this interrupt, I had to add a 1 capacitor, named C2 on this circuit. On a single-stage amplifier this capacitor is called a bypass capacitor. The value I used was a 1µF.
[image: ]Figure 7. This screenshot shows the Multisim Oscilloscope Values. 
[image: ]These were the values after I implemented the bypass capacitor. On this graph I used 1V/Division. 

Figure 8. This graph shows the same values but with a 2V/Division, making the sine waves smaller and easier to calculate.

Dual stage Amplifier 
Task 2, i. This task was to simulate a two-stage amplifier with an overall gain of 10. 
[image: ]This is the full circuit simulation for the 2-stage transistor amplifier using multisim. This circuit includes all the correct values and frequency. This circuit outputs a gain of 10.  

Figure 9. This is a circuit diagram on multisim of a two-stage amplifier.










[image: ]Figure 10. This shows oscilloscope reading values for the two-stage amplifier, using 2 Volts per division. 
Below is some calculation I needed in order to find the voltage gain of the circuit.
Output 2V per division *2 for height of diagram * 1000 for mV Reading
1.6 * 50mV per division
8000 / 1.6*500 = 10 Gain
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[image: C:\Users\ive20857781\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\C9D89F4C.tmp]In order to complete task 3, I needed to create a physical circuit based on the design and simulation conducted in task 2a and c; Using laboratory instruments and equipment to confirm our results. 
Figure 11. This is my finished breadboard design. 
On this board I used:
	Component
	Value

	Transistor
	BC109

	Capacitors
	10uF

	Resistor
	680Ω, 120Ω, 1.8KΩ, 10KΩ

	Connecting Wires
	N/A



These values above will not match my circuit simulation. This is because the college only has certain values. The college has all values from the E12 Resistor values.

[image: ]
Figure 12. I used this circuit simulation to build the physical breadboard. 
The new values I have got are:
R1: 10KΩ
R2: 1.8KΩ
RC: 680Ω
RE: 120Ω
Using these different values should still give the same voltage gain.



Figure 13. This picture shows the left side of the breadboard circuit. 
This is the base leg from the transistor (BC109), R2, R1, C1 and input for the oscilloscope and function generator. 

[image: C:\Users\ive20857781\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\E5039CEF.tmp]

[image: C:\Users\ive20857781\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\1C043096.tmp]
[bookmark: _Toc161818648]Figure 14. This image shows the right side of my breadboard build. 
This side of the breadboard includes transistor legs common emitter and collector. This is also where I have connected the ground and power for the power source, I am using a DC Power supply. Transistor leg common emitter connects to the Re 120Ω resistor then straight to ground. 


[image: ]
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Figure 15. This is the testing instrument called the oscilloscope. This image shows my voltage gain from input to output. 
This was my result. Then input and output waves are inverting and giving a voltage gain of 5.

This is the same reading I got when using this circuit via multisim, even though I used different resistor values.
[image: ]


















Figure 16. This is a picture of me with my finished breadboard circuit.


[bookmark: _Toc161818650][bookmark: _Toc164241720]Evaluation

I was tasked to create a 4-resistor configuration for a single stage common emitter amplifier. I was given the choice of 2 transistors, a 2N2222 NPN or BC109 NPN. I used the BC109 for this circuit design. 
First, I drew my circuit on paper and done all calculations; From these calculations I found that I needed to design a circuit with a voltage gain for 5 volts. 
Next, I was asked to simulate my circuit drawing onto a Computer-Aided Design (CAD) Software. I chose to use multisim because I have used it before in my studies. After completing the simulation, I got an output gain of 5 volts. 
The following task was to create a two-stage amplifier aiming for an overall gain of 10; This task proved to be slightly harder but I got there in the end. 
I now had 2 multisim circuits with my correct calculated values of 5 and 10 Gain.
Task 3 was to create a physical circuit board based on my design and simulation of task 2. This is one of my least favourite things to do… 
I built the circuit board design with ease, since I have done this before, but then came the hardest part which is testing it works; This meant I had to use laboratory instruments to confirm the design to the original specifications. 
It took some time, but I managed to complete the testing and compare both physical and simulation circuits together, they in fact had matching voltage gains despite the fact I used different resistor values. 
[bookmark: _Toc161818651]

[bookmark: _Toc164241721]Conclusion

To conclude, I have shown that I can design and simulate circuits, whether online via CAD software or on a physical breadboard. I have demonstrated I can use electronic calculations. I displayed the use of laboratory equipment in testing of circuits. I have supplied my information with references from valuable sources. Using physical components, I was able to complete a single-stage amplifier with testing. 
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