5.3 Rectification:
A P-N junction diode conducts electricity when it is forward biased and it does not conduct electricity when it is reverse biased.
Hence, it is used to rectify an alternating current (AC) voltage supply.
The process in which an AC voltage supply is converted into a unidirectional (DC) voltage is known as rectification.
The electric circuit used for the conversion is called a rectifier.
When the AC. input is applied to a junction diode, it becomes forward biased during the positive half cycle and reverse biased during negative half-cycle. Rectification is the main function of diodes.
There are two basic types of rectifier circuit used with power supplies, those are:
1. half-wave rectifiers and 
2. full-wave rectifiers.
1. half-wave rectifiers.
A half-wave rectifier only allows one half-cycle of an AC voltage waveform to pass by blocking the other half-cycle. Therefore, the current in the circuit flows in only one direction.
A half-wave rectifier consists of a diode and a load resistor connected in series to the cathode end of the diode.
Figure 5.9 illustrates the basic principle of a half-wave rectifier.
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Working principle of Half Wave Rectifier:
In a half-wave rectifier circuit during the positive half-cycle of the input, the diode is forward biased. Current flows through the load resistor and a voltage is developed across it. 
During the negative half-cycle, the diode is reverse biased and does not conduct. Therefore, in the negative half-cycle of the supply, no current flows in the load resistor as no voltage appears across it. Thus the DC voltage across the load is sinusoidal for the first half-cycle only and a pure AC input signal is converted into a DC pulsating output signal.
2. Full-wave Rectification
The fact that the current flows only during half of each cycle in a half-wave rectifier is a disadvantage.
To overcome this disadvantage, a full-wave rectifier can be used.
Figure 5.10 shows a basic full-wave rectifier circuit, which uses four diodes arranged in a particular way.
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Working principle of full wave bridge rectifier.
The four diodes, labeled D1 to D4, are arranged in such a way that only two diodes conduct current during each half-cycle. 
During the positive half-cycle of the supply, diodes D1 and D2 conduct in series. However, diodes D3 and D4 are reverse biased and so the current flows through the load resistor, as shown in Figure 5.11a. During the negative half-cycle of the supply , diodes D3 and D4 conduct in series, but diodes D1 and D2 switch off as they are now reverse biased. The current flowing through the load is the same direction as before as shown in Figure 5.11.
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Diodes and capacitor
Capacitor is used in rectifier circuits to smooth the fluctuations of the output voltage. A capacitor stores charge and releases it later. The capacitor is connected across the terminals as shown in Figure 5.12.
During the positive quarter-cycle of the output voltage, the capacitor is charged to the peak voltage. Then, as the rectifier voltage falls, the capacitor discharges and provides the required current to the load resistor from its stored charge. This charging and discharging process of the capacitor smooths out the waveform.
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Note that: for further smoothing of the current flow in the full wave rectification, capacitor is connected in parallel with the resistor.
Practical uses of diodes
Some Semi conductor devices
Diode:
A diode is an electrical component with two electrodes-an anode and a cathode-which will only allow electric current to pass through it in one direction. (Fig 5.24.)
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Light emitting diodes (LED).
A light emitting diode (LED) is a P-N junction diode which can emit light when an electrical current flows through it Figure 5.13.
 It uses a special kind of doping so that when an electron crosses the P-N junction; a photon is emitted, which creates light. 
The frequency (color) of the light emitted is determined by the type of semiconductor material used in construction of the diode.
LED allows the current to flow in the forward direction and blocks the current in the reverse direction. LEDs are very efficient producers of light.
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Photodiode
A photodiode (Figure 5.14) is a semiconductor device with a P-N junction that converts photons (or light) into electrical current. 
Photons absorbed in the depletion region (or close to it) will create electron-hole pairs which will move to opposite ends of the diode due to the electric field. 
Electrons will move toward the positive potential on the cathode, and the holes will move toward the negative potential on the anode. These moving charge carriers form the current (photocurrent) in the photodiode.
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Logic gates
Diodes and resistors can be combined with other components to construct AND and OR logic gates. This is referred to as diode resistor logic.
Over-voltage protection
Excess voltage can damage our electronic devices. Sensitive electronic devices need to be protected from fluctuations in voltage; the diode is perfect for this.
 Diodes achieve this by shutting down the switch after sensing an over-voltage condition.
Light dependent resistor (LDR): it conducts current when light shines on it and has very large resistance in the dark.
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 Thermistor: has a high resistance in the cold and its resistance drops as it becomes warmer.
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Transistor: is made of three layers of doped semiconductors and it has three terminals.
[image: What is a transistor and its symbol?]
Photovoltaic cell: is a cell made from P-N semiconductor and converts solar energy in to electrical energy.
[image: PV Cell Working Principle - How Solar Photovoltaic Cells Work]
5.4 Transistors and their application
A Transistor is a semiconductor device used to amplify or switch electronic signals. It is an essential component in an electronic circuit.
Transistors are classified into two types: those are:
1. Bipolar junction transistors (BJT) and 
2. Field effect transistors (FET). 
In this section, you will learn about BJTs. 
When a third layer is added to a semiconductor diode, a BJT is produced. The term, transistor, will now be used for a BJT. A transistor is a three terminal, two-junction device used to control electron flow. By varying the amount of voltage applied to the three terminals, the amount of current can be controlled. This is how transistors can be used for amplification or switching.
A transistor consists of three alternately doped regions. The three regions are arranged in one of two ways.
In the first method, the P-type material is sandwiched between two N-type materials, forming an NPN transistor (Figure 5.15a). 
In the second method, a layer of N-type material is sandwiched between two layers of P-type material, forming a PNP transistor (Figure 5.15b). 
In both types of transistor, the middle region is called the base and the outer regions are called the emitter and collector. The emitter, base, and collector are identified by the letters E, B, and C, respectively.
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Emitter: The section on one side that supplies charge carriers (electrons or holes). 
The emitter terminal is the heavily doped region as compared to the base and collector. 
It’s one of the outer layer which is doped heavily since it is the source of charge carriers. 
Collector: The section on the other side that collects the charges carriers. 
The collector is moderately doped region and slightly larger in size as compared to the base and the emitter.  
It’s designed to have larger surface area so as to store much charge carriers.
Base: The middle section between the emitter and the collector. 
The base is lightly doped and very thin. 
It is used as a bridge for the charge carrier’s movement between two terminals or layers.
In the symbolic representation for a transistor (Figure 5.16), the arrow mark is placed on the emitter in the direction of conventional current flow.
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Basic transistor operation:
There are two different types of bipolar (junction) transistors those are:
1. NPN transistor and 
2. PNP transistor
1. NPN transistor:
A transistor must be biased by external voltages so that the emitter, base, and collector regions interact in the desired manner. 
In a properly biased transistor, the emitter junction is forward biased and the collector junction is reverse biased.
The emitter in NPN transistor is connected to the negative terminal of the battery while the base is connected to the positive terminal. Since the second P-N junction is required to be reverse biased for proper transistor operation, the collector must be connected to an opposite polarity voltage (positive), as shown in Figure 5.17a.
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In the forward biased circuit: 
• Electrons leave the negative terminal of the battery and enter the N material (emitter) as shown in Figure5.18. This constitutes the emitter current IE. 
• Since electrons are majority current carriers in the N material, they pass easily through the emitter, cross over the junction, and combine with holes in the P material (base).
• As the base is lightly doped and very thin, only a few electrons combine with holes and they constitute the base current IB. 
• The electron majorities will diffuse to the collector region and constitutes collector current IC. These electrons are influenced by the positive potential applied voltage to the collector and are attracted to the positive side of the voltage source of the collector.
It can then be seen that the emitter current is the sum of the base current and collector current.
IE = IB + IC   ………………………………………………… (5.1)
The arrows in Figure 5.18 show the direction of the electron current which is opposite to the direction of the hole current (conventional current).
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2. PNP Transistor
The PNP transistor works in essentially the same way as the NPN transistor. 
The majority current carriers in the PNP transistor are holes. To support this different type of current (hole flow), the bias batteries are reversed that is, the positive terminal of the battery (VEB ) is connected with emitter (P-type) and the negative terminal is connected with the base terminal (N-type). 
Therefore, the emitterbase junction is connected in forward bias as shown in Figure 5.17b.
• Since the base-collector junction is always reverse biased, then the opposite polarity voltage (negative) should be used for the collector (VCB ), as shown in Figure 5.19. 
• The emitter current is created when the emitter-base junction is forward biased; the emitter pushes the holes towards the base region.
• When the holes move into the base, they combine with the electrons. 
• The base is lightly doped and is comparatively thin. Hence only a few holes are combined with the electrons and the remaining are moved towards the collector.
[image: ]
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Figure 5.13 a) LED b) LED symbol
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Figure 5.14 Photodiode symbol.
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Figure 5,25 LDR. Figure 5.25b Symbol for LDR.
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Figure 5.26a Thermistor. Figure 5.26b Symbol for
thermistor




image10.jpeg
COLLECTOR
3

TO-92

2
BASE

1
EMITTER





image11.jpeg
PV Cell / Solar Cell PV Cell / Solar Cell Symbol




image12.png
Emitter- N|Pp|N Collector. Emitter P~ (P Collector

@ ®)
Base Base

Figure 5.15 Block diagrams of (a) NPN transistor (b) PNP transistor.
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Figure 5.16 Schematic symbols for (a) an NPN transistor (b) a PNP
transistor.
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Figure 5.17 a) NPN transistor b) PNP transistor.
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Figure 5.18 Electron current flow in NPN transistor (a) Block diagram NPN
transistor (b) Schematic diagram of NPN transistor.
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Figure 5.19 Electron current flow in PNP transistor. (a) Block diagram of a
biased PNP transistor (b) Schematic diagram of a biased PNP transistor.
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Figure 5.9 Basic half-wave rectifier.
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Figure 5.10 Basic full-wave rectifier circuit.
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Figure 5.11 a) positive half cycle b) Negative half cycle.




image4.png
Vou

AN

Figure 5.12 Smoothing the output voltage using a capacitor in a full-wave
rectifier.
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