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Semiconductor electronics 

Semiconductor 

The materials, whose conductivity lies in-between conductor and insulator, are known as 

semiconductor. On the basis of number of valence electron, semiconductor could be defined as: 

when the number of outermost orbit electron is equal to 4, it is called semiconductor. On the 

basis of Energy band theory, the materials in which energy gap in-between valence band and 

conduction is very small (~1 eV), it is called semiconductor. For example: Silicon (Si), 

Germanium (Ge) and carbon (C). In simple way, the material whose conductivity is higher than 

insulator and lower than conductor, is called be semiconductor. The modern understanding of the 

physical properties of a semiconductor material relies on quantum physics to give details the 

movement of charge carriers in a crystal lattice [1]. 

Semiconductor could be grouped in two ways: intrinsic semiconductor and extrinsic 

semiconductor. 

Intrinsic semiconductor: A semiconductor, which is in extremely pure form, known as 

intrinsic semiconductor. For examples: Ge and Si. 

Extrinsic semiconductor: When, we add the appropriate amount of trivalent or pentavalent 

impurity in intrinsic semiconductor to increase the conductivity of sole material, it is called 

extrinsic semiconductor.  

On the basis of added impurity, extrinsic semiconductor could be classified as n-type and p-type 

semiconductor [2]. 
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p-type semiconductor: When a small amount of Trivalent impurity (Al) is added in intrinsic 

semiconductor or pure form semiconductor, it is called p-type semiconductor. The schematic 

representation of p-type semiconductor is shown in Figure 1a. 

n-type semiconductor: When a small amount of Pentavalent impurity such as arsenic (As) 

is added in intrinsic semiconductor, it is called n-type semiconductor as shown in Figure 1b. 

 

 

Figure 1. Schematic representation of (a) p-type semiconductor and (b) n-type semiconductor 

(adopted from https://circuitglobe.com/n-type-semiconductor.html) 

p-n Junction diode: 

A p-n-junction is formed when an n-type material is fused together with a p-type material using a 

special technique then the contact surface is called p-n junction and this device is known as p-n 

junction diode as shown in Figure 2.  
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https://circuitglobe.com/n-type-semiconductor.html
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Figure 2. Schematic diagram of p-n junction diode 

As soon as the junction is formed, there is an instant diffusion of charge carriers occurs across 

the junction owing to thermal agitation [3]. A number of the electrons (majority carriers) in the 

n-region begin to diffuse into p-region and come together with holes available there and leads to 

un-neutralized positive donor ions in the n-region. Likewise, holes (majority carries) in the p-

region begin to diffuse into n-region and join with the electrons present in n-region leave-taking 

un-neutralized acceptor ions in p-region. Thus, there is buildup of uncovered positively charge 

donor ions close to the junction in n-region and negatively charged acceptor ions close to the 

junction in p-region where they prevents the further diffusion of the electrons and holes in 

junction region [4]. Owing to this accumulation, excess positive charge in n-region repels holes 

to diffuse across the junction and excess negative charge in p-region repels electrons to defuse 

across the junction thereby internal electric field is produced across the junction directed from n-

region to p-region which works as a barrier against further movement of charge carriers 

(electrons and holes). This is called potential barrier or junction barrier and it is of the order of 

0.1 to 0.5 V depending upon junction’s temperature. The region on either side of the junction 

which becomes depleted (free) of mobile charge carriers, is called depletion layer or transition 

region shown in Figure 2. The thickness of the region is observed in the order of microns. 

--

-

-

- -
-

-
-

-

- -

- -
+

+

+

+
+

+
+

+
+

+

+

+

+
+

+

++
+

-

- -

-+

+

+

+ -
-
-
-

N-type P-type 

Depletion region



4 
 

Working of the p-n junction diode: 

Forward biasing 

When positive terminal of the battery is connected to the p-type semiconductor and negative 

terminal of the battery is connected to the n-type semiconductor, it is called forward biasing.  

 

Figure 3. Battery connection for forward biasing and I-V characteristic (adopted from 

https://www.physics-and-radio-electronics.com/electronic-devices-and-circuits/semiconductor-

diodes/forwardbiasedpnjunctionsemiconductordiode.html) 

In this condition, holes from the p-type semiconductor start to enter into n-type semiconductor 

and electron from the n-type semiconductor begin to enter to the p-region of semiconductor and 

thereby the current starts to increase in the circuit as represented in Figure 3a. The characteristic 

I-V curve of forward biasing is shown in Figure 3b.  

Reverse biasing 

This is the reverse type connection of the forward biasing. When negative terminal of the battery 

is connected to the p-type semiconductor and positive terminal of the battery is connected to the 

n-type semiconductor, this arrangement is called reverse biasing. In this condition, holes of p-

a b

https://www.physics-and-radio-electronics.com/electronic-devices-and-circuits/semiconductor-diodes/forwardbiasedpnjunctionsemiconductordiode.html
https://www.physics-and-radio-electronics.com/electronic-devices-and-circuits/semiconductor-diodes/forwardbiasedpnjunctionsemiconductordiode.html
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type semiconductor attract toward the negative terminal of battery and electron of n-type 

semiconductor attract toward to the positive terminal of battery. The net result is that the 

depletion layers of junction diode grows wider due to a lack of electrons and holes and produce a 

high resistive path for the conduction i.e. almost an insulator (Figure 4a). Therefore, a high 

potential barrier is developed and preventing current from flowing through the semiconductor 

material and therefore the current does not start in the circuit. However a small current is still 

flow in the circuit owing to the minority charge carriers as shown in Figure 4b. 

 

Figure 4. Reversing biasing and I-V characteristic (adopted from https://www.electronics-

tutorials.ws/diode/diode_3.html) 

 

Junction Breakdown 

Breakdown is characterized by the rapid increase of the current under reverse bias mechanism of 

the p-n junction diode. The corresponding applied voltage is referred to as the breakdown 

voltage. In starting, a very small current starts to flows owing to the minority charge carriers 

presented in the semiconductor. While, on increasing the more reverse voltage, numerous 

minority charge carriers (electron-hole) are generated. Due to the high reverse bias voltage, these 

a b

https://www.electronics-tutorials.ws/diode/diode_3.html
https://www.electronics-tutorials.ws/diode/diode_3.html
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new charge carriers are also accelerated and collide with other covalent bonds. This process is 

cumulative and it will continue until an avalanche of electrons is developed and a very large 

current flows through the junction diode. This breakdown is known as avalanche breakdown. 

This breakdown occurs at very high voltage. 

Zener breakdown 

Zener breakdown mechanism depends upon the doping of the impurities in the semiconductor. If 

a p-n junction is doped with a high density of impurities (>1022   m-3   ) then, the depletion layer 

becomes very narrow and electronic field across the depletion layer becomes large enough. 

When we apply reverse bias voltage at this junction, the electric field becomes so large even at 

low voltage that it may cause rupture of the covalent bonds and breakdown the junction. This 

breakdown is known as Zener breakdown and this diode is known as zener diode. Zener 

breakdown occurs at lower voltages than avalanche breakdown. 

Zener diode  

It has been discussed that the breakdown or Zener voltage depends upon the quantity of doping 

material. If the diode is heavily doped, depletion layer will be thin and as a result the breakdown 

of the junction will occur at a lower reverse voltage. On the other hand lightly doped diode as a 

higher breakdown voltage. When an ordinary crystal diode is properly doped so that it has a 

sharp breakdown voltage, it is called a Zener diode as shown in Figure 5. A properly doped 

crystal diode which has a sharp breakdown voltage is known as a Zener diode. The Zener diode 

is used as the generation of a reference voltage or as a voltage stabilizer for low-current 

applications [5]. 

https://en.wikipedia.org/wiki/Voltage_reference


7 
 

 

Figure 5. Zener diode characteristic (adopted from https://www.electronics-

tutorials.ws/diode/diode_7.html) 

 

The following points could be noted about the Zener diode:  

(i) A Zener diode is like an ordinary diode except that it is properly doped to have a 

sharp breakdown voltage 

(ii) A Zener diode is always reverse connected i.e. it is always reverse biased. 

(iii) A Zener diode has sharp breakdown voltage, known Zener voltage. 

(iv) During forward biasing, its characteristics are often just those of ordinary diode.  

(v) The Zener diode is not immediately brunt just because it has entered the breakdown 

region. As long as the external circuit connected to the diode limits the diode current 

to less than burn out value, the diode will not burn out.  

Direct and indirect band gap semiconductor 

Semiconductor can be classified as Direct and indirect band gap semiconductor depending 

upon the structure of energy band gap. The energy band gap picture of two type 

semiconductor is shown in Figure. The energy of the top of the valence band and the bottom 

of the conduction are shown as the function of the wave vector of the k. It can be seen that 

the energy difference between the bottom of the conduction band and top of the valence band 

https://www.electronics-tutorials.ws/diode/diode_7.html
https://www.electronics-tutorials.ws/diode/diode_7.html


8 
 

varies with the values of k. The energy gap of the semiconductor is taken as difference 

between the minimum energy of the bottom of the conduction band and the maximum energy 

of the top of the valence band.  

In a direct band gap semiconductor, the lowest energy of the conduction band gap occurs 

at the same k value as shown in Figure 6a. In an indirect band gap semiconductor, the k 

value corresponding to the lowest energy of the conduction band is different from that of the 

highest energy of the valence band as shown in Figure 6b.  

 

Figure 6. Schematic representation of (a) direct bandgap semiconductor and (b) in indirect 

bandgap semiconductor. 

In the direct bandgap semiconductor, a direct recombination occurs and energy equal to 

the energy difference between the recombining particles is released. While, In case of a indirect 

bandgap semiconductor, owing to a relative difference in the momentum, a recombination occurs 

accompanied with the release of energy. 
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Half wave rectifier  

Any electrical device which offers low impedance to the current in one direction and relatively 

produce high impedance in reverse direction may work as rectifier.  

A half wave rectifier is defined as a type of rectifier that only allows one half cycle of 

alternative current (AC) input signal and blocks the other half cycle of AC input. The schematic 

representation of half wave rectifier is shown in Figure 7. During the positive half cycles, diode 

remains in forward biasing, therefore current will flow in load resistance RL while during the 

negative half cycle of the input signal, the diode remains in reverse bias. 

 

Figure 7. Half wave rectifier (adopted from https://www.physics-and-radio-

electronics.com/electronic-devices-and-circuits/rectifier/halfwaverectifier.html) 

In this condition diode resistance will be high and current does not flow in load resistance. Hence 

we can say that current will flows in load resistance only during the positive half cycles. In this 

way, current flows through load resistance always in same direction. Hence, direct current (DC) 

output is obtained across load resistance.  

Full wave rectifier  

The basic circuit arrangement of full wave rectifier is shown in Figure 8. Here two diodes are 

used to convert AC to DC [6]. AC signal which has to be convert in DC signal, is supplied in 

https://www.physics-and-radio-electronics.com/electronic-devices-and-circuits/rectifier/halfwaverectifier.html
https://www.physics-and-radio-electronics.com/electronic-devices-and-circuits/rectifier/halfwaverectifier.html
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primary coil of the transformer. During one positive half-cycle of the input AC signal, the top 

terminal of the secondary coil of transformer remains positive relative to the centre tap. In this 

condition, diode D1 acts as forward bias while D2 acts as reverse bias. So the top diode D1 will 

conduct and current will flows through load resistance RL owing to the diode D1. During the 

negative half cycle of the AC input, the bottom terminal of the transformer secondary sets at 

positive voltage, so the bottom diode D2 conducts while top diode D1 will be in reverse bias. In 

this condition, the current flows in load resistance only due to diode D2. 

 

Figure 8. Full wave rectifier (adopted from 

https://electronics.stackexchange.com/questions/390234/full-wave-rectifier) 

It should be noted that current in load resistance is in the same direction for both cycles. Thus, 

the resulting output voltage across load resistance is continuous series of unidirectional (DC) 

pulse.   

Filters circuit 

The filter circuit is a device that allows only the dc component of input signal to the load and 

blocks the ac component. Thus the output of the filter circuit will be a steady dc voltage only. 

The filter circuit can be constructed by the combination of components like capacitors, resistors, 

and inductors. 

https://electronics.stackexchange.com/questions/390234/full-wave-rectifier
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Shunt capacitor filter with rectifier 

A shunt capacitor filter with full wave rectifier is depicted in Figure 9. A capacitor is connected 

in parallel with load resistance RL.. The pulsating direct voltage obtained from rectifier is applied 

across the capacitor. As the rectified voltage increases (during the first positive quarter cycle), it 

charges the capacitor up to the peak value of voltage EO and supplies current to the load. After 

the first quarter cycle, the rectified output voltage starts to drop up to zero. Now, the capacitor 

starts to discharges through the load and supply the current to the load. The rate of drop of 

voltage depends upon the time constant CRL of the circuit. The voltage across load will decrease 

only slightly because immediately the next voltage peak comes and recharges the capacitor. The 

process repeated again and again and the output voltage becomes as shown in Figure 9. The 

pulsations are now much reducing in the output.  

 

Figure 9. Full wave rectifier with capacitor filter (adopted from 

https://brainly.in/question/12606155) 

The capacitor filter is extremely popular because of its low cost, small size with good 

characteristics for small load current. It is commonly used in transistor radio battery eliminators. 

The size of the capacitor C is determined by the amount of ripple factor [7].  

 

https://brainly.in/question/12606155
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Series Inductor Filter or Choke input filter 

The circuit diagram of a full wave rectifier with a series inductor filter is shown in Figure 10. As 

the name of the filter circuit indicates, the Inductor L is connected in series between the rectifier 

circuit and the load as shown in Figure 10. The inductor carries the property of opposing the 

change in current that flows through it. 

 

Figure 10. full wave rectifier with a series inductor filter (adopted from 

https://www.quora.com/How-does-an-inductor-filter-work) 

In other words, the inductor offers high impedance to the ripples and no impedance to the desired 

dc components. Thus the ripple components will be eliminated. When the rectifier output current 

increases above a certain value, energy is stored in it in the form of a magnetic field and this 

energy is given up when the output current falls below the average value. Thus all the sudden 

changes in current that occurs in the circuit will be smoothened by placing the inductor in series 

between the rectifier and the load. 

 

https://www.quora.com/How-does-an-inductor-filter-work
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Capacitor input or π filter 

The name π–Filter implies to the arrangement of the circuit to a π shape with two shunt 

capacitors (C1 and C2) and an inductance filter ‘L’ as depicted in Figure 11. As the rectifier 

output is provided directly into the capacitor it called a capacitor input filter also. The output 

from the rectifier is first supply to the shunt capacitor C1. The rectifier used can be half or full 

wave rectifier and the capacitors are usually electrolytic capacitor even though they large in size. 

In practical applications, the two capacitances are enclosed in a metal container which acts as a 

common ground for the two capacitors. 

 

Figure 11. Rectified and filtered output voltage waveform full wave rectifier with capacitor input 

filter (adopted from 

https://www.researchgate.net/publication/323470335_Rectifiers_Clippers_and_Clampers/figure

s?lo=1) 

Circuit diagram and the waveform are also given in Figure 11. When compared to other type of 

filters, the π – Filter displays some advantages like higher dc voltage and smaller ripple factor. 

However, it has some disadvantages like high peak diode current, poor voltage regulation and 

high peak inverse voltage etc. 

https://www.researchgate.net/publication/323470335_Rectifiers_Clippers_and_Clampers/figures?lo=1
https://www.researchgate.net/publication/323470335_Rectifiers_Clippers_and_Clampers/figures?lo=1
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