Understanding how transistors works
Understanding the transistor operations
For an npn transistor the base is biased positive with respest to the emitter. The colloctor is the biased to a higher positive level than the base. The transitor is normally operated with its collector base (CB) junction reverse biased and its base emitter (BE) junction forward biased. For any transistor to be switch on its CB juction should be reverse biased and its BE junction should be forward biased. The  transistor's collector current is directly proportional to its base current. A reasonably small flow of electrons sent through the base of the transistor has the capability to exert control over a much larger flow of electrons through the collector. 
The input is biased upward at the base and the output is transfered to the collector or emitter (emitter follower).
The NPN transistor as an inverter
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In figure 1.1 (a), when the input on the gate is negative, the emitter base junction is reverse biased therefore the transistor is said to be cut-off. When the transistor is off, its collector is connected to +VCC through the collector resistor. Hence the collector is positive. In this state the transistor can be compared to an open switch as in figure 1.1 (b). When the switch is open, point “A” which represents the collector is connected to positive via the RC resistor. Hence point “A” is said to be positive. For an NPN transistor when the input on the base is negative, the output on the collector is positive.



In figure 1.2 (a), when the input on the gate is positive, the emitter base junction is forward biased therefore the transistor is said to be in an on state. When the transistor is on, its collector is directly connected to -VCC. Hence the collector is said to be negative. To understand this conception of a transistor in an on state it can be compared to a closed switch as in figure 1.2 (b). When the switch is closed, point “A” which represents the collector is connected directly connected -VCC . For an NPN transistor when the input on the base is positive, the output on the collector is negative.
The NPN emitter follower



In figure 1.3 (a), when the input on the gate is negative, the emitter base junction is reverse biased therefore the transistor is said to be cut-off. When the transistor is off, its emitter is connected to -VCC through the emitter resistor (RE). Hence the emitter is said to be negative. To understand this theory the transistor can be compared to an open switch as in figure 1.3 (b). When the switch is open, point “E” which represents the emitter is connected to negative via the RE resistor. Hence point “E” is said to be negative. When the input on the base is negative, the output on the emitter is also negative. The emitter follows the base because whatever is happening on the base is transferred to the emitter.

In figure 1.4 (a), when the input on the gate is positive, the emitter base junction is forward biased therefore the transistor is said to be in an on state. In this state the emitter is directly connected to +VCC. Hence the emitter is said to be positive. To understand this theory the transistor can be compared to an open switch as in figure 1.4(b). When the switch is closed, point “E” which represents the emitter is directly connected to positive. Hence point “E” is said to be positive. For a NPN transistor when the input on the base is positive, the output on the emitter is also positive. The emitter follows the base because whatever is happening on the base is transferred to the emitter.
The PNP transistor as an inverter

In figure 1.5 (a), when the input on the gate is positive, the emitter base junction is reverse biased therefore the transistor is said to be cut-off. When the transistor is off, its collector is connected to -VCC through the collector resistor. Hence the collector is said to be negative. In this state the transistor can be compared to an open switch as in figure 1.5 (b). When the switch is open, point “A” which represents the collector is connected to negative via the RC resistor. Hence point “A” is said to be negative. For a PNP transistor when the input on the base is positive, the output on the collector is negative.




In figure 1.6 (a), when the input on the gate is negative, the emitter base junction is forward biased therefore the transistor is switched on. When the transistor is on, its collector is directly connected to +VCC. Hence the collector is said to be positive. In this state the transistor can be compared to an open switch as in figure 1.6 (b). When the switch is closed, point “A” which represents the collector is directly connected to +VCC. Hence point “A” is said to be positive. For a PNP transistor when the input on the base is negative, the output on the collector is positive.

The PNP transistor as an emitter follower



In figure 1.7 (a), when the input on the gate is positive, the emitter base junction is reverse biased therefore the transistor is said to be cut-off. When the transistor is off, its emitter is connected to +VCC through the emitter resistor (RE). Hence the emitter is said to be positive. To understand this theory the transistor can be compared to an open switch as in figure 1.7 (b). When the switch is open, point “E” which represents the emitter is connected to positive via the RE resistor. Hence point “E” is said to be positive. For a PNP transistor when the input on the base is positive, the output on the emitter is also positive. The emitter follows the base because whatever is happening on the base is transferred to the emitter.


In figure 1.8 (a), when the input on the gate is negative, the emitter base junction is forward biased therefore the transistor is said to be in an on state. In this state the emitter is directly connected to -VCC. Hence the emitter is said to be negative. To understand this theory the transistor can be compared to a closed switch as in figure 1.8 (b). When the switch is closed, point “E” which represents the emitter is directly connected to negative (-VCC) . Hence point “E” is said to be negative. For a PNP transistor when the input on the base is negative, the output on the emitter is also negative. The emitter follows the base because whatever is happening on the base is transferred to the emitter.
The common emitter amplifier

THE BASIC TRANSISTOR AMPLIFIER 

In the preceding pages we explained the transistor as an inverter, emitter follower and introduced new terms, such as emitter, base, and collector. Since you should be familiar by now with all of the new terms mentioned earlier and with the internal operation of the transistor, we will move on to the basic transistor amplifier.
The three types of bias
The three types of BIAS used to properly bias a transistor are base-current bias (fixed bias), self-bias, and combination bias. Combination bias is the one most widely used because it improves circuit stability and at the same time overcomes some of the disadvantages of base current bias and self-bias. The class of amplifier operation is determined by the portion of the input signal for which there is an output.
The collector resistor

The basic transistor amplifier amplifies by producing a large change in collector current for a small change in base current. This action results in voltage amplification because the load resistor RC (collector resistor) placed in series with the collector reacts to these large changes in collector current which in turn results in large variations in the output voltage. The collector resistor enables the collector current to be determined and to change it into a useful voltage (VC = ICRC). The collector resistor also protects the transistor from damage by the collector current.  The collector current translates changes of current into changes of voltage which appear at the output terminal of the amplifier. 
The potential divides
The circuit relies on two series connected resistors (RB1 and RB2) to provide fixed base voltage to the base terminal. This resistors as in figure 1.9 are called potential dividers (voltage dividers) are coupled directly across the power supply lines from 0V to +VCC.

 The emitter resistor
The emitter resistor (RE) limits the transistor current which results in stabilising the temperature. This method of stabilising the temperature protects the transistors against thermal runaway.
The emitter bypass capacitor (CE):-

The bypass capacitor is necessary to give the transistor amplifier a good level of voltage gain. The main advantage of the emitter resistor is to protect the transistor against thermal runaway. This resistor as in figure 1.10 causes the circuit a loss in voltage gain when the 

the bypass capacitor is not connected across is not connected across it. This is because the collector current must flow through this added resistance and a portion of the available output AC voltage is lost across the resistor (RE). This can be best illustrated by figure 1.10 which is part of figure 1.9. when the emitter resistor is short circuited by means of closing the normally open contact (N/O) figure 1.10 (a), the total resistance will be equals to (RC) which is equals to 6Ω (RC = 6Ω). With 12V as the supply voltage, the output voltage is given by VRC = ICRC = 2A x 6Ω = 12V. The piece of wire that bypasses RE can be replaced by CE in figure 1.10 (b). When the emitter resistor is not bypassed, the total voltage is given by VT = VRE + VRC = 6V + 6V = 12V). The voltage gain will given by VRC = ICRC = 1A x 6Ω = 6V.CE bypasses RE for AC signals. With RE in the circuit bypassed by CE to AC signals the common emitter amplifier has a good voltage gain.                         
The coupling capacitors
To an ac signal the capacitive reactance will decrease as frequency of a signal increases. This is best illustrated by the below formula:-
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The coupling capacitors (CC) are widely used to couple two amplifier stages as they pass only the alternating signals (AC) from one stage to the next of the circuit. At the same they block time any steady state voltage (DC) from interfering with the input (microphone) and the output (speaker).
Characteristics of the common base circuit:-

· Input impedance is medium.
· Output impedance is medium

· Current gain is high

· Voltage gain is high

· The input and output signals are 1800 out of phase



The common base amplifier

Figure 1.12 the common base amplifier without biasing batteries

This circuit is usually used to explain basic transistor’s operation. The input signal is applied to the emitter and the output signal is transferred to the collector and appears directly at the load resistor (RL). The base terminal is common to both input and output.



Figure 1.13 the common base amplifier with biasing power supplies

Operation: The biasing supply VBE forward biases emitter base (EB) junction and VCB reverse biases the collector base (CB) junction. The input signal is connected the between the emitter and base terminals. The rise and falls in input signal affects the emitter base biasing voltage. As the signal falls it adds to the biasing voltage VEB causing the emitter current to rise. A rise in an emitter current (IE) increases the collector current (IC) which produce a large volt drop across the load resistor (RL). As the input signal rises it is subtracted from input biasing voltage which causes the emitter current to drop. This decreases the collector current and the voltage drop across the load resistor. Therefore the output voltage rise and fall exactly in phase with the input voltage. 

Figure 1.14 the common base amplifier with voltage dividers, coupling capacitors and emitter resistor

Characteristics of the common base circuit:-
· It has low input impedance because the emitter base junction is forward biased.

· It has very high output impedance because the collector base junction is reverse biased.

· Current gain is less than one because the output voltage flows through a much higher resistance.

· Voltage gain is high because the output impedance is higher than the input impedance.
· There is no phase shift between the input and output signals because the output voltage rise and fall exactly in phase with the input voltage. 


Figure 1.15 the input and output voltages are in phase 
The common collector circuit
This circuit is commonly used in power amplifier circuits. The input signal is applied to the base terminal between the base and the collector and the output signal is transferred to the emitter and appears directly at the load resistor (RL) at the emitter. The collector is common to both the input and output signals.




Figure 1.17 the redrawn circuit diagram with the common collector clearly shown. It shows the transistor turned around and the collector terminal common to both input and output signals. The collector biasing voltage act as short circuit to the input and output signals.
The operation of the common collector amplifier circuit:-
As the input signal rises and falls, it affects the base emitter junction. A rise in voltage adds to the voltage on the base terminal and the junction will conduct more current. This causes the emitter and the collector current to rise. This directly increases the current passing through the load resistor (RL). Therefore a fall and rise input signal also causes a fall and rise in output signal. The circuit is called an emitter follower, the emitter followers the base. 

Figure 1.18 the common collector circuit with two biasing power supplies.
Figure 1.19 the common collector amplifier with voltage dividers, coupling capacitors and emitter resistor.

Characteristics of the common collector circuit:-

· It has high input impedance because the input is connected between the base and the collector terminals.
· It has very low output impedance because the output appears across the emitter terminal.

· Voltage gain is less than one because the output impedance is less than the input impedance.

· Current gain is high because the output impedance is less than the input impedance.

· There is no phase shift between the input and output signals because the output voltage rise and fall exactly in phase with the input voltage. 

Negative feedback

Figure 1.20 the negative feedback

An attempt by the temperature to increase and shift the collector current (IC) and the operating point respectively will experience a self feedback situation to correct this unwanted change. If the collector current (IC) tries to increase due to an increase in temperature will cause the emitter current (IE) to increase, this will cause a large volt drop cross the emitter resistor than the circuit designed for. An increase of voltage across the emitter resistor (RE) will rise take it closer to the base voltage (VB). Note that VB = VEB + VRE. The difference between VEB and VRE is smaller. Hence VB ≈VRE. The base biasing voltage (VBE) is forced to become smaller. If the base biasing voltage (VBE) is smaller the transistor is forced to shut down slowly. The slowly shutting down of the transistor limits the collector current (self correction). This method of using the voltage setup across the emitter resistor (RE) to control the base emitter voltage (VBE) in a form of negative feedback is called voltage feedback. It is often referred to as bias stabilisation.
The collector feedback

Figure 1.21 the collector feedback

This circuit relies on a self correcting circuit to maintain temperature stability. It uses the base biasing resistor (RB) connected to the collector terminal of the transistor.
As the transistor temperature rises the current also rises. An increase in collector current causes the voltage drop across the collector resistor (RC) to rise (VCE). The fixed value of +VCC = VCE + VRC. If the voltage drop across the collector resistor (VRC) increases, the collector emitter voltage decreases (VCE). Since the collector emitter voltage (VCE) = VRB + VBE, VRB also decreases. Note that VRB is the base biasing voltage, therefore effectively means that the biasing base current (IB) will also fall as the base current falls the collector current is caused to fall. This has the effect of countering the increase in collector current due to an increase in temperature.
This method of self correcting to counter an increase in temperature is called current feedback.
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Fig 1.1 (b) the mechanical switch as an inverter
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Figure 1.10 (a) a piece of wire is used to short circuit RE
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 Fig 1.1 (a) the NPN transistor as an inverter
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Figure 1.9 the Common Emitter Amplifier
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Figure 1.16 the diagram shows how the circuit is normally drawn but it does not show the common collector very clearly.
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Figure 1.2 (b) the mechanical switch that help to illustrate the operation of figure 1.2(a).





Figure 1.2 (a) shows the NPN transistor as an inverter.





Figure 1.3 (a) shows the NPN transistor as an emitter follower.





Figure 1.3 (b) the mechanical switch that help to illustrate the operation of figure 1.3(a).





Figure 1.4 (b) the mechanical switch that help to illustrate the operation of figure 1.4(a).





Figure 1.4 (a) shows the NPN transistor as an emitter follower.
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Figure 1.5 (b) the mechanical switch that help to illustrate the operation of figure 1.5(a).





Figure 1.5 (a) shows the PNP transistor as an inverter.
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Figure 1.6 (b) the mechanical switch that help to illustrate the operation of figure 1.6(a).





Figure 1.6 (a) shows the PNP transistor as an inverter.





Figure 1.7 (b) the mechanical switch that help to illustrate the operation of figure 1.7(a).





Figure 1.7 (a) shows the PNP transistor as an emitter follower.
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Figure 1.8 (b) the mechanical switch that help to illustrate the operation of figure 1.7(a).





Figure 1.8 (a) shows the PNP transistor as an emitter follower.
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Figure 1.16 the diagram shows how the circuit is normally drawn but it does not show the common collector very clearly.
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Figure 1.11 shows 1800 between the input and output signals





Figure 1.10 (b) the capacitor CE is used to short circuit RE
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