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Executive Summary 
The advent of electronic amplifiers has enabled the scientific and technical advancement that contributed significantly in daily lives with a thousand strands. We are using a wide range of  amplifiers in our homes and our workplaces. The primary specifications of an amplifier circuit include maximum power, frequency response, noise, and distortion which were identified during the modelling and simulation.
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[bookmark: _ewzm89cetgmi]Introduction
[bookmark: _GoBack]A common feature of analog base circuits is that they produce or process continuous analog signals over time. Their most widely used analog circuit is amplifiers. Depending upon the parameter that is amplified at the output, there are voltage, power amplifiers or less frequently current amplifiers. All three implications are very important: the amplifier’s working as an active linear four-pole. Depending on the number of stages of Amplification, there are Single-stage amplifiers and Multi-stage amplifiers. Single-stage amplifiers have only one transistor circuit while Multi-stage amplifiers have more than one transistor circuit. Based on the magnitude of the input signal we can categorise it as small and large signal amplifiers and the frequency range being used determines the amplifier could be an audio or signal amplifier.
[bookmark: _mdv1i5xw3kah]Determined by their mode of operation there are
· Class A amplifier : the biassing conditions in a class A power amplifier are such that the collector current flows for the entire AC signal applied
· Class B amplifier : the biassing condition in class B power amplifier are such that the collector current flows for half-cycle of input AC signal
· Class C amplifier : the biassing condition in class C power amplifier are such that the collector current flows for less then a half cycle of input signal
· Class AB amplifier : the class AB power amplifier  is one of the which is created by combining both class A and B in order to have all the advantages of both the classes and to minimise the problems they have
[bookmark: _rokfhxdc6dtu]Established the Coupling method
· RC Coupled amplifier - A Multi-stage amplifier circuit that is coupled to the next stage using resistor and capacitor (RC) combination
· Transformer Coupled amplifier - A Multi-stage amplifier circuit that is coupled to the next stage with a help of a transformer 
· Direct Coupled amplifier - A Multi-stage amplifier circuit that is coupled to the next stage directly 
[bookmark: _5g5e9odsbmo6]Controlled by the type of transistor configuration
· CE ( Common Emitter) amplifier - The amplifier circuit that is formed using a CE configured transistor combination 
· CB ( Common Base) amplifier - The amplifier circuit that is formed using CB configured transistor combination 
· CC ( Common Collector) amplifier - The amplifier circuit that is formed using a CB or Emitter following transistor configured transistor combination
[bookmark: _huz1smqh9bj3]Aims and objectives
The two key objectives of this report is to investigate three different types of transistor amplifier configurations which includes comparing their performance with regard to voltage, current, power gain, and impedance) and design and simulate a transistor amplifier circuit. The research based on secondary information derive from publish academics works eg. Google Scholar, newspapers, textbooks, and company websites.
[bookmark: _y532zd2r1hxp]Theory / Research
The design of the Bipolar Junction Transistor ( BJT ) have two types: 
[image: ]
Producing the BJT the semiconductor crystal made of three layers depending on the configuration can be N-P-N or P-N-P configuration. These two types of BJT are the foundation of an amplifier circuit. The basic amplifier circuits are voltage amplifiers where the output voltage is proportional with the input voltage [1; 4].
There are many ways to connect a BJT but amplifier circuits using one of three transistor configurations. There are common base, common collector (emitter follower) and common emitter and during the electronic circuit design process we will come to a conclusion which is the best configuration for our amplifier.[1; 4] 
[bookmark: _on24syg1ie0n]Transistor Common Emitter Amplifier
The common emitter transistor amplifier circuit is offering many advantages. One of the mainstay circuits for use within electronic circuits. This configuration is used in many areas of electronic circuit design: as an audio amplifier, as a switch for logic circuits, as a general amplifier in many other applications. The common emitter circuit configuration provides voltage gain combined with a moderate current gain, as well as a medium input and a medium output impedance. As such the common emitter configuration is a good all round circuit for use in many applications. The CE transistor amplifier inverts the signal at the input. Therefore if the input waveform is rising, it will cause the output voltage to fall. This configuration has a 180° phase change across the amplifier circuit. Depending on our design, the CE configuration does not use  many other electronic components, only resistors, although in our design we are setting the bias for analogue circuits, then four resistors and three capacitors could be used [1; 4].
[image: ]
Within the circuit there are a number of components that provide different functions to enable the overall circuit to operate in the fashion required:
· R1,R2	- These resistors provide the bias for the base of the transistor.
· R3	- This is the collector load resistor within the common emitter amplifier.
· R4	- This resistor in the common emitter amplifier provides a measure of DC feedback to ensure that the DC conditions within the circuit are maintained.
· C1,C2 - These capacitors provide AC coupling between stages. They need to be chosen to provide negligible reactance at the frequencies of operation.
· C3	- This is a bypass capacitor. The effect of R4 is to reduce the gain of the circuit. Bypassing the resistor enables greater levels of AC gain to be achieved. 
The common emitter amplifier design is relatively straightforward. The following design flow can be used as a basis [1; 2].
COMMON EMITTER TRANSISTOR AMPLIFIER CHARACTERISTICS:
	Parameter
	Characteristics

	Voltage gain
	Medium

	Current gain
	Medium

	Power gain
	High

	Input/Output phase relationship
	180°

	Input resistance
	Medium

	Output resistance
	Medium


[bookmark: _plf4mgbj4fq6]Transistor Emitter Follower Circuit - Common Collector Amplifier
An ideal buffer amplifier can be the emitter follower or common collector circuit and it is easy to design. This circuit configuration is known as the emitter follower and it provides a high input impedance and a low output impedance. The ideal buffer stage provided by the emitter follower circuit has a result where it is used where there is a need not to load a circuit and provide a lower impedance. This electronic circuit design for the emitter follower requires a few electronic components and very simple calculations.In applications where an input high impedance is required the emitter follower circuit design is very useful. May only have a small output capability, but offers a high input impedance and low output impedance to ensure the optimum stability.[1; 4]
[image: ]

COMMON COLLECTOR, EMITTER FOLLOWER TRANSISTOR AMPLIFIER CHARACTERISTICS:
	Parameter
	Characteristics

	Current gain
	High

	Voltage gain
	Zero

	Power gain
	Medium

	Input/Output phase relationship
	0°

	Input resistance
	High

	Output resistance
	Low



[bookmark: _c9hagbrl66ah]Common Base Transistor Amplifier
The common base amplifier configuration has some distinct advantages in high frequency amplifiers and is not widely used. Mostly used in the configuration of three transistor amplifiers. The common emitter and common collector (emitter follower) configurations have characteristics that are generally more useful and are far more widely used. At high frequencies where stability can be an issue the common base amplifier comes into its own. In this electronic circuit design, the bias conditions are very similar to those used to bias other forms of configuration. In terms of our design, the R1 and R2 a potential voltage divider which sets the correct voltage for the base. The Emitter of the transistor will be 0.7 Volts below this, if we are using a silicon transistor. The current which is flowing through on the emitter resistor will be determined by R4. The same current will flow through the collector. When chosen the resistor R3 care must be taken not to cause limitations by the signal. The AC coupling for the circuit provided by the capacitors C1 and C2. On the frequencies of operation the C1 and C2 impedance is low. In a case of RF circuit design applications, the determined values of R3 and R4 to be influenced by the system required impedance. If our design chooses a low value for these resistors, the circuit current will be affected by them. Although the common base transistor circuit is not as widely used as either the common emitter or common collector / emitter follower circuit designs, it nevertheless has its place within the electronic circuit design library.[1]
[image: ]
COMMON BASE CHARACTERISTICS:
	Parameter
	Characteristics

	Voltage gain
	High

	Current gain
	Low

	Power gain
	Low

	Input/Output phase relationship
	0°

	Input resistance
	Low

	Output resistance
	High


[bookmark: _jqf6xtquyvrj]Equipment / apparatus
Our design we are adopting a 4-resistor style common emitter amplifier with a 2N2222 npn transistor. The amplifier is intended to be used for audio frequencies (20 Hz - 20000 Hz). the output will be connected to audio equipment with an impedance of 600[image: ]. Our [image: ]=  10 V and Gain= 4.
Our first step is assuming the collector resistor ([image: ]) is equal with the load ([image: ])= 600[image: ]
Now we can calculate the emitter resistor from the equation of :
[image: ] 	—>	 	[image: ]  
Next step the to determine the current of collector ([image: ]) by knowing the collector voltage [image: ] is half of the [image: ] = 10V
[image: ]
[image: ]		and		[image: ]
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[image: ]  
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[bookmark: _chg990vt600a]Circuit diagram in LTspice
[image: ]
[bookmark: _l98juldrqpoq]Simulation result and measurements
[image: ]
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[bookmark: _27w828g5hx8t]Analysis
[bookmark: _2vqagh6qm8t4]Result compare with the design data
	
	Calculated
	Measured
	Difference(%)
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	10%
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	10.65%
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	6.2%
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	5%



[bookmark: _4a20b9zdis4s]Frequency response and dynamic range
The frequency response of a power amplifier must extend over the full audio band from
20 Hz to 20 kHz within a reasonable tolerance. The common emitter transistor amplifier circuit in the low frequency range, the coupling capacitor and the emitter bypass capacitor, is causing frequency dependence and phase shifting. The amplifier’s input circuit the [image: ] (the coupling capacitor), the input impedance and the generator’s resistance are made from a series of RC circuits. Likewise in the output circuit the [image: ] (the coupling capacitor), the output impedance and load are made a series RC circuits. After this assumption we can made this two equations:
[image: ]	[image: ] if the generator resistance [image: ] our equation is [image: ]
[image: ]

[image: ]

[bookmark: _ejh86j8j43ws]Measurements for input and output impedance
[bookmark: _lg5meqkmteeb]Input impedance
This resistor closes down the amplifier input if we don’t take count of the generator. Input Impedance, [image: ] is an important parameter in the design of a transistor amplifier. As such allows amplifiers to be characterised according to their effective input and output impedances. For circuit analysis an amplifier's impedance value is particularly important. Amplifiers have high input impedance.
[image: ]			[image: ]		[image: ]
[image: ]
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[bookmark: _q5tzteit7023]Output impedance
This is the resistor which closes down the amplifier output if the load isn’t attached to it. The output impedance is the ratio of change in output voltage to change in load current. Power supply input and output impedance are used to verify the supply's stability and dynamic performance when subjected to various loads.[4]
[image: ]
[image: ]
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[bookmark: _mza68ikx7rn]The effect of an addition of a capacitor in the emitter circuit
[bookmark: _269kkxqos73s]Circuit diagram and calculations
[image: ]
The overall function of a bypass capacitor in the circuit is to bypass the unwanted AC signals on a DC line. This implication allows the DC signal from the line to be closer to a pure DC voltage and contain less noise. The bypass capacitor always bases on the lowest frequency trying to be filtered out, because high-frequencies are easier to filter out. The higher frequency a signal is, the less reactance the bypass capacitor is able to offer. Therefore in our design we will decide what will be the lowest frequency we are trying to filter out, and then calculate the value of the capacitor based on that frequency [1; 2; 3]. We want the reactance to be 1/10th of the resistance of the resistor, [image: ] [1; 3]. The formula to calculate the reactance of the capacitor is: [image: ]
The new Gain with the capacitor
[image: ]
[image: ]
[bookmark: _r02ao0ke5d46]Simulation on Gain after adding the [image: ] capacitor
[image: ]
[bookmark: _4i3lnh7oh0vc]Design for a two-stage amplifier with the overall gain is 50
[image: ]
[bookmark: _oz794rrmswgs]Simulation of the two-stage circuit
[image: ]
[bookmark: _og2b6nch0uvg]Discussion and evaluation
The operationalisation of amplifiers are often designed starting from assuming an ideal operational amplifier. In the same way a transistor circuit can be designed by assuming an “ideal” transistor. The ideal transistor has infinite current gain, infinite input impedance, and infinite output resistance. All BJT’s require a certain bias voltage at its base-emitter junction to be able to conduct collector current. This “turn-on” voltage is usually referred to as [image: ]. For regular silicon transistors, the required voltage minimum is 0.5V and the maximum is 0.7V.
In the common emitter amplifier circuits the current on the collector increases exponentially with base-emitter voltage as well. In the case when a small current is pulled through the base of an NPN transistor, a substantial higher current flows in the collector. The ratio between these two currents is the gain of the current.[2; 4]

[bookmark: _29941wynnlhq]Conclusion
[bookmark: _7e6dtvrijnki]In conclusion the bipolar junction transistor (BJT) is the primary building block of most audio power amplifiers. The common emitter (CE) amplifier is possibly the most important circuit, as it provides basic voltage gain, that’s why it is the most commonly used amplifier circuit due to its advantageous properties. To achieve this high voltage gain the circuit is only able to linearly amplify the significantly low input signals (1-10mV). If a small voltage signal is applied to the base of the transistor, the collector current will vary in accordance with the base voltage. If a load resistance RL is provided in the collector circuit, that resistance will convert the varying collector current to a voltage. The voltage gain will be approximately equal to the collector load resistance multiplied (x) by the transconductance gm. Recall that the intrinsic emitter resistance re′ = 1/gm. Thus, more conveniently, assuming the ideal transistor with intrinsic emitter resistance re′, the gain is simply RL/re′. That’s the reason putting the load resistance will reduce the voltage gain [2;4].
[bookmark: _keh6x6dftez]References
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