
UNIT-1
SEMICONDUCTOR DIODE

Physics of Semiconductor Devices


Formation of PN – Junction
When a P-type Semiconductor is joined together with an N-type Semiconductor a PN junction is formed. And it is also known as a Semiconductor Diode.
Semiconductor diodes are widely used in Rectifiers which converts input AC signal into DC output signal.
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The diffusing majority carriers from the two regions recombine near the junction and disappear.

The uncompensated Acceptor and Donor ions set up an Electric field which halts majority carrier Diffusion and causes minority carrier Drift.

The two kinds of majority carriers diffusing across the junction meet each other near the junction and undergo recombination’s, leaving negative ions on the P-side and positive ions on the N-side of the junction.

This distribution of Positive and Negative Charges is called Space charge.

DIODE SYMBOL
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V - I Characteristics of PN Junction


The diode can be operated in two different ways, as forward and reverse bias.

When positive terminal of the battery is connected to the P- type & negative terminal is to the N-type of the PN-junction diode, known the diode is kept in forward bias.

When negative terminal of the battery is connected to the P- type & positive terminal is to the N-type of the PN-junction diode, known the diode is kept in reverse bias[image: http://circuitglobe.com/wp-content/uploads/2017/04/forward-biasing-circuit.jpg].




[image: https://circuitglobe.com/wp-content/uploads/2017/04/reverse-biasing-circuit.jpg]





V-I Characteristics of PN junction Diode
	[image: https://electrosome.com/wp-content/uploads/2012/12/Zener-Diode-VI-Characteristics.gif]

The main application of p-n junction diode is in rectification circuits. These circuits are used to describe the conversion of a.c signals to d.c in power supplies. Diode rectifier gives an alternating voltage which pulsates in accordance with time. The filter smoothes the pulsation in the voltage and to produce d.c voltage, a regulator is used which removes the ripples.
There are two primary methods of diode rectification:
· Half Wave Rectifier
· Full Wave Rectifier
What is Half Wave Rectifier?
In a half-wave rectifier, one half of each a.c input cycle is rectified. When the p-n junction diode is forward biased, it gives little resistance and when it is reversing biased it provides high resistance. During one-half cycles, the diode is forward biased when the input voltage is applied and in the opposite half cycle, it is reverse biased. During alternate half cycles, the optimum result can be obtained.
Working of Half Wave Rectifier
The half wave rectifier has both positive and negative cycles. During the positive half of the input, the current will flow from positive to negative which will generate only positive half cycle of the a.c supply. When a.c supply is applied to the transformer, the voltage will be decreasing at the secondary winding of the diode. All the variations in the a.c supply will reduce and we will get the pulsating d.c voltage to the load resistor.
[image: Half Wave Rectifier]
In the second half cycle, current will flow from negative to positive and the diode will be reverse biased. Thus, at the output side, there will be no current generated and we cannot get power at the load resistance. A small amount of reverse current will flow during reverse bias due to minority carriers.
Characteristics of Half Wave Rectifier
Following are the characteristics of half wave rectifier:
Half Wave Rectifier Formula
We will now derive the various formulas for a half wave rectifier based on the preceding theory and graphs above.
Ripple Factor of Half Wave Rectifier
‘Ripple’ is the unwanted AC component remaining when converting the AC voltage waveform into a DC waveform. Even though we try out best to remove all AC components, there is still some small amount left on the output side which pulsates the DC waveform. This undesirable AC component is called ‘ripple’.
To quantify how well the half-wave rectifier can convert the AC voltage into DC voltage, we use what is known as the ripple factor (represented by γ or r). The ripple factor is the ratio between the RMS value of the AC voltage (on the input side) and the DC voltage (on the output side) of the rectifier.
The formula for ripple factor is:

Which can also be rearranged to equal:

The ripple factor of half wave rectifier is equal to 1.21 (i.e. γ = 1.21).
Note that for us to construct a good rectifier, we want to keep the ripple factor as low as possible. This is why we use capacitors and inductors as filters to reduce the ripples in the circuit.
Efficiency of Half Wave Rectifier
Rectifier efficiency (η) is the ratio between the output DC power and the input AC power. The formula for the efficieny is equal to:

The efficiency of a half wave rectifier is equal to 40.6% (i.e. ηmax = 40.6%)
RMS value of Half Wave Rectifier
To derive the RMS value of half wave rectifier, we need to calculate the current across the load. If the instantaneous load current is equal to iL = Imsinωt, then the average of load current (IDC) is equal to:

Where Im is equal to the peak instantaneous current across the load (Imax). Hence the output DC current (IDC) obtained across the load is:

For a half-wave rectifier, the RMS load current (Irms) is equal to the average current (IDC) multiple by π/2. Hence the RMS value of the load current (Irms) for a half wave rectifier is:
   
Where Im= Imax which is equal to the peak instantaneous current across the load.
Peak Inverse Voltage of Half Wave Rectifier
Peak Inverse Voltage (PIV) is the maximum voltage that the diode can withstand during reverse bias condition. If a voltage is applied more than the PIV, the diode will be destroyed.
Form Factor of Half Wave Rectifier
Form factor (F.F) is the ratio between RMS value and average value, as shown in the formula below:

The form factor of a half wave rectifier is equal to 1.57 (i.e. F.F= 1.57).
Output DC Voltage
The output voltage (VDC) across the load resistor is denoted by:

Characteristics of Half Wave Rectifier
Following are the characteristics of half wave rectifier:

Ripple Factor
Ripples are the oscillations that are obtained in the DC which is corrected by using filters such as inductors and capacitors. These ripples are measured with the help of ripple factor and is denoted by γ. Ripple factor tells us the amount of ripples present in the output DC. Higher the ripple factor, more is the oscillation at the output DC and lower is the ripple factor, less is the oscillation at the output DC.
Form Factor
Form factor is the ratio of rms value to the DC value. For a half wave rectifier form factor is 1.57.
Rectifier Efficiency
Rectifier efficiency is the ratio of output DC power to the input AC power. For a half wave rectifier, rectifier efficiency is 40.6%.




Advantages of Half Wave Rectifier
· Affordable
· Simple connections
· Easy to use as the connections are simple
· Number of components used are less
Disadvantages of Half Wave Rectifier
· Ripple production is more
· Harmonics are generated
· Utilization of transformer is very low
· Efficiency of rectification is low
Applications of Half Wave Rectifier
Following are the uses of half wave rectification:
· Power rectification: Half wave rectifier is used along with transformer for power rectification as a powering equipment.
· Signal demodulation: Half wave rectifiers are used for demodulating the AM signals.
· Signal peak detector: Half wave rectifier is used for detecting the peak of the incoming waveform.
What is Full Wave Rectifier?
Full wave rectifier circuits are used for producing an output voltage or output current which is purely DC. The main advantage of full wave rectifier over half wave rectifier is that such as the average output voltage is higher in full wave rectifier, there is less ripple produced in full wave rectifier when compared to half wave rectifier.
Working of Full Wave Rectifier
Full wave rectifier utilizes both halves of each a.c input. When the p-n junction is forward biased, the diode offers low resistance and when it is reversing biased it gives high resistance. The circuit is designed in such a manner that in the first half cycle if the diode is forward biased then in the second half cycle it is reverse biased and so on.
[image: Full Wave Rectifier]
Form Factor
Form factor is the ratio of rms value of current to the output DC voltage. Form factor of a full wave rectifier is given as 1.11
Rectifier Efficiency
Rectifier efficiency is used as a parameter to determine the efficiency of the rectifier to convert AC into DC. It is ratio of DC output power to the AC input power. Rectifier efficiency of a full wave rectifier is 81.2%.
Types of Full Wave Rectifier
There are two main types of full wave rectifiers and they are:
· Two diode full wave rectifier circuit (requires center-tapped transformer and is used in vacuum tubes)
· Bridge rectifier circuit (doesn’t require centre-tapped transformer and is used along with transformers for efficient usage)
The Full Wave Bridge Rectifier
Another type of circuit that produces the same output waveform as the full wave rectifier circuit above, is that of the Full Wave Bridge Rectifier. This type of single phase rectifier uses four individual rectifying diodes connected in a closed loop “bridge” configuration to produce the desired output.
The main advantage of this bridge circuit is that it does not require a special centre tapped transformer, thereby reducing its size and cost. The single secondary winding is connected to one side of the diode bridge network and the load to the other side as shown below.
The Diode Bridge Rectifier
[image: C:\Users\poonam\Desktop\diode-diode20.gif]
 
The four diodes labelled D1 to D4 are arranged in “series pairs” with only two diodes conducting current during each half cycle. During the positive half cycle of the supply, diodes D1 and D2 conduct in series while diodes D3 and D4 are reverse biased and the current flows through the load as shown below.





The Positive Half-cycle
[image: C:\Users\poonam\Desktop\diode-diode21.gif]
 
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.
The Negative Half-cycle
[image: C:\Users\poonam\Desktop\diode-diode22.gif]
 
As the current flowing through the load is unidirectional, so the voltage developed across the load is also unidirectional the same as for the previous two diode full-wave rectifier, therefore the average DC voltage across the load is 0.637Vmax.
 [image: C:\Users\poonam\Desktop\bridge_rectifier.jpg]
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Typical Bridge Rectifier
However in reality, during each half cycle the current flows through two diodes instead of just one so the amplitude of the output voltage is two voltage drops ( 2*0.7 = 1.4V ) less than the input VMAX amplitude. The ripple frequency is now twice the supply frequency (e.g. 100Hz for a 50Hz supply or 120Hz for a 60Hz supply.)
Although we can use four individual power diodes to make a full wave bridge rectifier, pre-made bridge rectifier components are available “off-the-shelf” in a range of different voltage and current sizes that can be soldered directly into a PCB circuit board or be connected by spade connectors.
The image to the right shows a typical single phase bridge rectifier with one corner cut off. This cut-off corner indicates that the terminal nearest to the corner is the positive or +ve output terminal or lead with the opposite (diagonal) lead being the negative or -ve output lead. The other two connecting leads are for the input alternating voltage from a transformer secondary winding.
 
Peak Inverse Voltage of a Full wave bridge rectifier:

Let’s analyse peak inverse voltage (PIV) of a full wave bridge rectifier using the circuit diagram. At any instant when the transformer secondary voltage attains positive peak value Vmax, diodes D1 and D3 will be forward biased (conducting) and the diodes D2 and D4 will be reverse biased (non conducting). If we consider ideal diodes in bridge, the forward biased diodes D1 and D3 will have zero resistance. This means voltage drop across the conducting diodes will be zero. This will result in the entire transformer secondary voltage being developed across load resistance RL.
Thus PIV of a bridge rectifier = Vmax (max of secondary voltage)
2.    Output Current
Since the current is the same through the load resistance RL in the two halves of the ac cycle, magnitude od dc current Idc, which is equal to the average value of ac current, can be obtained by integrating the current i1 between 0 and pi or current i2 between pi and 2pi.
[image: Output Current of Full Wave Rectifier]Output Current of Full Wave Rectifier
3.    DC Output Voltage
Average or dc value of voltage across the load is given as
[image: DC Output Voltage of Full Wave Rectifier]DC Output Voltage of Full Wave Rectifier
4.    Root Mean Square (RMS) Value of Current
RMS or effective value of current flowing through the load resistance RL  is given as
[image: RMS Value of Current of Full Wave Rectifier]RMS Value of Current of Full Wave Rectifier
5.    Root Mean Square (RMS) Value of Output Voltage
RMS value of voltage across the load is given as
[image: C:\Users\poonam\Desktop\RMS-Value-of-Output-Voltage-of-Full-Wave-Rectifier.jpg] 6.    Rectification Efficiency
Power delivered to load,
[image: Rectification Efficiency of Full Wave Rectifier]
7.    Ripple Factor
Form factor of the rectified output voltage of a full wave rectifier is given as
[image: Ripple Factor of Full Wave Rectifier]Ripple Factor of Full Wave Rectifier
So, ripple factor, γ =  1.112 – 1) = 0.482
Advantages of Full Wave Rectifier
· The rectifier efficiency of a full wave rectifier is high
· The power loss is very low
· Number of ripples generated are less
Disadvantages of Full Wave Rectifier
· Very expensive
Applications of Full Wave Rectifier
Following are the uses of full wave rectifier:
· Full wave rectifiers are used for supplying polarized voltage in welding and for this bridge rectifiers are used.
· Full wave rectifiers are used for detecting amplitude of modulated radio signals.







Difference between Half Wave Rectifier and Full Wave Rectifier
	Parameter
	Half Wave Rectifier
	Full Wave Rectifier

	Definition
	Half wave rectifier is a rectifier which is used for converting one half cycle of AC input to DC output
	Full wave rectifier is a rectifier which is used for converting both the half cycles of AC input into DC output

	No. of diodes used
	1
	2 or 4 depending on the type of circuit

	Form factor
	1.57
	1.11

	Rectifier efficiency
	40.6%
	81.2%

	Ripple factor
	Ripple factor of half wave rectifier is more
	Ripple factor of full wave rectifier is less









ZENER DIODE
Ordinary diodes are forward biased and work in the forward direction. They have a large forward current flowing through them with a negligible voltage drop across them. If we operate an ordinary diode in reverse biased, it conducts insignificant current until the voltage applied across them exceeds the reverse breakdown voltage. Once that happens, large current flows through the junction and the diode may get destroyed. The Zener diode is a particular type of diode that solves this problem. We operate a Zener diode in reverse biased conditions, and this diode does not get damaged even when the voltage across this exceeds the reverse breakdown voltage. Let us learn about this exciting and unique kind of diode. Zener diodes are heavily doped than ordinary diodes. They have extra thin depletion region. When we apply a voltage more than the Zener breakdown voltage (can range from 1.2 volts to 200 volts), the depletion region vanishes, and large current starts to flow through the junction. There is a crucial difference between an ordinary diode and a Zener diode. The depletion region regains its original position after removal of the reverse voltage in Zener diode whereas in regular diodes, they don’t, and hence they get destroyed.
Here is the Zener diode symbol
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What Is A Filter Circuit
A rectifier is actually required to produce pure d.c. supply for using  at various places in the electronics circuits. However, the output of a rectifier is  pulsating. That means it contains both  a.c.component and d.c. component. If such a pulsating d.c. is applied in an electronics circuit, it will produce a hum. So the a.c. component in the pulsating rectifier output is undesirable and must be kept away  from the load. To do so, a filter circuit is used which removes the a.c. component  and allows only the d.c. component .
A filter circuit is a device which removes the a.c. component of rectifier output  and allows only d.c. component  to reach the load.
A filter circuit is installed between the rectifier and the load  as shown in fig.
[image: 301][image: 302]
A filter circuit is generally a combination of inductors(L) and capacitors(C).The filtering action of L and C depends upon the basic electrical principles. A capacitor C passes a.c. readily but does not pass d.c. at all. On the other hand, an inductor L  opposes a.c. but allows d.c. to pass  through it.  Hence a suitable network of  L and C can effectively  remove the a.c. component  and allows only  the d.c. component to reach the load.
Types of Filter Circuits
The three most commonly used filter circuits are:
1. Capacitor Filter
2. Choke input Filter
3. Capacitor input filter or π-Filter

Capacitor Filter
The circuit diagram of a typical capacitor filter is shown in Fig.2(i).Its input and output waveform are shown  in fig.2(ii) and Fig.2(iii) respectively.
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Fig.2(i)
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Fig.2(ii)
[image: 306]
Fig.2(iii)
The capacitor filter circuit consists of a capacitor C placed across the rectifier output in parallel with load resistance RL. The pulsating d.c. output of the rectifier is applied across the capacitor.
As the rectifier output voltage increases, it charges the capacitor and also supplies current to the load. At the end of quarter cycle i.e. at point A in fig.2(iii), the capacitor is charged to the peak value of the rectifier voltage i.e. Vm.
As the rectifier voltage now starts to decrease, the capacitor discharges through the load and voltage across it decreases. So voltage across RL also decreases. This is shown by the line AB in fig.2(iii).
The voltage across the load will decrease only slightly because immediately the next voltage peak comes and recharges the capacitor.
This process is repeated again and again and the output voltage waveform becomes ABCDEFG as shown in the fig.2(iii).
We can see that very little ripple is left in the output.
The output voltage is also higher as it remains substantially near the peak value of rectifier output voltage.
Advantages of Capacitor Filter
1. Capacitor filter circuits are extremely popular because of its low cost.
2. These filters are of very small size.
3. It has a little weight.
4. It has good characteristics.
For small load currents up to 50mA this type of filter is preferred. It is commonly used in transistor radio battery eliminators.
Choke Input Filter
Fig.3(i) shows a typical choke input filter circuit.The rectifier output which is applied as input to the choke input filter is shown in fig.3(ii) and the output of this filter circuit is shown in Fig.3(iii).
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Fig.3(i)
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Fig.3(ii)
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Fig.3(iii)
The circuit of a choke input filter consists of a choke L connected in series with the rectifier output and a filter capacitor C, which is connected across the load resistance RL. Here in this fig. 3(i) only a single filter section is shown. But normally several identical sections are used to reduce the pulsations as effectively as possible.
The pulsating output of the rectifier is applied across the terminal 1 and 2 of the filter circuit.
This pulsating output contains both a.c. and d.c. component.
As we know, the choke L offers a high resistance to the passage of a.c. component and passes the d.c. component readily.
So most of the a.c. component appears across the choke L , while all the d.c. component passes through the choke L on its way to the load.
This results in the reduced pulsation at terminal 3 as most of the a.c. component are blocked by the choke L now.
At terminal 3, the rectifier output contains d.c. component and the remaining part of a.c. component which are managed to pass through the choke L.
Now, the filter capacitor by passes the a.c. component but opposes the d.c. component to flow through it.
Therefore, only the d.c. component reaches the load RL.
Capacitor Input Filter or π-Filter              
Fig.4(i) shows the circuit diagram of a typical capacitor input filter or π–filter. Fig.4(ii) shows the rectifier output, which is applied as the filter input and the filter output wave forms.
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Fig.4(i)
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Fig.4(ii)
As we can see in Fig.4(i) the shape of the circuit diagram of this filter circuit looks like π, hence it is also known as π-filter.
In this circuit a filter capacitor C1 is connected across the rectifier output.
A choke L is connected in series and another filter capacitor C2 is connected across the load.
Here only one filter section is shown, but most often several identical sections are used to improve the smoothing action.
The pulsating output from the rectifier is applied across the input terminals 1 and 2 of the filter.
The filtering action of the three components i.e. C1, L  and C2 of the filter is described as below.
The filter capacitor C1 offers low reactance to the a.c. component of the rectifier output while it offers infinite reactance to the d.c. component. Therefore, capacitor C1 bypasses an appreciable amount of a.c. component while the d.c. component continues its journey to the choke L.
The choke L offers a high reactance to the a.c. component while it offers almost zero reactance to the d.c. component. Therefore, it allows the d.c. component to flow through it, while the unbypassed a.c component is blocked.
The filter capacitor C2 bypasses the a.c. component which the chock L has failed to block.
Hence, only the d.c. component appears across the load RL.

Various Types Of Diodes With Their Characteristics & Uses
The diode is the most used semiconductor device in electronics circuits. It is a two-terminal electrical check valve that allows the flow of current in one direction. They are mostly made up of silicon but germanium is also used. Usually, they are used for rectification. But there are different properties & characteristics of diodes which can be used for different application. These characteristics are modified to form different types of diodes. Nowadays, several different types of diodes having different properties are available.
· Related post: Different Types of Sensors with Applications
[image: C:\Users\poonam\Desktop\Types-of-Diodes-and-Their-Applications.jpg]
 
P-N Junction Diode
The P-N junction diode is made up of semiconductor material. It consists of two layers of semiconductors. One layer is doped with P-type material and the other layer with N-type material. The combination of these both P and N-type layers form a junction known as the P-N junction. Hence the name P-N junction diode.

It allows the flow of current in the forward direction and blocks it in reverse direction. They are also known as rectifier diode used for rectification.
There are different types of diodes that use the P-N junction with variation in doping concentration.
Small Signal Diode
It is a type of P-N junction diode which operates on low voltage signals. Its junction area is very small. Due to which, the junction has less capacitance & low charge storing capacity. It enables the small signal diode to have high switching speed with very fast recovery time. However, its limitations are low voltage and current parameters.
Due to its high switching speed, these types of diodes are used in circuits with high frequencies.
Rectifier Diode
A rectifier diode is a type of P-N junction diode, whose P-N junction area is very large. This results in high capacitance in reverse direction. It has low switching speed.
[image: C:\Users\poonam\Desktop\Rectifier-Diode.png]
This is the most common and most used type of a diode. These types of diodes can handle heavy current and are used in converting AC into DC (Rectification).
Schottky Diode
The Schottky diode, named after a German physicist Walter H. Schottky, is a type of diode which consists of a small junction between an N-type semiconductor and a metal. It has no P-N junction. 
The plus point of the Schottky diode is that it has very low forward voltage drop and fast switching. As there is no capacitive junction (P-N junction), the Schottky diode switching speed is very fast.
[image: C:\Users\poonam\Desktop\Schottky-Diode.png]
The limitation of Schottky diode is that it has low reverse breakdown voltage and high reverse leakage current.
Super Barrier Diodes
Super barrier diodes (SBR) are also rectifier diodes but they have a low forward voltage drop just like a Schottky diode. They have low reverse leakage current just like a normal P-N junction diode.
SBR uses MOSFET by making short contact between its gate and source.
SBR has a low forward voltage drop, less reverse leakage current and fast switching capability.
· Related Post: Types of Switches. Its Construction, Working & Applications
Light Emitting Diode (LED)
The light emitting diode is also a type of P-N junction diode that emits light in the forward bias configuration.
LED is made up of a direct-band semiconductor. When the charge carriers (electrons) cross the barrier and recombine with electron holes on the other side, they emit photon particles (light). While the color of the light depends on the energy gap of the semiconductor.
[image: C:\Users\poonam\Desktop\LED.png]
LED converts electrical energy into light energy.
Photodiode
The photodiode is a type of P-N junction diode that converts the light energy into electrical current. Its operation is opposite to that of an LED.
[image: C:\Users\poonam\Desktop\PhotoDiode.png]
Every semiconductor diode is affected by optical charge carriers. It is why they are packaged in a light blocking material.
In the photodiode, there is a special opening that allows the light to enter its sensitive part.
When the light (Photon particles) strikes the PN junction, it creates an electron-hole pair. These electron and hole flow out as electrical current. To increase its efficiency, a PIN junction diode is used.
A photodiode is used in reverse bias and they can be used in solar cells.
· Related Post: Types of Fuses – Its Construction, Operation & Applications
Laser Diode
A laser diode is similar to LED because it converts electrical energy into light energy. But unlike LED, Laser diode produces coherent light.
[image: C:\Users\poonam\Desktop\Laser-Diode.png]
The laser diode consists of a PIN junction, where electron and holes combine together in the intrinsic (I) region. when they combine, it generates a laser beam.
Laser diodes are used in optical communication, laser pointer, CD drives and laser printer etc.
Tunnel Diode
Tunnel diode was invented by Leo Esaki in 1958 for which he received Nobel prize in 1973, which is why it is also known as Esaki diode.
A tunnel diode is a heavily doped P-N junction diode. It works on the principle of the tunneling effect. Due to heavy doping concentration, the junction barrier becomes very thin. This allows the electron to easily escape through the barrier. This phenomenon is known as tunneling effect.
The Tunnel diode has a region in its VI curve where the current decreases as the voltage increases. This region is known as the negative resistance region. The tunnel diode operates in this region in different applications such as an oscillator and a microwave amplifier.
The symbol with VI characteristic curve of tunnel diode is given below:
[image: C:\Users\poonam\Desktop\Tunnel-Diode.png]
The tunnel diode also conducts current in reverse direction & it is a fast switching device.
· Related Post: Types of Resistors | Fixed, Variable, Linear & Non-Linear
Zener Diode
Zener diode is named after Clarence Malvin Zener who discovered the zener effect.
It is a type of diode, which not only allows the flow of current in the forward direction but also in reverse direction. when the reverse voltage reaches the breakdown voltage known as Zener voltage it allows the current flow.
The Zener diode has heavier doping concentration than a normal P-N junction diode. Hence, it has a very thin depletion region.
In forward bias, it operates as a simple P-N junction diode (Rectifier).
In reverse bias, it blocks until the reverse voltage reaches breakdown. After that, it allows the current flow with a constant voltage drop.
[image: C:\Users\poonam\Desktop\Zener-Diode.png]
Zener reverse breakdown is caused due to two reason i.e. electron quantum tunneling and Avalanche breakdown.
A Zener diode is mainly used in reverse bias configuration. It provides a stabilized voltage for protection of circuits from overvoltage.
Backward Diode
The backward diode or the back diode is a P-N junction diode, whose operation is similar to that of tunnel diode and Zener diode. But the operating voltages are much lower.
A backward diode is essentially a tunnel diode, whose one side of the junction has relatively less doping concentration compared to the other side.

In the forward bias, it operates as a tunnel diode but its tunneling effect is much reduced as compared to tunnel diode. Otherwise, it operates as a normal P-N junction diode.
In reverse bias, it operates as a Zener diode but the breakdown voltages are much lower.
It is not widely used but it can be used for rectification of a small voltage signal (0.1 to 0.6v). Due to its fast switching speed, it can be used as a switch in RF mixer and multiplier.
· Related Post: Types Of Capacitors | Fixed, Variable, Polar & Non-Polar
Avalanche Diode
The Avalanche diode is a P-N junction diode that is specifically designed to operate in the avalanche breakdown region.
Avalanche breakdown is a phenomenon where sufficient reverse voltage is applied to the P-N junction. Due to which, the minority carrier ionizes & starts a heavy current flow in reverse direction.
Avalanche diode works electrically similar to the Zener diode. However, the doping concentration of a Zener diode is relatively higher as compared to an avalanche diode.
The heavy doping inside the Zener diode creates a small junction & low voltages can easily break it. However, the avalanche diode has a wide junction because of light doping concentration. Thus, it requires a high voltage for its breakdown. This wide junction makes it a better surge protector compare to a simple Zener diode.
Transient Voltage Suppression (TVS) Diode
Transient voltage suppression diode or TVS diode is a type of avalanche diode that protects the circuit form high voltage surges.
TVS diode has the capability of handling high voltages as compared to avalanche diode.
Unidirectional TVS diode operates similar to avalanche diode. it acts as a rectifier in forward bias & surge protector in reverse bias.

Bidirectional TVS diode acts as two avalanche diodes opposing each other in series. It is manufactured as a single component. It operates both ways and provides surge protection when used in parallel with a circuit.
· Related post: Types of Latches – SR & D Latches
Gold Doped Diode
In such type of diode, Gold or platinum is used as the dopant (doping material). It enables the diode to operate at fast switching speed but at the expense of increasing the forward voltage drop. Also, its reverse leakage current is higher than a normal P-N junction diode. 




UNIT 2
BIPOLAR TRANSISTORS AND FIELD EFFECT TRANSISTORS
What is a Bipolar Junction Transistor (BJT)?
A bipolar junction transistor is a three-terminal semiconductor device that consists of two p-n junctions which are able to amplify or magnify a signal. It is a current controlled device. The three terminals of the BJT are the base, the collector, and the emitter. A signal of a small amplitude applied to the base is available in the amplified form at the collector of the transistor. This is the amplification provided by the BJT. Note that it does require an external source of DC power supply to carry out the amplification process.
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