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[bookmark: _Toc36409635]Introduction: 

Goal Of Assignment:
For this assignment, multiple tasks covering the research of different transistor amplifiers, producing a design of a operational amplifier, simulating and building the operational amplifier.  Once these tasks have been completed, a discussion will be made on the findings, such as on the simulation, the real circuit and how they may differ from the calculations made in the design of the circuit. 

Transistor Basics: 
A transistor is mainly used in the amplification of incoming signals going into the circuit or can be used as a switch in switching circuits. Transistors are typically semi-conductor devices which have three different terminals: the base, the collector and the emitter. General materials used in the construction of a transistor are silicon, germanium and gallium-arsenide. 

Transistor To Be Used: 
For the operational amplifier a ‘BC109’ transistor was the specified transistor to be used. This means that any calculations made will be made from manufacturer’s data sheets for the ‘BC109’ transistor. 
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Basics: 
Transistors are generally separated into two categories: bipolar junction and field effect transistors. These are then broken down into different subtypes. 
Bipolar Transistors:
Bipolar Transistors come in two different forms which are NPN and PNP transistors. Bipolar transistor works by using 0.7v to operate. In the table below, the characteristics of the bipolar junction transistors are shown: 
	Parameter
	Common Emitter
	Common Collector
	Common Base

	Voltage Gain
	40
	1
	200

	Current Gain
	200
	200
	1

	Power Gain
	8000
	200
	200

	Input Resistance 
	2.5KΩ
	100KΩ
	200Ω

	Output Resistance
	20KΩ
	100Ω
	100KΩ

	Phase Shift
	180°
	0°
	0°


(Bird, 2017)

NPN transistors consist of an emitter and collector made from N type materials (negatively charged part of the transistor) and the base is made from P type materials (Positively charged part of the transistor). 
[image: ]Basic diagram of NPN transistor



                         NPN Symbol

NPN Transistors can be used as a switch and is operated in two modes, either on or off. In devices which require a high amount of power when used as a switch, the transistor will work in saturation mode. The NPN transistor can also act as an amplifier in order to induce a large increase in the incoming voltage. Another use of NPN transistors are in a Darlington pair, where one transistor will feed into another transistor from its emitter to the other one’s base in order to amplify week signals. 
PNP transistors are basically the opposite of NPN transistors in their construction. On a PNP transistor the collector and the emitter are made from P type materials and the base is made from the N type materials. 
[image: ]Basic diagram of PNP transistor
[image: ]PNP Transistor symbol
PNP transistors can be used as switches, conducting currents for use in large/ heavy motors. These transistors may also be used as amplifiers in circuits which have another PNP transistor in order to form a two-stage amplifier. (Bird, 2017)  

















Field Effect Transistors:
Field effect transistors, like bipolar transistors have three terminals. These are the gate, drain and the source but they can also have a fourth type of terminal called the substrate. Field effect transistors can be separated into a few different subtypes which are: 
· JFET
· N-Chanel type JFET
· P-Chanel type JFET
· MOSFET
· N-Chanel MOSFET
· P-Chanel MOSFET
Field effect transistors are a uni-polar type of transistor as they use single channel operation whereas bipolar transistors, use a bipolar junction in operation. Field effect transistors also have a higher gain than that of a bipolar transistor. These transistors are classified as ‘unipolar’ devices as the main current which flows through these transistors, flows through either the n-type semiconductor or p-type semiconductor. (HUB, 2019)  
As shown by this table, it is shown the gain on the FET types of transistors far exceeds that of a bipolar junction transistor: 
	Parameter
	Common Source
	Common Drain
	Common Gate

	Voltage Gain
	40
	1
	250

	Current Gain
	200,000
	200,000
	1

	Power Gain
	8,000,000
	200,000
	250

	Input Resistance
	1MΩ
	1MΩ
	500Ω

	Output Resistance
	50KΩ
	200Ω
	150KΩ

	Phase Shift 
	180°
	0°
	0°


(Bird, 2017)













JFET Transistors: 
JFET stands for junction field effect transistor. As stated in the name a JFET transistor are used as switches but can also be used as both amplifiers and resistors. A JFET transistor is a device that is controlled by the voltage and does not need any sort of biasing current. A voltage supplied between the gate and the source controls the current between the drain and the source. JFET transistors come in both N-channel and P-channel types. When doping the channels on the transistors, the N-channel is doped with impurities resulting in a negative current flow and the P-channel has acceptor impurities doped into it so that a positive current flow into it. (ALLABOUTCIRCUITS, n.d.) 
The voltage needed to control a JFET transistor is around 3v-4v. 
Construction of both ‘N-Type’ and ‘P-Type’ JFET transistors: 
[image: ]
MOSFET Transistors: 
A MOSFET (metal–oxide–semiconductor field-effect transistor) operates using the same principles as that of a JFET transistor but with the main difference being that the gate terminal is insulated from the conductive channels. These transistors are known as ‘voltage controlled’ transistors requiring around 8v to activate the transistor. With a MOSFET transistor, it is possible to bias the gate on the transistor in either a positive or negative polarity unlike that of a JFET transistor. 
As with JFET transistors, the MOSFET transistors have a high input resistance which can gain a high static charge and will result in the transistor being damaged. 
MOSFET transistors may be used in two ways, depletion and enhancement. In a depletion type use of a MOSFET, a voltage source at the gate will cause the gate to deactivate the device, whereas the enhancement type is the opposite, requiring a voltage at the gate to activate the device.  
Construction of MOSFET transistor: 
[image: ]
(electronicsforu.com, 2019) 
[bookmark: _Toc36409637]BC109 Transistor Data Sheet: 

In order to carry out the calculations properly, a data sheet on the transistor needed to be acquired. This was done by researching data sheets for the ‘BC109’ transistor. 
[image: ]
[image: ]
[image: ]
Source Of datasheet: (multicomp, 2006)
[bookmark: _Toc36409638]Calculations:
For this task, a target of a gain of ‘13’ has been set in order to be achieved, using 9V for the supply. Once the calculations were complete, a diagram on the values and location of each component was created. 
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[image: ]
[bookmark: _Toc36409640]Simulation:

By using a tool called ‘Multisim’ a simulation can be carried out in order to check that the amplifier values are correct and to get an idea on how the circuit will behave and perform. 

Below is the circuit which has been constructed in Mulitsim: 
[image: ]
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Once the build of the circuit was completed, a simulation run of the circuit was carried out in order to get the estimated value.
Below are the results of the test of the circuit: 
[image: ]
From the simulation, the estimated Vout and Vin values can now be used to calculate the gain of the circuit and can be compared to the original specification. Using the calculation  the simulated gain for this circuit can be calculated. 
For this circuit, the peak to peak of channel B was 4.784V and channel A was 0.392V (3.dp). 
Using this, the gain worked out to be:

The Gain that specified to be 13 and the result was 12.2. The reason why the gain was lower than expected was most likely due to errors when calculating resistor values such as from rounding the figures calculated and from estimating information from the transistor data sheet. For this transistor the gain is close enough to the specified gain to be acceptable. Another part of which the simulation and calculation which are in an acceptable limit of the specification are the voltages and amperages across the components means the calculations were accurate enough to be in acceptable limits but could have been more accurate.


[bookmark: _Toc36409642]Input And Output Impedance Of Amplifier: 

Input Impedance: 
By using a calculation, the input impedance of the circuit can be found. The calculation for input impedance is:
 


[bookmark: _Hlk36388997]Input Impedance=11,006.1Ω
Input Impedance=11KΩ

Output Impedance:
For the output impedance of the capacitor, the equation is:
 . 
As specified in the assignment, the output audio equipment has an impedance of 600Ω which is .


Output Impedance =529.4117Ω
Output Impedance= 530Ω

(Electronics Tutorials, 2016- Approx)







[bookmark: _Toc36409643]Amplifier With Capacitor On Emitter Circuit: 

The addition of a capacitor on the emitter of the circuit, the gain can be increased. A capacitor acts as a bypass for the ac voltage around the emitter resistor which cleans the DC signal in the circuit. For AC voltage it acts as a short circuit but for the DC voltage, it acts as an open circuit. (breakdown) The addition of the capacitor while increasing the gain, it also increases the circuit impedance. (elprocus, n.d.) 

Circuit with addition of capacitor: 
[image: ]









Output With Capacitor:
[image: ]
Gain= Vout/Vin
Gain= 8.214V/399mV
Gain= 20.6(1.DP)
With the addition of the bypass capacitor, the output gain has increased from around 12.2 to 20.6. This shows that the theory on how the bypass capacitor increases the gain is correct but the capacitor also caused the voltage to be cut off at the bottom. 














[bookmark: _Toc36409644]2 Stage Transistor Amplifier With Gain Of 50:

For the next task, a two-stage amplifier with a gain of 50 has been specified. This was done by adding on an additional operational amplifier to the output of the first operational amplifier circuit. 
[image: ]
[image: ]As seen in the graph above, the total gain is 49.47 (2.DP). This was achieved by altering the resistors R8 and R7 altering the amount of current allowed to flow through the transistor in order to achieve the correct gain. The additional operational amplifier also reinverted the signal to the original orientation of the input signal. 

[bookmark: _Toc36409645]Build Of Operational Amplifier:

Now that the simulation and calculations have been complete, a build of the operational amplifier can be made. 
[image: ]
For this build, bread board was used along with solder for each of the connections. 
[image: ]
Now with the circuit built, it could now be tested on the equipment which includes a function generator, power supply and an oscilloscope. 
[image: ]

[image: ]
Now with the operational amplifier connected, it can now be tested in order to ensure that it works correctly. 
[image: ]
With the testing of the circuit the results came back similar as to how the Multisim simulation predicted it to occur. The gain of this circuit ended up being: 

The gain for the real built circuit was lower than what was wanted by the initial specification but within an acceptable percentage. This is likely due to tolerances in resistors, temperature as well as rounding being made for resistor values as the selection of available resistors at the time of the build of this circuit was limited. 







[bookmark: _Toc36409646]Conclusion:

 Overall, this assignment was a success in the design, simulations and testing of an operational amplifier designed to have a gain of 13 and a supply of 9V. This assignment proved the transistor calculations were correct but due to human error, such as estimating the gain figure for the transistor, the calculations will be different from simulation and reality. Other factors which affect the real test is that the resistors have different values as they have tolerances in their build and there were rounding errors in the estimated values for the resistors in the calculations. 
Another lesson which was learned from the simulations was that if you add on another operational amplifier to the output of the first operational amplifier then you can reinvert it to the original phase. 
Also, in this assignment it was found out that by adding a capacitor to the circuit emitter, it would increase the gain. The theory of this is that the capacitor acts as a bypass to the resistor and the theory was proven to be correct by that of the simulation. 
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