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YÉÜxãÉÜw 
Electronic components are the basic building blocks of electronic circuits, essential for controlling 

and manipulating electrical signals. Key components include resistors, which regulate current flow; 

capacitors, which store and release energy; diodes, which allow current to flow in one direction; transistors, 

used for amplification and switching; and inductors, which store energy in a magnetic field. These 

components work together in circuits to perform specific functions, such as signal processing, power 

management, and data transmission, forming the foundation of modern electronic devices like smartphones 

and computers. 

This document is a course support for electronic components intended for students in the Master 2  in 

Physics of Materials, who wish to deepen their knowledge in the subject. This document aims particularly to 

support the personal work of the student and to make the professor's work more effective. The aim behind 

this course is to simplify the essential ideas contained in this course and to make them didactically simpler. 

Consequently, the emphasis will be placed on physical explanations, demonstrations, and examples when 

they are essential for the students' good understanding. In the context of this course, we are mainly interested 

in presenting the content of the subject of electronic components in accordance with the official program. 

The program is structured in the form of four chapters; these chapters allow the main concepts of electronic 

components to be introduced in a simple way. 

The first chapter, entitled Diodes, is devoted to presenting basic notions on semiconductors as an 

introduction and more mainly to the in-depth study of PN junction diodes, their polarization, their modeling 

and their different functions. 

The second chapter, entitled Transistors, will be dedicated to the study of the different types of junction 

and field effect transistors, their operating principle, their characteristics and their polarization in static 

and dynamic regime. 

The third chapter, entitled Transistor Amplifiers ; is devoted to examining their operation, their 

equivalent diagrams, their main electrical characteristics and their applications in modern technology. 

The last chapter deals with the different types of feedback in positive or negative amplifiers and their 

general properties. the study of their influence on gain fluctuations and input and output impedances in 

electrical circuits. 

A large number of bibliographic references have been used to develop this document. Each chapter is 

preceded by the main part of a course followed by assessment questions with their indicators. I hope that 

this handout will serve as a valuable working tool for level License and Master in physics and electronics 

students. 

WÜA ZtvxÅ TÅxÄ 
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V{tÑàxÜ I W|Éwx 

 

 

 

 

I.1. Introduction  

Diodes are semiconductor devices from the late 1940s that control electrical current flow. They 

exhibit phenomena like biasing and de-biasing and have a constant voltage drop. They turn off quickly 

when in reverse-bias state. As electrical sources, diodes can switch multiple modes with minimal delay, 

providing a large variety of commercial uses. Their initial purpose was as a method of rectification in 

radio receivers. Nowadays, diodes are incorporated into many electronic and electrical components and 

devices, allowing the current flow through circuits to be controlled in an array of applications. Many 

improvements have continuously driven the power handling capabilities, switching speeds, and 

operating temperatures of diodes over the past century. Their role in the modern world has expanded 

significantly within consumer and commercial products. Newer devices such as diacs, unijunction 

transistors, and tunnel diodes have since evolved through integrating diode-type components. The 

improvement to efficiency and power handling capacity of the diodes has drastically increased through 

numerous improvements. Diodes have gradually become one of the more beneficial and fundamental 

types of electronic devices.  

I.2. Overview of Metals, Insulators and Semiconductors 

Metals, insulators, and semiconductors are often viewed as distinct classes of materials. For 

example, copper conducts electricity very well, whereas glass does not. Semiconductors, like 

germanium used in transistors, are intermediate in behaviour. There are, in fact, materials that cannot 

be classified neatly into any of these three classes. However, these are a minority, and the basic ideas 

about metals, insulators, and semiconductors are useful in understanding most of the materials with 



Chapter I   Diodes Electronic Components

    

 

WÜA TÅxÄ ZtvxÅ  2024 - 2025      10 

which we are concerned in this document. Copper and glass have typically metal- and insulator-like 

behaviour. What is the origin of these differences? In the case of elemental solids, differences in their 

electrical properties are related to the nature of the bonds between atoms. The different types of bonds 

are illustrated by considering the elements. Every element, or at least most of them, can be assigned 

one of the following three categories: metals are elemental substances composed of atoms that bear a 

loose negative charge, distributed into all or part of the material. Metallic bonds are formed when metals 

have solid-state structure. The metal atoms share their outer electrons throughout the whole material. 

The atoms in insulators also share their outer electrons. However, they do not share them throughout 

the whole material. Instead, the atoms arrange themselves into spatial regions by themselves that 

encompass the various atoms. This spatial grouping is possible because the outer electrons in the 

insulator atoms are valence electrons involved in forming bonds. Semiconductors are somewhat like 

insulators.  

Their atoms also fall into special regions with well-defined boundaries. However, in these 

materials, only some of the outer electrons are involved in forming groups. As a result, adjacent regions 

overlap. In this section, we explain these three types of atomic structure.  

In the early stages of electronics development, metals were the primary focus with only a small role 

for insulators, as most metals have the properties needed to design a conductive path. If we consider a 

simple one-dimensional model, where a single electron can move along a path blocked by two energy 

barriers, the probability of the electron overcoming or tunnelling through these barriers can be 

expressed using the potential step. 

 It's then realized that the total probability, or current, decreases exponentially as the electron moves 

into the regions where it encounters potential barriers. For a simple potential barrier of positive energy 

approaching a barrier of height, we find the transmission coefficient by multiplying it with its complex-

conjugate form, using the energy relationship to obtain the probability of the particle crossing to the 

other side.  

The resulting behaviour for small barriers is that the probability is unity when the energy is less 

than the barrier's height, but drops to zero when it exceeds it - exactly as intuition would suggest. 

To enable electrical current to flow over long distances, we need material properties that allow 

electrons to move over virtually all distances within a typical length of conducting wire. 
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Table I.1 Periodic Table of Semiconductors 

 

•  An insulator does not conduct electrical current under normal conditions. Most insulators are 

compounds and have very high resistivities. Valence electrons are tightly bound to the atoms and 

there are very few free electrons. Examples: rubber, plastics, glass, mica, quartz (Figure I.1 (a)). 

•  A conductor easily conducts electrical current. Most metals are good conductors. The best 

conductors are single-element materials, such as copper (Cu), silver (Ag), gold (Au), and aluminium 

(Al), characterized by atoms with one valence electron very loosely bound to the atom. These loosely 

bound valence electrons become free electrons (Figure I.1 (b)). 

•  A semiconductor in its pure (intrinsic) state is neither a good conductor nor a good insulator. 

Single-element semiconductors are (characterized by atoms with four valence electrons) antimony 

(Sb), arsenic (As), astatine (At), boron (B), polonium (Po), tellurium (Te), silicon (Si), and germanium 

(Ge). Compound semiconductors such as gallium arsenide, indium phosphide, gallium nitride, and 

silicon germanium are also commonly used. Silicon is the most commonly used semiconductor 

(Figure I.1 (c)). 



Chapter I   Diodes Electronic Components

    

 

WÜA TÅxÄ ZtvxÅ  2024 - 2025      12 

 

Figure I.1 Diagrams of Insulator (a), conductor (b) and semiconductor (c). 

 The energy difference between the valence band and the conduction band is the energy 

gap or band gap; the amount of energy that a valence electron must acquire to jump from the 

valence band to the conduction band. Once in the conduction band, the electron is free to move 

throughout the material. The band gap contains energy levels “not allowed” by quantum theory. It 

is a region in insulators and semiconductors where no electron states exist, although an electron can 

“jump” across it under certain conditions (Figure I.2). 

 

In semiconductors, the band gap is smaller, allowing an electron in the valence band to jump 

into the conduction band if it absorbs a photon. The band gap depends on the semiconductor 

material. In conductors, the conduction band and valence band overlap, so there is no gap. 

Electrons in the valence band move freely into the conduction band, so there are always electrons 

available as free electrons. 
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Figure I. 3 Schematic band diagram of metal, semiconductor and insulator. 

I.3. Semiconductor materials 

Semiconductors materials such as silicon (Si), germanium (Ge) and gallium arsenide (GaAs), 

have electrical properties somewhere in the middle, between those of a “conductor” and an “insulator”. 

They are not good conductors nor good insulators (hence their name “semi”-conductors). They have 

very few “free electrons” because their atoms are closely grouped together in a crystalline pattern called 

a “crystal lattice” but electrons are still able to flow, but only under special conditions. Semiconductor 

materials are the basic building blocks of all electronic devices from transistors, to phones, to 

computers, and to the internet. The ability of semiconductors to conduct electricity can be greatly 

improved by replacing or adding certain donor or acceptor atoms to this crystalline structure thereby, 

producing more free electrons than holes or vice versa. That is by adding a small percentage of another 

element to the base material, either silicon or germanium. On their own Silicon and Germanium are 

classed as intrinsic semiconductors, that is they are chemically pure, containing nothing but semi-

conductive material. But by controlling the amount of impurities added to this intrinsic semiconductor 

material it is possible to control its conductivity. Various impurities called donors or acceptors can be 

added to this intrinsic material to produce free electrons or holes respectively. 

This process of adding donor or acceptor atoms to semiconductor atoms (the order of 1 impurity 

atom per 10 million (or more) atoms of the semiconductor) is called Doping. The as the doped silicon 

is no longer pure, these donor and acceptor atoms are collectively referred to as “impurities”, and by 

doping these silicon material with a sufficient number of impurities, we can turn it into an N-type or P-

type semi-conductor material. The most commonly used semiconductor basics material by far 

is silicon. Silicon has four valence electrons in its outermost shell which it shares with its neighbouring 

silicon atoms to form full orbital’s of eight electrons. The structure of the bond between the two silicon 
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atoms is such that each atom shares one electron with its neighbour making the bond very stable. As 

there are very few free electrons available to move around the silicon crystal, crystals of pure silicon 

(or germanium) are therefore good insulators, or at the very least very high value resistors. Silicon 

atoms are arranged in a definite symmetrical pattern making them a crystalline solid structure. A crystal 

of pure silica (silicon dioxide or glass) is generally said to be an intrinsic crystal (it has no impurities) 

and therefore has no free electrons. 

But simply connecting a silicon crystal to a battery supply is not enough to extract an electric 

current from it. To do that we need to create a “positive” and a “negative” pole within the silicon 

allowing electrons and therefore electric current to flow out of the silicon. These poles are created by 

doping the silicon with certain impurities. 

 

Figure I. 4 Diagram above shows the structure and lattice of a pure crystal of Silicon. 

I.3.1. N-type Semiconductor 

In order for our silicon crystal to conduct electricity, we need to introduce an impurity atom such 

as Arsenic, Antimony or Phosphorus into the crystalline structure making it extrinsic (impurities are 

added). These atoms have five outer electrons in their outermost orbital to share with neighbouring 

atoms and are commonly called “Pentavalent” impurities. This allows four out of the five orbital 

electrons to bond with its neighbouring silicon atoms leaving one “free electron” to become mobile 

when an electrical voltage is applied (electron flow). As each impurity atom “donates” one electron, 

pentavalent atoms are generally known as “donors”. Antimony (symbol Sb) as well 

as Phosphorus (symbol P), are frequently used as a pentavalent additive to silicon. Antimony has 51 

electrons arranged in five shells around its nucleus with the outermost orbital having five electrons. 

The resulting semiconductor basics material has an excess of current-carrying electrons, each with a 
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negative charge, and is therefore referred to as an N-type material with the electrons called “Majority 

Carriers” while the resulting holes are called “Minority Carriers”. When stimulated by an external 

power source, the electrons freed from the silicon atoms by this stimulation are quickly replaced by the 

free electrons available from the doped Antimony atoms. But this action still leaves an extra electron 

(the freed electron) floating around the doped crystal making it negatively charged. Then a 

semiconductor material is classed as N-type when its donor density is greater than its acceptor density, 

in other words, it has more electrons than holes thereby creating a negative pole as shown. As illustrated 

in Figure I. 5 each pentavalent atom (antimony) forms covalent bonds with four adjacent silicon atoms, 

leaving one extra electron. This extra electron becomes a conduction electron. 

•  Because the pentavalent atom gives up an electron, it is often called a donor atom. 

•  A conduction electron created by this doping process does not leave a hole in the valence band 

because it is in excess of the number required to fill the valence band. 

•  The electrons are called the majority carriers in n-type material since most of the current carriers 

are electrons (the n stands for negative charge). 

•  There are a few holes created when electron-hole pairs are thermally generated. Holes in an n-

type material are called minority carriers. 

 

 

Figure I.5 Pentavalent impurity atom in a silicon crystal structure. An antimony (Sb) atom 

is shown in the center. 
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I.3.2. P-type Semiconductor 

If we go the other way, and introduce a “Trivalent” (3-electron) impurity into the crystalline 

structure, such as Aluminium, Boron or Indium, which have only three valence electrons available in 

their outermost orbital, the fourth closed bond cannot be formed. Therefore, a complete connection is 

not possible, giving the semiconductor material an abundance of positively charged carriers known as 

holes in the structure of the crystal where electrons are effectively missing. 

As there is now a hole in the silicon crystal, a neighbouring electron is attracted to it and will 

try to move into the hole to fill it. However, the electron filling the hole leaves another hole behind it 

as it moves. This in turn attracts another electron which in turn creates another hole behind it, and so 

forth giving the appearance that the holes are moving as a positive charge through the crystal structure 

(conventional current flow). This movement of holes results in a shortage of electrons in the silicon 

turning the entire doped crystal into a positive pole. As each impurity atom generates a hole, trivalent 

impurities are generally known as “Acceptors” as they are continually “accepting” extra or free 

electrons. 

Boron (symbol B) is commonly used as a trivalent additive as it has only five electrons arranged 

in three shells around its nucleus with the outermost orbital having only three electrons. The doping of 

Boron atoms causes conduction to consist mainly of positive charge carriers resulting in a P-

type material with the positive holes being called “Majority Carriers” while the free electrons are called 

“Minority Carriers”. As illustrated in Figure I.6, each trivalent atom (boron) forms covalent bonds 

with four adjacent silicon atoms. All three of the boron atom’s valence electrons are used in the bonds, 

and a hole results. 

 

Figure I. 6 Trivalent impurity atom in a silicon crystal structure. A boron (B) impurity atom is 

shown in the center. 
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•  Because the trivalent atom can take an electron, it is often referred to as an acceptor atom. 

•  A hole created by this doping process is not accompanied by a conduction (free) electron. 

•  The holes are the majority carriers in p-type material since most of the current carriers are holes. 

•  There are a few conduction-band electrons created when electron-hole pairs are thermally 

generated. Conduction-band electrons in p-type material are the minority carriers. 

I.4. PN Junction Formation 

The physical structure of the junction is depleted with a barrier insulating charge stripes and fields 

within doped semiconductors. Physically, the depletion region assembles physical distances within the 

junction that eliminates a mixture of carriers to any side. 

The PN junction is formed when an N-type material is fused together with a P-type material 

creating a semiconductor diode, the PN junction theory shows that when silicon is doped with small 

amounts of Antimony, an N-type semiconductor material is formed, and when the same silicon material 

is doped with small amounts of Boron, a P-type semiconductor material is formed. Initially, any p-type 

and n-type semiconductor can be developed via an extrinsic impurity containing an electron-acceptor 

material used as a p-type semiconductor and a donor substance having electron supervisory capacity 

for establishing n-type material. Henceforth, these materials have to be combined to form PN junctions, 

intrinsically by the processes of preferment.  

These preferment’s could be accomplished via practicing doped semiconductors directly or 

intrinsic semiconductors developing excess carriers ready at the junction formation of p-n, comprising 

new supplies of electron holes. The designations of p-type are called holes' majority, and in n-type, as 

an electron's majority, are sustenance for the doped materials. Henceforth, carriers are endowed with 

charged carriers that include functionality within semiconducting.  

There is a variation in hole and electron carriers' concentration, yet each semiconductor acquires 

additional charge carriers since impurities are numerous within the substrate. As a result, the charge 

density of the P-type along the junction is filled with negatively charged acceptor ions ( NA ), and the 

charge density of the N-type along the junction becomes positive. This charge transfer of electrons and 

holes across the PN junction is known as diffusion. The width of these P and N layers depends on how 

heavily each side is doped with acceptor density NA, and donor density ND, respectively (Figure I.7). 



Chapter I   Diodes Electronic Components

    

 

WÜA TÅxÄ ZtvxÅ  2024 - 2025      18 

 

Figure I.7  PN junction formation showing the majority and minority carriers. 

This process continues back and forth until the number of electrons which have crossed the 

junction have a large enough electrical charge to repel or prevent any more charge carriers from 

crossing over the junction. Eventually a state of equilibrium (electrically neutral situation) will occur 

producing a “potential barrier” zone around the area of the junction as the donor atoms repel the holes 

and the acceptor atoms repel the electrons. 

Since no free charge carriers can rest in a position where there is a potential barrier, the regions 

on either sides of the junction now become completely depleted of any more free carriers in comparison 

to the N and P type materials further away from the junction. This area around the PN Junction is now 

called the Depletion Layer as shown in Figure I.8.  

This is fine, but these newly doped N-type and P-type semiconductor materials do very little on 

their own as they are electrically neutral. However, if we join (or fuse) these two semiconductor 

materials together they behave in a very different way as they merge together producing what is 

generally known as a "PN Junction" allowing us to study the effect of PN junction theory. 

When the N-type semiconductor and P-type semiconductor materials are first joined together, 

a very large density gradient exists between both sides of the PN junction. The result is that some of 

the free electrons from the donor impurity atoms begin to migrate across this newly formed junction to 

fill up the holes in the P-type material producing negative ions. However, because the electrons have 

moved across the PN junction from the N-type silicon to the P-type silicon, they leave behind positively 

charged donor ions ( ND ) on the negative side and now the holes from the acceptor impurity migrate 

across the junction in the opposite direction into the region where there are large numbers of free 

electrons. 
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Figure I.8 PN junction forms and creation of depletion region. 

The electric field created by the diffusion process has created a “built-in potential difference” 

across the junction with an open-circuit (zero bias) potential of: 

�� � �����	
	���

�� 

Where: 

 Eo is the zero bias junction voltage, VT the thermal voltage of 26 mV at room 

temperature, ND and NA are the impurity concentrations and ni is the intrinsic concentration. 

A suitable positive voltage (forward bias) applied between the two ends of the PN junction can 

supply the free electrons and holes with the extra energy. The external voltage required to overcome 

this potential barrier that now exists is very much dependent upon the type of semiconductor material 

used and its actual temperature. Typically at room temperature the voltage across the depletion layer 

for silicon is about 0.6 – 0.7 volts and for germanium is about 0.3 – 0.35 volts at 25 oC.. This potential 

barrier will always exist even if the device is not connected to any external power source, as seen in 

diodes. 

I.5. PN Junction Diode 

The PN junction diode consists of a p-region and n-region separated by a depletion region where 

charge is stored. The effect described in the previous tutorial is achieved without any external voltage 

being applied to the actual PN junction resulting in the junction being in a state of equilibrium. 

However, if we were to make electrical connections at the ends of both the N-type and the P-

type materials and then connect them to a battery source, an additional energy source now exists to 

overcome the potential barrier. 

The effect of adding this additional energy source results in the free electrons being able to cross 

the depletion region from one side to the other. The behaviour of the PN junction with regards to the 
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potential barrier’s width produces an asymmetrical conducting two terminal device, better known as 

the PN Junction Diode. A PN Junction Diode is one of the simplest semiconductor devices around, and 

which has the electrical characteristic of passing current through itself in one direction only.  

However, unlike a resistor, a diode does not behave linearly with respect to the applied voltage. 

Instead it has an exponential current-voltage ( I-V ) relationship and therefore we can’t described its 

operation by simply using an equation such as Ohm’s law. The p region is called the anode and is 

connected to a conductive terminal. The n region is called the cathode and is connected to a second 

conductive terminal. Figure I. 9  shows a DC voltage source connected by conductive material 

(contacts and wire) across a diode in the direction to produce forward bias. 

The external bias voltage is designated as VBIAS. The resistor limits the forward current to a 

value that will not damage the diode. 

 

Figure I.9  Diode connected for forward bias. 

 Requirements for forward bias: 

•  The negative side of VBIAS is connected to the n region of the diode and the positive side is 

connected to the p region. 

•  VBIAS must be greater than the barrier potential. 

 The depletion region narrows due to the reduction in negative and positive ions as majority 

carriers move toward the PN junction. 

 A voltage drop equal to the barrier potential (0.7 V for Silicon diode; 0.3 V for Germanium 

diode), is produced across the PN junction as electrons give up an amount of energy equivalent 

to the barrier potential when they cross the depletion region. 

 Reverse Bias: 

•  Reverse bias is the condition that prevents current through the diode. 
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•  Figure I.10 shows a DC voltage source connected across a diode in the direction to 

produce reverse bias. This external bias voltage is designated as VBIAS just as it was for forward  

 

Figure I.10 A diode connected for reverse bias 

The positive side of VBIAS is connected to the n region of the diode and the negative side is 

connected to the p region. Note that the depletion region is shown much wider than in forward bias or 

equilibrium. 

I.6. Basic Principles of Diodes 

Diodes are arguably the most fundamental semiconductor devices due to their versatile 

applications and their utilization in electronic circuit building blocks. They are two-terminal 

devices that conduct current in one direction and block it in the opposite direction. They are 

commonly used in unpolarized and polarized rectifier configurations, in high-capacity reverse-

current bypassing, in polarity inversion of signals or voltages, in polarity demodulation of 

modulated signals, in classical and high-speed switching, in signal clipping, in overstress 

protection, and many other applications. Consequently, an understanding of the dynamics of the 

forward and reverse states and their interaction is needed in order to tailor the performance 

characteristics to specific applications.  

The most important diode types to date will be discussed, including some advanced 

applications that showcase the behavior of these devices at present and under adverse 

conditions. A diode is a nonlinear semiconductor that conducts in one direction and blocks in the 

opposite direction. It is formed by connecting a p-type and n-type region of a semiconductor. Its 

purpose is to form an exclusive electron or hole supply at the p-n type regions to enable 

conduction current within a certain voltage range. In diodes with high doping and small depletion 
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region widths, the generation and recombination of charge carriers in the margins of the space 

change the diffusion parameters of transport in both directions. Small-signal industry manuals 

provide a good starting material, containing important forward voltage drop, diffusion and 

lifetime parameters, and reverse polarization leakage (Figure I.11).  

 

Figure I .11 Diode representations: PN junction model, schematic symbol, physical part. 

However, they either do not fully describe or fully assess the fast and slow recovery states of 

their switching characteristics, repetitive voltage and current limits, or sustained reverse breakdown 

levels under outdated over-adjustment pulse techniques. Diode behavior is analogous to the behavior 

of a hydraulic device called a check valve. A check valve allows fluid flow through it in only one 

direction as in the figure below (Figure I.12). 

 

Figure I.12 Hydraulic check valve analogy: (a) Current flow permitted. (b) Current flow 

prohibited. 

I.7. Fundamental Principles of Diode Operation 

Diodes contribute powerfully to the world of electronics as they impart a wide range of 

functions in most circuits. They are typically seen in rectifiers and as freewheeling diodes. 

Understanding how diodes work and the way they react and change when a voltage or current is 
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applied can help us design and improve loudspeaker crossover networking, maintain proper 

voltage and current levels in power supplies, delve into high-tech gamma ray lasers and medical 

devices, and even get to the base of how diode rings and single phasing work in three-phase 

machinery. 

A diode is made of an N-type semiconductor material and a P-type semiconductor material. The 

N-type material has abundant electric charge carriers that are negatively charged, while the opposite is 

true on the P-side. This means that the P-side contains an abundant amount of positive charge carriers, 

known as holes. Under normal conditions, the negative charge carriers of the N-side are constantly 

diffusing to the P-side due to the difference in charge carrying capacity between the P side and the N 

side. This creates negatively charged immobile ions on the P-side and leaves behind positively charged 

immobile ions on the N side, both of which are opposite to the side's current charge carriers. This 

creates what is called the 'Depletion Zone' or 'Space Charge Region' in between the P and N junctions 

where there are very few charge carriers. Silicon diodes have approximately 0.7 volts and germanium 

diodes have approximately 0.3 volts of potential difference across them when an N to P depletion zone 

is created. The diode is two terminal nonlinear device whose I-V characteristic besides exhibiting non-

linear behavior is also polarity dependent. The non-linear, and polarity characteristics of the diode make 

for a very interesting and useful device albeit at the expense of added complexity of circuit design and 

analysis. The basic circuit symbol of the diode is shown on Figure 1. Unlike the resistor, whose two 

terminal leads are equivalent, the behavior of the diode depend on the relative polarity of its terminals. 

The conventional voltage polarity across the diode terminals and the current direction through the diode 

are also indicated on Figure I.13.  

  

 Anode Cathode 

 

 I + VBIAS -   

  

Figure I.13 Diode circuit model.  

Depending on the polarity of the voltage, VBIAS the diode is said to be:  

 Forward Biased, (VBIAS >0), Anode voltage is greater than the Cathode voltage.  

 Reverse Biased, (VBIAS<0), Cathode voltage is greater than the Anode voltage.  
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If a suitable positive voltage (forward bias) is applied between the two ends of the PN junction, 

it can supply free electrons and holes with the extra energy they require to cross the junction as the 

width of the depletion layer around the PN junction is decreased.  

By applying a negative voltage (reverse bias) results in the free charges being pulled away from 

the junction resulting in the depletion layer width being increased. This has the effect of increasing or 

decreasing the effective resistance of the junction itself allowing or blocking the flow of current through 

the diodes PN junction. Then the depletion layer widens with an increase in the application of a reverse 

voltage and narrows with an increase in the application of a forward voltage.  

This is due to the differences in the electrical properties on the two sides of the PN junction 

resulting in physical changes taking place. One of the results produces rectification as seen in the PN 

junction diodes static I-V (current-voltage) characteristics. Rectification is shown by an asymmetrical 

current flow when the polarity of bias voltage is altered as shown below. 

I.8. Voltage- Current characteristic of Diode  

I.8.1. Characteristic for Forward Bias 

When a forward-bias voltage is applied across a diode, there is forward current; designated 

by IF. Figure I.14 illustrates what happens as the forward-bias voltage is increased positively from 

zero volt. 

 

Figure I.14 Forward-bias measurements show general changes in forward voltage and forward 

current as bias voltage is increased. 

With 0 V across the diode, IF =0 mA. As VBIAS increases, IF and the voltage across the diode 

(VF) increases. A portion of VBIAS is dropped across the limiting resistor.  
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When VBIAS is increased to a value where VF reaches approximately 0.7 V (barrier potential), 

IF begins to increase rapidly. As VBIAS continues to increase, IF also increases very rapidly, but 

VF increases only gradually above 0.7 V.  

This small increase in VF is due to the voltage drop across the internal resistance of the 

semiconductive material. In Figure I.15, VF increases to the right along the horizontal axis, and 

IF increases upward along the vertical axis. IF increases very little until the forward voltage across the 

PN junction reaches approximately 0.7 V at the knee of the curve. After this point, the forward voltage 

remains nearly constant at approximately 0.7 V, but IF increases rapidly.  

As previously mentioned, there is a slight increase in VF above 0.7 V. Point A corresponds to a 

zero-bias condition. Point B is when VF is less than the barrier potential of 0.7 V. Point C is when 

VF is approximately equal to the barrier potential. As VBIAS and IF continue to increase above the knee, 

VF will increase slightly above 0.7 V. In reality, VF can be as much as approximately 1-V, depending 

on the forward current. 

 

 

Figure I.15 Relationship of voltage and current in a forward-biased diode. 

I.8.2. Characteristic for Reverse Bias 

When a reverse-bias voltage is applied across a diode, there is only an extremely small reverse 

current (IR) through the PN junction. With 0 V across the diode, IR  = 0 µA .As you gradually increase 

the reverse-bias voltage, there is a very small IR and the voltage across the diode increases. When the 

applied bias voltage increases to a value where the reverse voltage across the diode (VR) reaches the 

breakdown value (VBR), IR begins to increase rapidly.  

As the bias voltage continues to increase, IR also increases very rapidly, but the diode voltage 

increases very little above VBR. Graphing the I-V Curve, VR increases to the left along the horizontal 

axis, and IR increases downward along the vertical axis (Figure I.16). There is very little IR (usually ) 

until VR reaches approximately VBR at the knee of the curve. After this point, VR remains at 

approximately VBR, but IR increases very rapidly, resulting in overheating and possible damage if the 
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current is not limited to a safe level. VBR depends on the doping level, which the manufacturer sets, 

depending on the type of diode.  

A typical rectifier diode has a breakdown voltage of greater than 50 V. Some specialized diodes 

have a breakdown voltage that is only 5 V. 

 

Figure I.16 I-V characteristic curve for a reverse-biased diode. 

I.8.3. Complete I-V Characteristic Curve 

Combine the curves for both forward bias and reverse bias, and you have the complete I-

V characteristic curve for a diode. The current-voltage relationship in any component, especially a 

diode, is a crucial indicator. It shows how the current changes with the voltage across the device when 

the voltage is in the right direction for the current to flow (Figure I.17).  

 

Figure I.17 Complete I-V characteristic curve for a diode. 

The remarkably different voltage-current behaviors in these two polarities enable unique 

applications for the p-n junction diode. In the subsequent section, this differing diode behavior will be 

related to real-world applications. The p-n junction diode can permit current to flow unimpeded forward 

and present a large resistance in reverse. In other words, it unambiguously supports the movement of 

charge in one direction while blocking it in the other. This unidirectional action, inspired by the I-V 
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behavior, is why diodes are often called semiconductors with a “built-in gate.”, With a small forward 

bias, the diode current increases almost unchecked as the forward voltage is increased. Just a little 

applied forward voltage is adequate to produce a significant increase in current flow through the diode. 

In reverse bias, the diode maintains a large resistance, presenting a formidable obstacle to the passage 

of any reverse current, small or large. Given this unidirectional behavior, the p-n junction diode 

sometimes serves to protect electric circuits by providing a path for “unwanted” current that is applied 

in a way as to present high impedance for desirable forward currents. A diode that serves this way is 

called a “protection diode.” Since diodes, effectively block or enable flow in one direction or the other, 

the action of the diode in a circuit is greatly influenced by the polarity and strength of the applied 

voltage. The application of a forward voltage to overcome the p-n junction potential results in the rapid 

increase of diode current with increasing voltage, given by the Shockley diode equation: 

I = IS ( e
Vth − 1 ) 

When the diode terminal is biased with a reverse voltage, the Shockley equation yields an 

immeasurably small reverse current. The characteristic curves of a p-n junction diode enable a closer 

look at the performance of the diode under both forward and reverse bias. In forward bias, the diode 

current increases to large values at modest forward voltages. Reverse bias results in a smaller knee 

current and a markedly reduced reverse current at less negative bias. The exponential behavior is a 

result of the reversible processes of thermionic emission and recombination in the diode, and gives 

important insights into its operation in signal and circuit design. In fact,  for a forward-biased diode, 

as the temperature is increased, IF increases for a given value of VF. Conversely, for a given value of 

IF, VF decreases. Whereas, a reverse-biased diode, as temperature increases, IR increases. 

I.9. Diode Models 

I.9.1. Ideal Diode Model 

The ideal diode model is the simplest representation of a diode. According to the ideal diode 

model, a diode is an electronic device that operates as a perfect conductor when it is in forward bias 

and as a perfect insulator when it is in reverse bias. The three most important properties of a perfect 

conductor are:  zero resistance, zero voltage drop, infinite current handling capability. And the three 

most important properties of a perfect insulator are: maximum resistance, infinite voltage drop (or zero 

current), zero current handling capability. Based on this, the ideal diode model is characterized by: zero 
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forward resistance, zero forward drop in potential across its terminals, zero forward voltage, maximum 

reverse resistance, minimum reverse leakage current (Figure I.18).  

 

Figure I.18  (a)The ideal diode  and (b) the real diode. 

The diode is assumed to be an ideal electronic device for a number of reasons. The primary reason 

is that this simplified model is used for circuit analysis as well as for design purposes, as this helps to 

predict and understand output by gross approximations and changes due to large variations in 

parameters like temperature. Second, we are mainly interested in the forward bias condition of a PN 

junction diode; hence, we will be using this ideal diode model with respect to forward bias only. Here, 

it is notable that a real-world diode may not meet all of the above assumptions exactly in practice. It 

can act as a near ideal only under the following conditions. Unless you see any major deviations from 

the desired ideal behavior, you may assume these ideal characteristics of the diode in the circuits. The 

least accurate approximation; can be represented by a simple switch, forward-biased: diode acts like 

a closed (ON) switch; reverse-biased: diode acts like an open (OFF) switch, as shown in Figure I.18. 

Although the barrier potential, the forward dynamic resistance, and the reverse current are all 

neglected, this model is adequate for most troubleshooting to determine if the diode is working 

properly. The diode is assumed to have a zero voltage across it when forward-biased: VF=0 V.  

The forward current is determined by the bias voltage and the resistor R using Ohm’s law. 

�� � ����� �⁄  

Since the reverse current is neglected, its value is assumed zero: IR = 0 A. 

 The reverse voltage equals the bias voltage: VR = VBIAS. 
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I.9.2. Practical Diode Model  

In Forward-biased, diode is equivalent to a closed switch in series with a small equivalent 

voltage source (VF) equal to the barrier potential (0.7 V) with the positive side toward the anode. 

When conducting, a voltage drop of 0.7 V appears across the diode. 

In Reverse-biased, diode is equivalent to an open switch just as in the ideal model. The barrier 

potential does not affect reverse bias. Since the barrier potential is included and the dynamic resistance 

is neglected, the diode is assumed to have a voltage across it when forward-biased: VF = 0.7 V. 

The forward current is determined by first applying Kirchhoff’s voltage law to Figure I.19 : 

�� � ������ � ��� �⁄  

 

 

Figure I.19 The practical model of a diode. 

The diode is assumed to have zero reverse current: IR = 0 A, VR = VBIAS. The practical model is 

useful when troubleshooting in lower-voltage circuits. In these cases, the 0.7 V drop across the diode 

may be significant and should be taken into account. 

I.9.3. Complete Diode Model 

The most accurate approximation; includes the barrier potential, small forward dynamic 

resistance (r'd) and large internal reverse resistance (r'R). In Forward-biased: diode acts as a closed 

switch in series with the equivalent barrier potential voltage (VB) and r'd. In Reverse-biased: diode 

acts as an open switch in parallel with r'R . The barrier potential does not affect reverse bias (Figure 

I.20). 



Chapter I   Diodes Electronic Components

    

 

WÜA TÅxÄ ZtvxÅ  2024 - 2025      30 

The diode is assumed to have a voltage across it when forward-biased. This voltage (VF) consists 

of VB plus the small voltage drop across the dynamic resistance. The voltage drop due to dynamic 

resistance increases as the current increases. For the complete model of a silicon diode, the following 

formulas apply: 

�� � 0.7 � � ����
�  

�� � ������ � 0.7�� �� � �′�⁄ � 

 

Figure I.20 The complete model of a diode 

I.10. Types of Diodes 

The standard PN junction diode, although the focus of design and analysis for much of the 

previous content, is not the only kind of diode used in modern electronic systems. Specialized diode 

technologies have been developed to fit into specific applications. This section will explore these 

specialized types of diodes, what makes them unique, and when they are used.  

I.10.1. Light Emitting Diodes (LEDs) 

Light Emitting Diodes are a special class of diodes that can produce visible light while passing 

electric current. The phenomenon by which LEDs work is called electroluminescence, which produces 

light in semiconductors. In detail, when charge carriers move between different energy bands in 

semiconductors and a radiative combination of one electron-hole pair happens, resulting in the emission 

of the photon. Generally, the energy bands of silicon and germanium are not sufficient to excite light 

because of their bandgap. The exact choice of the semiconductor material used will determine the 

overall wavelength of the photon light emissions and therefore the resulting colour of the light emitted. 
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The LED symbol is the standard symbol for a diode, with the addition of two small arrows denoting 

the emission of light (Figure I.21). 

 

Figure I.21 The LED symbol. 

Thus, the actual color of a light emitting diode is determined by the wavelength of the light 

emitted, which in turn is determined by the actual semiconductor compound used in forming the PN 

junction during manufacture and not by the coloring of the LEDs plastic body although these are 

slightly colored to both enhance the light and indicate its color when its not be used. Light emitting 

diodes are available in a wide range of colors with the most common being Red, Amber,  Yellow and 

Green and are thus widely used as visual indicators and as moving light displays.  

The color of an LED is determined by the material used in the semiconducting element. The two 

primary materials used in LEDs are aluminum gallium indium phosphide alloys and indium gallium 

nitride alloys. Aluminum alloys are used to obtain red, orange and yellow light, and indium alloys are 

used to get green, blue and white light.  

Slight changes in the composition of these alloys change the color of the emitted light. When the 

diode is forward biased, the minority electrons are sent from p → n while the minority holes are sent 

from n → p. At the junction boundary, the concentration of minority carriers increases. The excess 

minority carriers at the junction recombine with the majority charges carriers.  

The energy is released in the form of photons on recombination. In standard diodes, the energy 

is released in the form of heat. But in light-emitting diodes, the energy is released in the form of 

photons. We call this phenomenon electroluminescence.  

Electroluminescence is an optical phenomenon, and electrical phenomenon where a material 

emits light in response to an electric current passed through it.  

As the forward voltage increases, the intensity of the light increases and reaches a maximum 

(Figure I.22). 
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Figure I.22 Principle work of LED. 

Like conventional PN junction diodes, LEDs are current-dependent devices with its forward 

voltage drop VF, depending on the semiconductor compound (its light colour) and on the forward biased 

LED current. The point where conduction begins and light is produced is about 1.2V for a standard red 

LED to about 3.6V for a blue LED. The exact voltage drop will of course depend on the manufacturer 

because of the different dopant materials and wavelengths used. The voltage drop across the LED at a 

particular current value, for example 20mA, will also depend on the initial conduction VF point. As an 

LED is effectively a diode, its forward current to voltage characteristics curves can be plotted for each 

diode colour as shown below(Figure I. 23).  

Before a light emitting diode can "emit" any form of light it needs a current to flow through it, as 

it is a current dependant device with their light output intensity being directly proportional to the 

forward current flowing through the LED. As the LED is to be connected in a forward bias condition 

across a power supply it should be current limited using a series resistor to protect it from excessive 

current flow.  

Never connect an LED directly to a battery or power supply as it will be destroyed almost 

instantly because too much current will pass through and burn it out. From the table I.2  above we can 

see that each LED has its own forward voltage drop across the PN junction and this parameter which 

is determined by the semiconductor material used, is the forward voltage drop for a specified amount 

of forward conduction current, typically for a forward current of 20mA. In most cases LEDs are 

operated from a low voltage DC supply, with a series resistor, RS used to limit the forward current to a 
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safe value from say 5mA for a simple LED indicator to 30mA or more where a high brightness light 

output is needed. 

 

 

Figure I.23 Schematic symbol of LED and it I-V Characteristics. 

Table I.2 Characteristics of Light emitting diodes. 
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LEDs find applications in various fields, including optical communication, alarm and security 

systems, remote-controlled operations, robotics, etc. It finds usage in many areas because of its long-

lasting capability, low power requirements, swift response time, and fast switching capabilities. 

Below are a few standards LED uses in: back-lighting, displays, Automotive and the dimming of 

lights. 

I.10.2. Zener Diodes 

Zener diode is a silicon PN junction device that allows current to flow not only in the forward 

direction, but also in the reverse direction if the voltage is greater than the breakdown voltage known 

as the Zener knee voltage/Zener voltage. Zener diodes are unique in the sense that they can conduct 

current in the reverse direction when a specific voltage has been applied.  

Once a forward threshold has been surpassed, they regulate the voltage, and thus they are a type 

of voltage regulator used in numerous electronic circuits. 

The most common use for Zener diodes is within simple voltage regulation functions such as 

shunt regulators and protection devices, though there are numerous other applications for this type of 

diode. Zener diodes come in various packaging options, depending on their power dissipation 

requirements. Some are designed for high-power applications, while others are available in surface 

mount formats. The most commonly used Zener diode is packaged in a small glass enclosure, with a 

distinctive band indicating the cathode side of the diode (Figure I.24). 

 

Figure I. 24 Zener diode symbol. 

Zener diode is a device which works in the Zener breakdown region. When these diodes are 

forward-biased, they act like a p-n junction diode. 

These diodes have a very thin depletion region as they are heavily doped, allowing more electric 

current than regular p-n junction diodes. The I-V characteristic of Zener diode is given in Figure I. 25. 
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Figure I. 25 Zener Diode I-V Characteristics. 

The Zener Diode is used in its "reverse bias" or reverse breakdown mode, i.e. the diodes anode 

connects to the negative supply. From the I-V characteristics curve above, we can see that the zener 

diode has a region in its reverse bias characteristics of almost a constant negative voltage regardless of 

the value of the current flowing through the diode and remains nearly constant even with large changes 

in current as long as the Zener diodes current remains between the breakdown current IZ(min) and the 

maximum current rating IZ(max). This ability to control itself can be used to great effect to regulate or 

stabilise a voltage source against supply or load variations. The fact that the voltage across the diode 

in the breakdown region is almost constant turns out to be an important application of the zener diode 

as a voltage regulator. The function of a regulator is to provide a constant output voltage to a load 

connected in parallel with it in spite of the ripples in the supply voltage or the variation in the load 

current and the Zener diode will continue to regulate the voltage until the diodes current falls below the 

minimum IZ(min) value in the reverse breakdown region. 

Zener diodes are designed to operate in the breakdown region. it operating in breakdown acts as a 

voltage regulator because it maintains a nearly constant voltage, which is equal to the Zener voltage, 

across its terminals over a specified range of reverse-current values (Figure I. 26). 



Chapter I   Diodes Electronic Components

    

 

WÜA TÅxÄ ZtvxÅ  2024 - 2025      36 

 

Figure I. 26 Zener diode operating in the breakdown region. 

The first quadrant in the graph represents the forward characteristics of a Zener diode. From the 

graph, we understand that it is almost identical to the forward characteristics of PN junction diode. 

When a reverse voltage is applied to a Zener voltage, a small reverse saturation current Io flows across 

the diode. This current is due to thermally generated minority carriers. As the reverse voltage increases, 

at a certain value of reverse voltage, the reverse current increases drastically and sharply. This is an 

indication that the breakdown has occurred. We call this voltage breakdown voltage or Zener voltage, 

and Vz denotes it. Zener diodes are specially designed to work in the reverse breakdown region and 

exhibit the unique characteristic of maintaining a reverse voltage across the diode at a constant level 

even as the current through the diode can vary. Because of this, Zener diodes are incorporated into 

voltage level-shifting circuits that prevent capacitor digitalization at undesired voltage levels. An 

additional characteristic of Zener diodes is their high energy efficiency. In comparison to standard 

rectifier and light-emitting diodes that require a specific voltage to turn on, Zener diodes only conduct 

a small amount of current when this 'Zener' voltage is reached. Although the exact value of the Zener 

voltage for the Zener diode depends on its manufacture and its material composition, most off-shelf 

Zener diodes are available in the range of 3V to 30V. In circuit designs making use of cascaded Zener 

diodes with differing values, the designer can obtain a summed Zener voltage greater than 30V. 

The Ziner diode can be used to produce a stabilised voltage output with low ripple under varying 

load current conditions. By passing a small current through the diode from a voltage source, via a 

suitable current limiting resistor (RS), the Zener diode will conduct sufficient current to maintain a 

voltage drop of Vout.  

We remember from the previous tutorials that the DC output voltage from the half or full-wave 

rectifiers contains ripple superimposed onto the DC voltage and that as the load value changes so to 

does the average output voltage. By connecting a simple Zener stabiliser circuit as shown below across 

the output of the rectifier, a more stable output voltage can be produced (Figure I. 27) . 
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Figure I. 27 Zener Diode Regulator. 

The resistor, RS is connected in series with the Zener diode to limit the current flow through the 

diode with the voltage source, VS being connected across the combination. The stabilised output 

voltage Vout is taken from across the Zener diode.  

The Zener diode is connected with its cathode terminal connected to the positive rail of the DC 

supply so it is reverse biased and will be operating in its breakdown condition. Resistor RS is selected 

so to limit the maximum current flowing in the circuit. 

 Example  

A 5 V stabilised power supply is required to be produced from a 12V DC power supply input 

source. The maximum power rating PZ of Zener diode is 2W. Using the Zener regulator circuit above 

calculate: 

a) The maximum current flowing through the Zener diode: 

�!"# � P/V � �

'
 � 0.4 ) 

b) The minimum value of the series resistor: 

�� �
�� � �*

�*
�

12 � 5
0.4

� 17.5 Ω 

 c) The load current IL if a load resistor of 1kΩ is connected across the Zener diode: 
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�/ �
�*

�/
�

5
1000

� 5 0) 

d) The total supply current IS at full load : 

�� � �* � �/ � 400 � 5 � 405 0) 

Following are the applications of Zener diode:  

•  The Zener diode is used as a Shunt voltage regulator for regulating voltage across small loads. The 

Zener diode is connected parallel to the load to make it reverse bias, and once the Zener diode 

exceeds knee voltage, the voltage across the load will become constant. The breakdown voltage of 

Zener diodes will be constant for a wide range of currents. 

•  The Zener diode in over-voltage protection, When the input voltage is higher than the Zener 

breakage voltage, the voltage across the resistor drops resulting in a short circuit, this can be avoided 

by using the Zener diode. 

•  Zener diode is used for modifying AC waveform clipping circuits by limiting the parts of either one 

or both the half cycles of an AC waveform. 

I.10.3. Schottky Diodes 

The characteristic features of Schottky diodes are lower forward voltage drop, about 0.3 volts 

less than the normal p-n junction diode, and faster switching speed, which is useful in various high-

frequency applications. Schottky diodes, in some cases, are also used to replace normal diodes. 

However, Schottky diodes also have some disadvantages. They have a higher reverse leakage current 

when compared to normal diodes and are also less rugged. The Schottky diode is formed by a direct 

metal-semiconductor contact. When the metal-like tungsten, molybdenum, or platinum is placed in 

electrical contact with a moderately doped layer of semiconductor-like n-type silicon, the resulting 

metal-semiconductor contact is called Schottky contact. The Schottky diode is a unipolar device. It has 

only majority carriers called hot electrons. It switches off quickly because of the low minority carrier 

concentration. The contact between the silicon region and a noble metal such as silver, gold, aluminium, 

platinum, or molybdenum is called a Schottky contact. The contact is such that current flows 

unencumbered in only one direction when forward biased. While forming the metal-semiconductor 

junction, the magnitude of the forward voltage required is generally less than for similar p-n diode 

current ratings. The characteristics shown by the Schottky barrier diodes are basically different from 
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those of p-n junction diodes. When negligible stored charge is produced in forward-biasing after the 

junction converts from conducting to off state, the Schottky barrier diode exhibits fast switching 

characteristics. Compared to p-n junction diodes, the Schottky barrier has a higher current rating. 

Figure I. 28 illustrates the simplified construction and symbol of a Schottky diode in which a 

lightly doped n-type silicon semiconductor is joined with a metal electrode to produce what is called a 

"metal-semiconductor junction". The width, and therefore the electrical characteristics, of this metal-

semiconductor junction will depend greatly on the type of metal compound and semiconductor material 

used in its construction, but when forward-biased, electrons move from the n-type material to the metal 

electrode allowing current to flow. Thus current through the Schottky diode is the result of the drift of 

majority carriers. Since there is no p-type semiconductor material and therefore no minority carriers 

(holes), when reverse biased, the diodes conduction stops very quickly and changes to blocking current 

flow, as for a conventional PN junction diode. Thus for a Schottky diode there is a very rapid response 

to changes in bias and demonstrating the characteristics of a rectifying diode. The operation relies on 

the principle that the electrons in different materials have different potential energy. N-type 

semiconductors have higher potential energy than electrons of metals. When these two are brought into 

contact, there is a flow of electrons in both directions across the metal-semiconductor interface. A 

voltage is applied to the Schottky so that the metal is positive when compared to the semiconductor. 

The voltage opposes the built-in potential and makes the current flow easy. 

 

Figure I. 28 Schottky diode construction and symbol. 

 The I-V characteristics of Schottky diodes are very much similar to the PN junction diode. 

Current is the dependent variable while voltage is the independent variable in the Schottky diode. The 

forward voltage drop of the Schottky diode is low between 0.2 to 0.3 volts (Figure I.29) . 
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Figure I. 29 Schottky diode I-Vcharacteristics. 

As we can see, the general shape of the metal-semiconductor Schottky diode I-V characteristics 

is very similar to that of a standard PN junction diode, except the corner or knee voltage at which the 

PN junction diode starts to conduct is much lower at around 0.4 volts.  

This lower power loss makes the Schottky diode a good choice in low-voltage and high-current 

applications such as solar photovoltaic panels where the forward-voltage, VF drop across a standard 

PN junction diode would produce an excessive heating effect. However, it must be noted that the 

reverse leakage current, IR for a Schottky diode is generally much larger than for a PN junction diode. 

Note however that if the I-V characteristics curve shows a more linear non-rectifying characteristic, 

then it is an Ohmic contact. Ohmic contacts are commonly used to connect semiconductor wafers and 

chips with external connecting pins or circuitry of a system. For example, connecting the semiconductor 

wafer of a typical logic gate to the pins of its plastic dual-in-line (DIL) package. 

Due to this lower value, the forward current of a silicon Schottky diode can be many times larger 

than that of a typical PN junction diode, depending on the metal electrode used. Remember that Ohms 

law tells us that power equals volts times amps, (P = V I) so a smaller forward voltage drop for a given 

diode current, ID will produce lower forward power dissipation in the form of heat across the junction. 

This lower power loss makes the Schottky diode a good choice in low-voltage and high-current 

applications such as solar photovoltaic panels where the forward-voltage, VF drop across a standard 

PN junction diode would produce an excessive heating effect. However, the I-V characteristics curve 

shows a more linear non-rectifying characteristic, then it is an Ohmic contact. Ohmic contacts are 

commonly used to connect semiconductor wafers and chips with external connecting pins or circuitry 

of a system. For example, connecting the semiconductor wafer of a typical logic gate to the pins of its 

plastic dual-in-line (DIL) package. 
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Schottky diodes have been useful for the industry of electronics that has spotted many 

applications in diode rectifiers because of its unique properties. Here are some major areas where it is 

widely used. Following are the applications of Schottky diode:  

•  RF mixer and detector diode: The Schottky diode consists of its radio frequency functions owing 

to its switching speed at the highest level and top frequency capability. The Schottky barrier diodes 

come handy for diode ring mixers with high performance. 

•  Power rectifier: The Schottky barrier diodes also have functions with high power as rectifiers. The 

high density of current and voltage drop with low forward shows that the wastage of power is 

lesser than the normal PN junction diodes. 

•  Power OR circuits: This diode would be useful for functions where two different power supplies 

drive a load like in battery supply. It is important that the power coming from supply should not 

mix with the others. 

•  Solar Cell Applications: As we know,  the solar cells are usually linked to the batteries that are 

rechargeable, mostly batteries with lead-acid since power supply must be necessary round the 

clock. Solar cells would not support the applied charge in reverse and thus, a diode would be used 

in a proportional pattern of the solar cells. 

I.10.4. Photodiodes 

Photodiodes are different from normal p-n junction diodes called photodiodes. They are specially 

designed to operate in the reverse breakdown region to respond to a large flux of light energy. 

Photodiodes operate like normal p-n junction diodes. When the terminal end of photodiodes, a lower 

level of applied reverse bias voltage than a normal p-n junction diode, the increase in reverse current 

starts as voltage is applied to the photodiode. It will cause the internal field to increase and create more 

electron-hole pairs (Figure I.30). 
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Figure I.30 Photodiode construction and symbol. 

When the photodiode is exposed to light, the temperature of the junction will increase. The 

electrons and holes will get separated from each other. The electrons in the n side will get attracted 

towards the positive terminal of the battery, and the holes in the p side will get attracted to the               

(-)  terminal of the battery.  

As a result, a high amount of reverse current gets generated through the junction. When the light 

intensity increases, more carriers are generated and flow through the photodiodes.  

Hence, a large current is produced. In the I-V characteristic graph of photodiodes, the x-axis 

represents the reverse applied voltage, and the y-axis represents the current that flows through the 

device on the application of reverse voltage (Figure I.31).  

As we have already discussed in the workings, a small reverse current will flow through the 

device, and this current is known as dark current (represented on the x-axis). When the junction is 

illuminated, the current will increase and become independent of the applied reverse voltage. Hence 

the carriers will flow only due to the radiation intensity with the increase in temperature, and the reverse 

bias condition will not play any role in this situation.  

There are three regions of operation for a photodiode: photoconductive, proportional, and 

saturation. These act and respond much as p-n junction diodes, causing photodiodes to exhibit similar 

properties.  

Photodiodes are graded from 1 MHz to GHz and are used extensively in communication systems, 

in applications related to race, industry, and medicine. The I-V (Voltage-Current) characteristics of a 

photodiode provide valuable insights into how the device behaves under different conditions of light 

and biasing . A photodiode’s performance is influenced by the intensity of light, the applied voltage, 

and the inherent properties of its semiconductor material.  

A photodiode typically operates in reverse bias mode, where a reverse voltage is applied across 

the p-n junction. The current through the photodiode, known as photocurrent, is a function of the 

incident light intensity. In the absence of light, a small reverse current known as dark current flows 

through the diode due to the thermal generation of charge carriers.  

When light falls on the depletion region, the photodiode generates electron-hole pairs, which lead 

to a noticeable increase in current.  
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Figure I. 31 Photodiode IV characteristics. 

Photodiodes are widely used in applications where light detection or measurement is crucial. 

Common applications include: 

•  Optical Communication: To convert light signals into electrical signals in fiber optic networks. 

•  Light Meters: Used in cameras and environmental sensors to measure light intensity. 

•  Solar Cells: Large photodiodes are used in solar panels to convert light into electrical energy. 

•  Smoke Detectors: To detect smoke particles by measuring light absorption. 

•  Medical Devices: Used in pulse oximeters and medical imaging devices to monitor light absorption. 

I.11. Applications of Diodes in Electronic Circuits 

I.11.1. Rectification Circuits 

Rectification circuits play an extremely important role in the realm of electronics. As our home 

electrical appliances are now required to run on direct current (DC), rectifiers are used to convert 

alternating current (AC) into DC. DC is a steady-state energy source the direction of which remains the 

same, but an AC energy source reverses the direction of the flow of electricity many times per second. 

Thus, rectifiers are extensively used in the design of power supply circuits. In the charging system of a 

battery, for most power supplies, and for the host of domestic electronics, the use of rectifiers is 

inevitable. Different kinds of rectification methods are deployed for specific applications based on their 

performance. This text focuses on different kinds of rectification circuits that can be designed using 

diodes. There are two primary types of rectification: half-wave and full-wave rectification. Half-wave 

rectification is the simplest form of rectification. When a diode is integrated into the circuit, allowing 

the flow of current for the positive half-cycle and blocking the negative half-cycle, a single diode 

rectification circuit is designed. An output waveform is thus obtained, which resembles the shape of a 
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half-sinusoidal wave, and it is followed by a DC level. If a diode with a different or opposite orientation 

is integrated into the half-wave rectifier, then conversion of the negative half-cycle into positive is 

done, and a single diode works as a rectifier.  

The obtained waveform is a series of half sine waves. A half-wave rectifier can be configured to 

make the negative side of the waveform accessible. It disposes of the negative side but results in 

reduced output voltage as only one positive half-cycle of the input AC wave is transformed into DC. 

In a full-wave rectifier, the whole of the input AC waveform gets converted into direct current. These 

circuits are further wrapped by applying a couple of diodes and transformers. These are essentially of 

two types: the bridge rectifier and the center-tap full rectifier. 

I.11.2. Half wave rectifier  

Basic rectification is the process of allowing only one-half cycle waveform. It utilizes a diode as 

its basic component. The diodes allow the current to flow in one direction (forward biased) and stop it 

in the other direction (reverse biased). The name itself suggests that the half-wave rectifier conducts 

only during one half-cycle of the AC input voltage. The output voltage has the same waveform as the 

input voltage (magnitude is different).  

In practical applications, the half-wave rectifier has a wide variety of uses in low-power devices, 

such as in signal and event detection, medical devices, low-power motor controllers, numeric analyzers, 

emission headers, interference testing, signal detectors, and communication receivers.  

Low power, being highly simple in design, cost-effective, and highly reliable, plays a main part 

in these devices.  

It is possible to get output frequency in terms of half-wave, but due to the greater harmonic 

content, it is less than that of the full-wave rectifier. The significant limitations of the half-wave rectifier 

are the presence of high ripples in the output DC voltage, which greatly reduces the efficiency. When 

compared with the full-wave center-tapped rectifier, the half-wave application is significantly smaller. 

Let’s start with the circuit shown. We will analyze this circuit assuming that the diode is ideal. 

The input voltage Vin has the sinusoidal form shown on Figure I.32.  
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Figure I.32 (a) Diode circuit and (b) Sinusoidal signal Vin. 

We see that during the time when Vin>0 the diode is forward biased and so the voltage across 

this “ideal” diode is zero. This observation is also represented by the equivalent circuit shown on Figure 

I.33 (a), which clearly indicates that the output voltage Vo is equal to the input voltage Vin. Similarly 

during the time when Vin < 0, the diode is reverse biased and so the current flowing through the diode 

is zero, see equivalent circuit on Figure I.33 (b), and the output voltage is zero.  

 

Figure I.33 Equivalent circuits (a) Vin > 0  and (b)Vin  < 0 for ideal diode. 

 The total response of the circuit to the input signal Vin is shown on Figure I.34. Note that the 

presence of the diode alters the output signal in a profound way: it converts an AC (alternating current) 

input voltage, whose average value over time is zero, into an output voltage whose polarity does not 

change over time, and which has a non-zero average value. This type of voltage signal is called DC 

(direct current) since the direction of the current does not change over time. We have just taken the first 

step in the design of an AC to DC converter.  
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Figure I.34  Input signal (top) and equivalent rectified signal. 

The output signal Vo is a rectified signal of the input Vin and the circuit that generated this 

signal, Figure I.31(a) , is called Rectifier circuit. Furthermore, since it passes only half of the input 

signal it is called a Half Wave Rectifier Circuit. Let’s now again analyze the behavior of the rectifier 

circuit with the offset diode model. The circuit is shown on Figure I.35.  

 

Figure I.35  Half wave rectifier circuit.  

  

Application of Kirchhoff’s voltage law to the circuit of Figure I.35 gives: 

Vo =Vin−Vd 

The voltage transfer curve for this circuit is shown on Figure I.36 and it is derived from the I-V 

characteristic of the diode model and Kirchhoff’s voltage law.  
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Figure I.36 Voltage transfer characteristic of the rectifier circuit. 

 From the voltage transfer curve we observe the following:  

a) for Vin ≥ Vg      Vo = Vin � Vg 

b) for Vin < Vg       Vo � 0 (Open circuit).  

When the sinusoidal input voltage (Vin) goes positive, the diode is forward-biased and conducts 

current through the load resistor (Figure I.37). 

 

 

Figure I.37 During the positive alternation of Vin. 

The output voltage looks like the positive half of the input voltage. The current path is through 

the ground back to the source (Figure I.38).  

 

 

Figure I.38 During the negative alternation of Vin. 

 

Vin  

Vo 

 Vg 

slope=1 
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When the input voltage goes negative, the diode is reverse-biased. There is no current, so the 

voltage across the load resistor is 0 V. The net result is that only the positive half-cycles of the AC 

input voltage appear across the load. Since the output does not change polarity, it is a pulsating DC 

voltage with a (standard) frequency of 60 Hz. The average value of the half-wave rectified output 

voltage (Vin) is the value measured on a DC voltmeter. Mathematically, it is the area under the curve 

over a full cycle, divided by the number of radians in a full cycle: 

��12 �
�3

4
 

 

Where VO is the peak value of voltage. When the practical diode model is used with the barrier 

potential of 0.7 V, Vin must overcome the barrier potential before the diode becomes forward-biased. 

This results in a half-wave output with a peak value that is 0.7 V less than the peak value of the input. 

The expression for the peak output voltage is: 

VP(0) � VP(in) – 0.7 

The peak inverse voltage (PIV) is the peak value of the input voltage, and the diode must be 

capable of withstanding this amount of repetitive reverse voltage. 

PIV� VP(in) 

 

The PIV occurs at the peak of each half-cycle of the input voltage when the diode is reverse-

biased. A diode should be rated at least 20% higher than the PIV. 

I.11.3. Full wave rectifier  

Rectifiers are used extensively in the conversion of AC signals to DC. In such a circuit the half 

wave rectifier is not efficient since it "wastes" half of the signal. A circuit that overcomes this problem 

is the full wave rectifier which uses four diodes as shown on Figure I.39. The diodes are arranged in a 

bridge configuration. The output voltage is taken across the resistor R.  
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Figure I.39 Full wave rectifier circuit. 

  

First let’s consider the response of this circuit using the ideal diode model. We will apply a 

sinusoidal input signal and detect the output. Let’s consider the example with the sinusoidal input signal 

Vin shown on Figure I.40.  In order to understand the behavior of this circuit we will look at the 

direction of current flow during the positive and the negative swing of the input voltage.  

 

  

Figure I.40  Input signal to a full wave rectifier. 

  

When Vin is positive, diodes D1 and D4 are forward biased and diodes D2 and D3 are reverse 

biased and the direction of the current is shown on Figure I.41 (a). During the negative part of the cycle, 

diodes D2 and D3 are forward biased and diodes D1 and D4 are reverse biased and the current flow is 

indicated on Figure I.41 (b). 

 Note that the current through the resistor R is in the same direction during the entire cycle. This 

is the basis for the behavior of the full wave rectifier circuit.  
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Figure I.41  the full wave rectifier circuit (a) Vin is positive and (b) During the negative part. 

A full-wave rectifier allows unidirectional (one-way) current through the load during the entire 

input cycle. The result of full-wave rectification is an output voltage V0 with a frequency twice the 

input frequency and that pulsates every half-cycle of the input Vin (Figure I.42). 

 

  

Figure I.42 Output signal of a full wave rectifier with ideal diodes.  

Now let’s consider the more realistic scenario represented by the full diode model. In this case 

the direction of the current during the positive and the negative cycle is the same as before (Figure 

I.43).  

 

Figure I.43 Direction of current in the full wave rectifier during : 
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(a)  the positive cycle of Vin and (b)  during the negative cycle of Vin. 

  

The difference in the response becomes apparent by considering the circuit equivalent of the 

offset model of the diode as shown on Figure I.44  for the positive and negative portions of the input 

signal Vin. From Kirchhoff’s voltage law we see that :   

  Vo �Vin� 2Vg    

 

Figure I.44  Equivalent model of the full wave rectifier during (a)  the positive and (b)  negative 

portions of the cycle.  

The resulting output is rectified during the positive and the negative cycle of the signal Vin and it 

has the form shown on Figure I.45 for a silicon diode characterized by Vg = 0.7 Volts. For Vin that have 

a small amplitude (not much greater than the offset voltage Vg) the rectified signal may only be a small 

fraction of the input signal. Later in the term we will improve this circuit by designing a "super diode" 

which will have Vg=0 and thus the rectified signal will resemble the one obtained by the ideal diode 

model. 

For obtaining the operating point,  the current Id, when Vin ≥ Vg, is : 

  

 �� � 167819

:
   �� �This is the load line equation for this circuit� 

 Id = Is(KVd /Vt -1) → (the I-V characteristic curve) 

The intersection of the load line and the I-V characteristic curve for the device is the operating 

point for the diode. This operating point is also called the quiescent point or Q-point and it gives the 

value of the current through the diode and the voltage across the diode.  For R = 100 Ω, and Vin = 2V, 

the load line and resulting operating point is shown on Figure I.46.  
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Figure I.45 Input and output signals for the full wave rectifier.  

 

  

Figure I.46 Load line and operating point of diode in a rectifying circuit.  

A full-wave rectifier allows unidirectional (one-way) current through the load during the entire 

input cycle. The result of full-wave rectification is an output voltage with a frequency twice the input 

frequency and that pulsates every half-cycle of the input (Figure I.47). The number of positive 

alternations that make up the full-wave rectified voltage is twice that of the half-wave voltage for the 

same time interval. VAVG for a full-wave rectified sinusoidal voltage is twice that of the half-wave: 

  

��12 �
�3

4
 

Where, VAVG is approximately 63.7% of Vp for a full-wave rectified voltage. 
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Figure I.47 Full-wave rectification. 

A center-tapped rectifier is a type of full-wave rectifier that uses two diodes connected to the 

secondary of a center-tapped transformer. During positive half-cycles, D1 is forward-biased and D2 is 

reverse-biased. The current path is through D1 and the load resistor RL. During negative half-cycles, 

D2 is forward-biased and D1 is reverse-biased. The current path is through D2 and RL.. Because the 

output current during both the positive and negative portions of the input cycle is in the same direction 

through the load, the output voltage developed across the load resistor is a full-wave rectified DC 

voltage. The output voltage of a center-tapped full-wave rectifier is always one-half of the total 

secondary voltage less the diode drop. 

�L �
��MN

2
� 0.7 

•  The Peak Inverse Voltage (PIV) is given by : 

PIV� VP�O� � 0.7 

I.11.4. Bridge Full-Wave Rectifier 

Many electronic circuits require a rectified DC power supply to power various electronic basic 

components from the available AC mains supply. Rectifiers are used to convert an AC power to a DC 

power. Among the rectifiers, the bridge rectifier is the most efficient rectifier circuit. We can define 

bridge rectifiers as a type of full-wave rectifier that uses four or more diodes in a bridge circuit 

configuration to efficiently convert alternating (AC) current to a direct (DC) current. In the next few 

sections, let us learn more about its construction, working, and more. The construction of a bridge 

rectifier is shown in the figure below. The bridge rectifier circuit is made of four diodes  D1, D2, D3, 

D4, and a load resistor RL. The four diodes are connected in a closed-loop configuration to efficiently 

convert the alternating current (AC) into Direct Current (DC). The main advantage of this configuration 

is the absence of the expensive centre-tapped transformer. Therefore, the size and cost are reduced. The 

bridge rectifier uses four diodes connected as shown in Figure I.48. 
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Figure I.48 A bridge rectifier circuit. 

 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 (Figure 

I.49 (a)). 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 (Figure I.49 (b)).  

 

 

Figure I.49 (a) positive half cycle and (b) negative half cycle of the supply. 

Two diodes are always in series with the load resistor during both the positive and negative half-

cycles. Taking diode drops into account, the output voltage is : 

VP(0) � VP(SEC) – 1.4 

 Since the output voltage is ideally equal to the secondary voltage : 

PIV �VP(O) 
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If the diode drops of the forward-biased diodes are included, the peak inverse voltage across 

each reverse-biased diode in terms of Vp(o) is: 

PIV �VP(O) � 0.7 

If the diode drop is neglected, the bridge rectifier requires diodes with half the PIV rating of 

those in a center-tapped rectifier for the same output voltage. 

•  Example 

 

a) Determine the peak output voltage 

Vp(o), Vp(RL) and VAVG for the bridge 

rectifier in Figure I.50. 

b) What is the minimum PIV rating 

required for the diodes? VP(RL). 

 

Figure I. 50 Full-Wave Bridge Rectifier. 

•  Solution  

a) Vp(o)  = Vp(sec) =  nVp(in)  = (1) 25 V = 25 V  

Vp(RL)  = Vp(o) – 2 (VB ) = 23.6 V  

�  = 2�Q(�R) 4  = (47.2) (3.14) = 15 �    

b) PIV = Vp(sec) = Vp(o) =  25 V 

I.12. Recent Advances and Future Trends in Diode Technology 

The recent technological advances for diodes have generally been on the same lines as those of 

the other semiconductor components, i.e., smaller size, lower cost, and greater facilities. Chiefly as a 

result of improved methods of production, diodes are now obtainable in a wider range of types and 

ratings than previously. As well as being made more cheaply, the improved equipment and greater 

experience of the semiconductor industry have generally resulted in increased reliability. Experiments 

are known to have been undertaken to determine the feasibility of using diodes as active elements in 
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large and very high power applications, an early and fairly obvious field for the application of 

semiconductor power devices. Devices having working voltage ratings in the region of about 3 kV have 

been produced and are readily available. Such diodes generally consist of several parallel connected 

units encapsulated in a single package providing series connections between electrodes and function 

solely or predominantly in the reverse resistive mode. 

The advantages of a widely used voltage rating standard may be lost as technology advances. A 

case in point is the voltage doubling capability of many diodes used in low voltage threshold level 

shifting and high-speed modulation circuits. For a long time, drive circuit designers, taught the intrinsic 

and parasitic capacitances of such diodes, have kept the input risetime and dynamic distortion cost of 

diode switching to a minimum. However, the processes by which power MOSFETs are approaching 

on-state design limits and the recent appearance of sub-100 V catalytic PN junctions will enable diode 

equipped, GaAs MESFET terrace drivers to challenge conventional wisdom in high-speed, low 

threshold, low voltage switcher design. The concurrent development of silica-clad photonic integrated 

circuits has positioned external cavity diode lasers to be widely deployed across multiple device 

platforms and to share the control and monitor costs associated with technology. A restated diode laser 

success will increase the capital, process simplification, and rapid testing advantage of a direct bandgap, 

photon-controlled device technology. 

I.12.1. Nanotechnology in Diodes 

Nanotechnology contributes effective advances for the production of nanodiodes that bring 

important advantages when compared to other devices that only make use of the emission of electrons, 

as is the case of the photovoltaic cell, which loses much energy when electrons are pulled from the 

absorbent material and those that absorb much more energy than necessary and those that remain loose. 

Such diodes are produced by depositing nanoscopic debris on the surface of the semiconductor material 

and using the same laser effect of the major damages caused by electric impulse to return the free 

electrons to their source. It is a simple device and, with the inevitable industrialization process, it will 

even surpass photovoltaic cells in the issue of energy usage efficiency. These are the initial dispositions 

that must take the layers and the debris that will be used, at the time of their deposit, on the surface of 

the semiconductor, in relation to the direction of incidence of the light. Small blocks can be used, which 

can be cubes, octahedra, or other geometric figures. The principle of operation is based on an increase 

in the spatial occupation of the displacement of free electron species in the interior nano-surface 

structure, which is immediately below the surface of the gap in the semiconductor, causing potential 

mechanical deformations with the appearance of elastic deformations and electronic excitation. In 
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certain conditions of increasing the ability to relax these structures, free charges can be organized to 

form electric and/or electronic dipoles. These dipoles become associated with self-associative vibratory 

movements of the original ions in a vacuum, beyond the production of zwitterionic polar structures. 

The resulting structures are characterized because they appear as non-linear electronic conductors 

accompanied by non-ohmic freedom, similar to those of junctions formed by the junction of metallic 

conductors with semiconductors. 

I.12.2. Emerging Diode Technologies 

We have looked at various types of diodes, which are defined as electronic devices with two 

electrodes or connections. Most standard diodes are made of semiconductor materials, such as silicon, 

and may either be inorganic silicon diodes, organic diodes, polymer or molecular diodes, multi-layer 

or zinc oxide diodes, and so on in a variety of forms. We also find that the performance of diodes is 

typically characterized by the relationship between current and voltage when the diode is in forward or 

reverse bias. Initially, the current-voltage characteristics of most of the diodes would not be 

pronounced, but it would change dramatically as the diodes were in use. One of the emerging diode 

technologies that is seeing increasing application is that of organic diodes. Also known as plastic 

diodes, they are made by combining organic and inorganic compounds, many of which are 

hydrocarbon-based, and have a wide range of applications from solar panels, lighting, photodetectors, 

and logic gates to radio-frequency identification tags. The organic diodes have the advantage of being 

lighter, cheaper, and easier to process than standard diodes. They are available in a wide range of colors, 

and combined with different materials, they exhibit the ability to rectify both direct and alternating 

current. 

I.13. Conclusion and Summary 

The various applications of diodes in electronic circuits are so many and diverse that they seem 

more like utility elements rather than active elements. It is clearly impossible to make a complete survey 

of all the ways diodes are used in modern electronics, but an attempt has been made to cover a 

representative selection of uses. Yet it is clear that there is much repetition of what amounts to the basic 

diode functions of rectification and clipping. So the selection of applications was biased towards 

functions that at least used these basic functions in more sophisticated ways for signal isolation, power 

tool protection, etc. The specific devices of PIN diodes and varactor chips usually have hyperextensions 

of these basic functions or somewhat different basic functions for specific usages. No attempt to 

quantify the application functions was made, but for future work in this area it would be interesting to 
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have a clear idea of the extent to which the two hyperextended functions or the somewhat different 

functions become important in relation to the basic function of power rectification. What is worth 

emphasizing about the diode is that the wrinkles in its fundamental current–voltage curve that give rise 

to these exotic functions is that all the necessary information for using the diode as a signal detector or 

signal isolator is already present in the standard IV curve. This is not necessarily the case for the exotic 

and peculiar behaviour of a vacuum tube or a power FET, and while these two devices have their own 

advantages, in terms of complexity and information density the diode has them both beaten hands 

down.  
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Questions & Answers 

 

1. What happens when the battery voltage is increased in a forward-biased P-N junction? 

The current through the junction increases when the battery voltage is increased in a forward-biased 

P-N junction. 

2. What happens when a P-N junction is reverse biased? 

The holes and electrons tend to move away from the junction. 

3. What are the two breakdown mechanisms of the P-N junction? And the static resistance of a 

diode? 

The two breakdown mechanisms are Zener breakdown and Avalanche breakdown. Static resistance 

of a diode is defined as the ratio of the DC voltage applied across the diode to the DC current flowing 

through the diode. 

4. What is the dynamic resistance of a diode? 

Dynamic resistance of a diode is defined as the ratio of change in voltage to the change in current. 

5. What is reverse resistance? 

Reverse resistance is defined as the resistance offered by the P-N junction diode when it is reverse 

biased. 

6. What is a semiconductor? 

A semiconductor is a material whose conductivity stays between an insulator and a conductor. 

7. What are the two types of semiconductors? 

N-type semiconductors and p-type semiconductors are the two types of semiconductors. 

8. What are n-type semiconductors? 

N-type semiconductors are intrinsic semiconductors doped with antimony (Sb), phosphorus (P), or 

arsenic (As) as doping impurities. 

9. What is meant by doping? 

In semiconductor technology, doping is the process of intentional infliction of impurities into 

intrinsic semiconductors for the objective of remodelling their optical, structural, and electrical 

properties. 

10. What is a diode? 

A diode is an electrical device that enables the current to flow only in one direction. In an electrical 

circuit diagram, a diode is denoted by a triangle symbol with a line along one vertex. 
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11. What are the main types of diodes? 

Light-emitting diode, avalanche diode, laser diode, Schottky diode, photodiode, p-n junction diode, 

and Zener diode are the main types of diodes. 

12. What are the three regions in which diodes function? 

Forward bias, zero bias and reverse bias are the three regions in which diodes function. 

13. Give one application of P-N junction diodes. 

P-N junction diodes are used as rectifiers in numerous electric circuits. They are also used as voltage-

controlled oscillators in varactors. 

14. How do you define Zener diode? 

Zener diode is a semiconductor device that enables the flow of current in both forward and reverse 

directions. 

15. Why is Zener Diode used a regulator? 

Zener diode is utilized as a shunt voltage regulator. It is connected in parallel with the load, operating 

in reverse bias. Once the Zener diode exceeds its knee voltage, it maintains a constant voltage across 

the load. 

16. Does Zener Diode exhibit a controlled breakdown? 

Yes, Zener Diode does exhibit a controlled breakdown. 

17. Does Zener Diode work in forward-biased mode? 

No, a Zener diode does not function in forward-biased mode. It is designed to operate in reverse bias 

for its intended applications 

18. Which are the materials used in the fabrication of diodes? 

Silicon and Germanium are the semiconductor materials used in the construction of the diode. 

19. State true or false: in the Zener breakdown, the increase in temperature increases the 

breakdown voltage. 

False. In Zener breakdown, the increase in temperature decreases the breakdown voltage. 

20. In which type of diode avalanche breakdown takes place? 

It occurs in diodes that are lightly doped. 

21. What happens in avalanche breakdown when the increase in temperature takes place? 

When the temperature increases, the breakdown voltage also increases. Once you know V, you can 

find the voltages and currents in the circuit. 
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II.1. Introduction  

Modern electronics would not be possible without transistors, tiny devices that convert low-

power input into the highly efficient electric current that powers our computers, smartphones, 

televisions, and countless other parts of our modern world. Typically, a transistor itself contains fewer 

than ten critical layers. These layers may each be thinner than one-thousandth the width of a human 

hair. The functionality of these devices lies on the border between linear amplifiers and high-speed 

switches. As amplifiers, digital transistors are often used in mixers and amplifiers, a critical element of 

the wireless infrastructure in applications ranging from Wi-Fi to cell phones to GPS. In switch mode, 

they shuttle digital information throughout a device, allowing only 0 and 1 to pass, which is a critical 

building block in synchronous digital electronics. 

There are many types of transistors, and the transistor used in a specific chip design depends in 

large part on the application the chip is to perform. For example, as wireless communication systems 

have moved to higher frequencies, so too have silicon transistor technologies. The overwhelming driver 

in silicon advanced transistor technologies is lower power operation, because lower power means less 

heat, less demand for cooling, and longer battery life. In the abstract, a transistor is just a semiconductor 

device with at least three terminals. There are various possible designs for such devices, and there have 

been several different dominant transistor technologies in the sixty or so years since the invention of 

the first transistor. At its heart, a transistor is a switch, able to allow or not allow current to flow 

depending on the instantaneous state of some other part of the circuit. Transistors can also function as 

amplifiers, multiplying the voltage level of a signal. We will walk through the general operational 
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principles, but this work is a broad look at how we got to modern transistors from the semiconductors 

available in the early twentieth century. 

II.2. Historical Development of Transistors 

The development of transistors can be traced back to the efforts to develop semiconductor 

amplifiers made during the 1930. Several laboratory experiments were performed in a number of 

institutions in the 1930 to show that semiconductor materials exhibited rectification and amplified 

signals. These early studies showed that a great deal of patience and time with high precision was 

needed to obtain semiconductor devices that worked as desired. The solid-state, which led to the 

development of the first point-contact and doubly diffused alloy junction transistors inside of a few 

months, was a loose coalition coming from many technical backgrounds and experiences, limited 

funding, and paperwork that reflected a great deal of multitasking. The definite history of solid-state 

research was coupled with a changing set of contracts and employment opportunities, most of which 

could not have been foreseen. The methods to grow suitable materials were developed entirely in 

support of the radar effort. The long history of semiconductor optics had produced a body of optical 

knowledge that led directly to the basic chemistry needed to produce some kinds of point-contact 

transistors. Research in nanostructured materials began to yield new materials, such as quantum dot 

transistors and molecular transistors, with unusual electrical properties. Large-scale integration 

involves the use of transistor gauges to create integrated circuits with thousands of transistors on a 

single wafer. Advances from these fields influence the future of digital electronic development. 

II.3. Types of Transistors 

A transistor is an electronic device that controls the flow of current in a circuit, acting either as an 

amplifier to increase the intensity of a weak input signal or as a switch to convert an input into high or 

low values. There are many types of transistors, but the two main categories are: 

 Bipolar Junction Transistors (BJTs): These are made of semiconductor materials such as 

silicon that have been specially treated to change their basic electrical characteristics. BJTs are 

described as "bipolar" because the flow of current across a BJT is carried by both negatively charged 

electrons and positively charged holes. BJTs have a very high current or power gain, which makes them 

very useful in analogy circuits where voltage amplification is required. For this reason, they are 

commonly used in power amplifiers. 

 Field-Effect Transistors (FETs): In contrast to BJTs, field-effect transistors contain no holes, 

and the charge carriers flow across the device between the source and drain using an electric field that 
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permeates the entire transistor. FETs are known as unipolar devices because current conduction is 

carried either by electrons or holes but not by both as is in the BJT. With this simple structural 

difference, field-effect transistors do not draw input current but induce current conduction between 

their input and output through electric field induction. This has two distinct advantages over bipolar 

transistors: higher input impedance and less power consumption. These features make FETs ideal for 

use as integrated circuit components. 

In the case of these two transistors, the main characteristics include how transistors work, such 

as how BJTs use an applied voltage to control the current flow between two of their three terminals 

and how FETs use an applied electric field to control the flow of current between their terminals. The 

application of these two transistors in relation to the above characteristics is explained. It should also 

be noted that it is important to choose the appropriate transistor type and number according to these 

features and applications. 

II.4. Bipolar Junction Transistors (BJTs) 

Bipolar Junction Transistors (BJTs) are three-layer (either NPN or PNP) semiconductor devices 

with a p-type base sandwiched between n-type emitter and collector regions. The flow of current in an 

emitter-base junction, or base-collector junction, will cause the current in the other junction to vary 

correspondingly. BJTs can function as current amplifiers while operating. A small change in input 

current alters the output current. A small electric signal on the input controls the large energy flow from 

the output. The large current and voltage relationship is constant provided the collector-base junction 

is not in breakdown. 

The BJT is constructed with three doped semiconductor regions (emitter, base, and collector) 

separated by two pn junctions (Figure II.1). One type consists of two n regions separated by a p 

region (npn), and the other type consists of two p regions separated by an n region (pnp). The term 

bipolar refers to the use of both holes and electrons as current carriers in the transistor structure. 

The pn junction joining the base region and the emitter region is called the base-emitter junction. 

The pn junction joining the base region and the collector region is called the base-collector junction. 

A wire lead connects to each of the three regions. The leads are labelled E, B, and C for emitter, base, 

and collector, respectively. The base region is lightly doped and very thin compared to the heavily 

doped emitter and the moderately doped collector regions. Figure II.2 shows the schematic symbols 

for the npn and pnp bipolar junction transistors. 
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Figure II.1 Bipolar Junction Transistors (BJTs) structures. 

The PN junction joining the base region and the emitter region is called the base-emitter 

junction. The PN junction joining the base region and the collector region is called the base-collector 

junction. A wire lead connects to each of the three regions. The leads are labelled E, B, and C for 

emitter, base, and collector, respectively. The base region is lightly doped and very thin compared to 

the heavily doped emitter and the moderately doped collector regions. Figure II.2 shows the schematic 

symbols for the npn and pnp bipolar junction transistors. 

 

Figure II.2 Bipolar Junction Transistors (BJT) symbols. 

There are three types of configuration, which are common base (CB), common collector (CC) 

and common emitter (CE) (Figure II.3).  

•  In common base (CB) configuration, the base terminal of the transistor is common between input 

and output terminals (Figure II.3(a)). 

•  In common collector (CC) configuration, the collector terminals are common between the input 

and output terminals(Figure II.3(b)). 

•  In common emitter (CE) configuration, the emitter terminal is common between the input and 

the output terminals (Figure II.3(c)). 
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Figure II.3 Types of Bipolar Junction Transistors (a) common base (CB), (b) common 

collector (CC) and (c) common emitter (CE). 

Figure II.4 shows a bias arrangement for both npn and pnp BJTs for operation as an amplifier. 

In order for a BJT to operate properly, the two pn junctions must be correctly biased with external 

DC voltages. In both cases the base-emitter (BE) junction is forward-biased and the base-collector 

(BC) junction is reverse-biased. This condition is called forward-reverse bias. 

 

Figure II.4 Forward-reverse bias of a BJT. 

II.4.1. Transistor Currents 

 The directions of the currents in both npn and pnp transistors and the schematic symbols are as 

shown in Figure II.5. 
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Figure II.5 Transistor currents. 

 The heavily doped n-type emitter region has a very high density of conduction-band (free) 

electrons. These free electrons easily diffuse through the forward-based BE junction into the lightly 

doped and very thin p-type base region. The base has a low density of holes, which are the majority 

carriers. A small percentage of the total number of free electrons injected into the base region 

recombine with holes and move as valence electrons through the base region and into the emitter region 

as hole current. The construction and terminal voltages for a bipolar NPN transistor are shown above. 

The voltage between the Base and Emitter (VBE), is positive at the Base and negative at the Emitter 

because for an NPN transistor, the Base terminal is always positive with respect to the Emitter. The 

Collector supply voltage must also be more positive with respect to the Emitter (VCE). Therefore, for a 

bipolar NPN transistor to conduct correctly, the Collector must always more positive with respect to 

both the Base and the Emitter terminals (Figure II.6). 

 

Figure II.6 BJT operation showing electron flow. 
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A change in output current from changes in the base to emitter current creates a parameter called 

the current gain (β) of the BJT and is given by the ratio IC/IB. The current gain (β) is typically constant. 

The bipolar junction transistor (BJT) is currently one of the most important components in electronic 

systems. For this reason, it is imperative that the student has a sound understanding of the transistor 

and its characteristics. To begin this understanding, it is imperative that the student first understands 

what is meant by a BJT. Additionally, in understanding the transistor, one must first understand how 

the transistor is physically configured to form the two pn-junctions that are present in the transistor. 

Then the voltage sources are connected to an NPN transistor as shown. The Collector is connected 

to the supply voltage VCC via the load resistor, RL which also acts to limit the maximum current flowing 

through the device. The Base supply voltage VB is connected to the Base resistor RB, which again is 

used to limit the maximum Base current. So in a NPN Transistor it is the movement of negative current 

carriers (electrons) through the Base region that constitutes transistor action, since these mobile 

electrons provide the link between the Collector and Emitter circuits. This link between the input and 

output circuits is the main feature of transistor action because the transistors amplifying properties 

come from the consequent control which the Base exerts upon the Collector to Emitter current (Figure 

I.7). 

 

Figure II.7 Bipolar NPN Transistor Configuration. 

 

Then we can see that the transistor is a current operated device (Beta model) and that a large 

current (IC) flows freely through the device between the collector and the emitter terminals when the 

transistor is switched "fully-ON". However, this only happens when a small biasing current (IB) is 

flowing into the base terminal of the transistor at the same time thus allowing the Base to act as a sort 

of current control input. The current in a bipolar NPN transistor is the ratio of these two currents (IC/IB), 

called the DC Current Gain of the device and is given the symbol Beta, β. The value of β can be large 

up to 200 for standard transistors, and it is this large ratio between IC and IB that makes the bipolar NPN 
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transistor a useful amplifying device when used in its active region as IB provides the input 

and IC provides the output. Note that Beta has no units as it is a ratio. Also, the current gain of the 

transistor from the Collector terminal to the Emitter terminal, IC/IE, is called Alpha, (α) , and is a 

function of the transistor itself (electrons diffusing across the junction) 

As the emitter current Ie is the sum of a very small base current plus a very large collector current, 

the value of alpha (α), is very close to unity, and for a typical low-power signal transistor this value 

ranges from about 0.950 to 0.999. 
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II.4.2. BJT Circuit Analysis 

Consider the basic transistor bias circuit in Figure II.8. However, VBE is DC voltage at base with 

respect to emitter, VCB is DC voltage at collector with respect to base and VCE is DC voltage at 

collector with respect to emitter.  

 

Figure II.8 Transistor currents and voltages. 
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VBB forward-biases the base-emitter junction, and VCC reverse-biases the base-collector junction. 

When the base-emitter junction is forward-biased where: 

VBE � �. 7 " 

Although VBE can be as high as 0.9 V in an actual transistor and is dependent on current, 0.7 V 

is used to simplify the analysis of the basic concepts. The characteristic of the base-emitter junction 

is the same as a normal diode curve. Since the emitter is at ground (0 V), by Kirchhoff’s voltage law, 

the voltage across RB is : 

VRB � VBB  � VBE 

By Ohm’s law, VRB=IBRB. Substituting for VRB and solving for IB given by: 

IB� #���#��
$�

 

The voltage at the collector with respect to the grounded emitter is : 

VRB � VCC  � VRC 

Since the drop across RC is VRC=IC RC, VCE can be written as: 

VCE � VCC  � IC RC        Where, IC � �  IB 

The voltage across the reverse-biased collector-base junction is : 

VCB � VCE  � VBE 

II.4.3. Collector Characteristic Curves 

Using a circuit like that shown in Figure II.9, a set of collector characteristic curves can be 

generated that show how IC varies with VCE, for specified values of IB. Both VBB and VCC are variable 

sources of voltage. VBB is assumed to be set to produce a certain value of IB and VCC is zero.  

Thus, both the base-emitter junction and the base-collector junction are forward-biased because 

the base is at approximately 0.7 V while the emitter and the collector are at 0 V. IB is through the base-

emitter junction because of the low impedance path to ground and, therefore, IC is zero.  
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When both junctions are forward-biased, the transistor is in the saturation region of 

operation. Saturation is the state of a BJT in which IC has reached a maximum and is independent of 

IB. As VCC is increased, VCE increases as IC increases.  

This is the portion between points A and B in Figure II.10. IC increases as VCC is increased 

because VCE remains less than 0.7 V due to the forward-biased base-collector junction. When 

VCE exceeds 0.7 V, the base-collector junction becomes reverse-biased and the transistor goes into 

the active, or linear, region of operation. IC increases very slightly for a given IB as VCE increases due 

to widening of the base-collector depletion region. This causes a slight increase in β.  

 

Figure II.9 BJT circuit. 

 This is the portion between points B and C in Figure II.10. IC in this portion is determined only 

by IC =βIB. When VCE reaches a sufficiently high voltage, the base-collector junction goes 

into breakdown; and IC increases rapidly, shown by the portion to the right of point C. A transistor 

should never be operated in this region. A family of curves is produced when IC versus VCE is plotted 

for values of IB. When IB = 0 A, the transistor is in the cutoff region. Cutoff is the nonconducting state 

of a transistor.The most important factor to notice is the effect of VCE  upon the collector 

current IC when VCE  is greater than about 1 volts. 

We can see that IC is largely unaffected by changes in VCE  above this value and instead it is 

almost entirely controlled by the base current, IB. When this happens, we can say then that the output 

circuit represents that of a "Constant Current Source". It can also be seen from the common emitter 

circuit above that the emitter current IE is the sum of the collector current, IC and the base current, IB, 

added together so we can also say that IE = IC + IB for the common emitter (CE) configuration. 
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Figure II.10 Collector characteristic curves. 

By using the output characteristics curves in our example above and also Ohm´s Law, the current 

flowing through the load resistor, (RL), is equal to the collector current, IC entering the transistor which 

in turn corresponds to the supply voltage, (VCC) minus the voltage drop between the collector and the 

emitter terminals, (VCE) and is given as: 

IC �  #

 � #
�
$%

 

Also, a straight line representing the Dynamic Load Line of the transistor can be drawn directly 

onto the graph of curves above from the point of  "Saturation" (A) when VCE = 0 V, to the point of 

"Cut-off" (B) when IC = 0 A, thus giving us the "Operating" or Q point of the transistor. These two 

points are joined together by a straight line and any position along this straight line represents the 

"Active Region" of the transistor. The actual position of the load line on the characteristics curves can 

be calculated as follows: 

While : VCE �   0 V    IC �  #

 � & 
$%

    IC �  #


$%

 

Whereas : IC � 0 A   0 �  #

 � #
�
$%

  VCC � VCE 

Then, the collector or output characteristics curves for Common Emitter NPN Transistors can be 

used to predict the Collector current, IC, when given VCE and the Base current, IB.  

A Load Line can also be constructed onto the curves to determine a suitable Operating or Q 

point which can be set by adjustment of the base current. The slope of this load line is equal to the 

reciprocal of the load resistance which is given as: (-1/RL).  
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Then we can define a NPN Transistor as being normally "OFF" but a small input current and a 

small positive voltage at its Base (B) relative to its Emitter (E) will turn it "ON" allowing a much large 

Collector-Emitter current to flow.  

NPN transistors conduct when VC is much greater than VE. Cutoff and saturation can be 

illustrated in relation to the collector characteristic curves by the use of a load line (Figure II.11). The 

bottom of the load line is at ideal cutoff where IC = 0 A, and VCE = VCC. The top of the load line is at 

saturation where IC = IC(sat) and VCE = VCE(sat). In between cutoff and saturation along the load line is 

the active region of the transistor’s operation. 

 

Figure II.11 DC load line on a family of collector characteristic curves. 

II.4.4. Transistor Amplifiers 

Transistor amplifiers are widely employed for amplifying various signals, from very weak audio 

frequency signals to radio frequency signals. Amplification is based on the principle that a transistor 

can control the magnitude of output current, voltage, or power from the transistor input signal. The 

amplification of a weak input signal and its amplification properties mainly depend on the choice of 

transistor and its mode of operation, voltage ratings, and current ratings. Hence, the choice of transistor 

in relation to a particular amplifier requirement is decided based on the amplification and power 

amplification stages. In turn, a further processing or transmission stage can be used for the purpose of 

a given application. Signal processors, starting with transistor amplifiers, find applications in audio 

systems and communication systems like AM, FM, pulse width modulation, and stereo systems. 

Typical examples include consumer electronics like AM/FM radios, audio tapes, compact disc music 

systems, public address or sound systems, and televisions. There are mainly three basic configurations 

of transistor amplifiers, namely common emitter, common collector, and common base. Of these 

configurations, the most widely used are the common emitter configurations as far as power 

amplification is involved. Here, however, other configurations are used as input or voltage amplifiers 
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to feed into a common emitter configuration. The common collector transistor amplifiers find 

application in impedance matching networks, emitter followers, etc. The advantages and disadvantages 

of these configurations of transistor amplifiers will be discussed along with the theory of their 

operation. The various factors connected with an amplifier, such as its gain, linearity, bandwidth, input, 

and output impedance, are also discussed at appropriate places. The factors governing the performance 

of real amplifiers, distortion, and feedback in amplifiers are also discussed in other paragraphs. Other 

applications, such as modulators and mixers, are briefly explained in this section for the purpose of 

clarity on site signals and their processing. 

A transistor amplifies current because IC is equal to IB multiplied by the current gain, β. IB is 

very small compared to IC and IE. Because of this: 

IC �  IE 

An AC voltage, VS, is superimposed on the DC bias voltage VBB as shown in Figure II.12. The 

DC bias voltage VCC is connected to the collector through RC. 

 

Figure II.12 Basic transistor amplifier circuit. 

Ib, Ic and Ie are the AC transistor currents. Vb, Vc and Ve are AC voltages from the transistor 

terminals to the ground. The AC Vin produces an AC IB, which results in a much larger AC IC. The 

AC IC produces an ac voltage across RC, producing an amplified, but inverted, reproduction of the ac 

input voltage in the active region of operation. The forward-biased base-emitter junction presents a 

very low resistance to the ac signal. This internal AC emitter resistance (r'e) appears in series with RB. 

The AC base voltage is: 

Vb � (
) Ie 

The AC collector voltage, VC, equals the AC voltage drop across RC:  
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VC � IC RC 

Since Ic � Ie, the AC collector voltage is:  

VC �Ie RC 

Vb can be considered the transistor AC input voltage where Vb =VS - Ib RB. VC can be considered 

the transistor AC output voltage. Since voltage gain is defined as the ratio of the output voltage to the 

input voltage, the ratio of VC to Vb is the AC voltage gain, Av, of the transistor. 

*+ � ",
"-

 

Substituting Ie RC for VC and Ie r'e for Vb, so: 

*+ � �
.�
�
(
)

≅ .�
(
)

 

II.5. Transistor Switching Circuits 

In this section, we look at switch circuits with transistors. These are the circuits where transistors 

are extremely popular to use. In fact, this is their most important application. The concept of transistors 

working as switches is studied in every part of the world in the field of electronics and communication. 

Thus, our clear concept in the topic of the operation of transistors as switches is another vital topic in 

the study of transistors. When a transistor is used as a switch, it is operated in the extreme region. The 

operating point is taken to be the extreme value of the characteristic curve of the transistor. In this 

condition, there are two states of operation. One state operates the switch, which is the ON state, and 

the other is the OFF state. The continuous operation of the transistor in alternate ON state and OFF 

state is useful in digital technology. The system consists of two states of transistor switched circuits 

known as logic circuits.  

The logic circuits process binary numbers, and all modern digital computers are built with the 

combinational and sequential logic circuits, which consist of transistors as basic building blocks. 

Looking at the future of transistors as switches, the transistors have a low cost. They consume low 

current. They are simple to use and easily available in bulk on the market. In the switching operation, 

the on and off operation of the transistors is very quick. The transistor switches are widely used in 

control circuits, digital to analog and analog to digital integrated circuits, data storage purposes, data 

processing circuits, and in multiplexers, registers, counters, memory devices, and many more 

applications. Data multiplexing and demultiplexing operations can be completed just by attending to 



Chapter II   Transistors Electronic Components

    

WÜA TÅxÄ ZtvxÅ  2024 - 2025      75 

the servo sequence period when the load devices are not connected. The logic gates' inputs A and B 

always have a greater digital voltage drop compared to the G terminal of the transistor. Similarly, the 

universal gates have resistance output capability. 

In Figure II.13 (a), the transistor is in the cutoff region because the base-emitter junction is not 

forward-biased. There is, ideally, an open between collector and emitter. Whereas,  concerning Figure 

II.13 (b), the transistor is in the saturation region because the base-emitter junction and the base-

collector junction are forward-biased. IB is made large enough to cause IC to reach its saturation value. 

There is, ideally, a short between collector and emitter. A small voltage drop across the transistor of 

up to a few tenths of a volt normally occurs, which is the saturation voltage, VCE(sat). 

 

Figure II.13 Switching action of an ideal transistor. 

When used as an AC signal amplifier, the transistors Base biasing voltage is applied in such a 

way that it always operates within its “active” region, that is the linear part of the output characteristics 

curves are used. However, both the NPN & PNP type bipolar transistors can be made to operate as 

“ON/OFF” type solid state switch by biasing the transistors Base terminal differently operating the 

transistor as a switch. Solid state switches are one of the main applications for the use of transistor to 

switch a DC output “ON” or “OFF”. 

Some output devices, such as LED’s only require a few milliamps at logic level DC voltages and 

can therefore be driven directly by the output of a logic gate. However, high power devices such as 

motors, solenoids or lamps, often require more power than that supplied by an ordinary logic gate so 

transistor switches are used. If the circuit uses the Bipolar Transistor as a Switch, then the biasing of 

the transistor, either NPN or PNP is arranged to operate the transistor at both sides of the  I-

V characteristics curves we have seen previously (Figure II.14).  
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The areas of operation for a transistor switch are known as the Saturation Region and the Cut-off 

Region. 

This means then that we can ignore the operating Q point biasing and voltage divider circuitry 

required for amplification, and use the transistor as a switch by driving it back and forth between its 

"fully-OFF" (cut-off) and "fully-ON" (saturation) regions as shown below. 

 

Figure II.14 The areas of operation for a transistor switch are known as the Saturation Region and 

the Cut-off Region. 

 Conditions in Cutoff : 

The base-emitter junction is not forward-biased. Neglecting leakage current, all of the currents 

are zero, and VCE = VCC, when: 

VCE(cutoff)   � VCC 

Here the operating conditions of the transistor are zero input base current (IB), zero output 

collector current (IC) and maximum collector voltage (VCE) which results in a large depletion layer and 

no current flowing through the device. Therefore the transistor is switched "Fully-OFF". 

 Conditions in Saturation: 

The base-emitter junction is forward-biased and there is enough IB to produce a maximum IC. 

The collector saturation current is : 

"��01�� � "�� � "�2�01��
.�
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Since VCE(sat) is very small compared to VCC, it can usually be neglected. The minimum value of 

IB needed to produce saturation is : 

���34�� � ���01��
�  

Normally, IB should be significantly greater than IB(min) to ensure that the transistor is saturated. 

II.6. Transistor Bias Circuit 

The transistor in Figure II.15(a) is biased with VCC and VBB to obtain certain values of IB, IC, IE, 

and VCE. The collector characteristic curves for this transistor are shown in Figure II.15(b); which 

graphically illustrate the effects of DC bias. We assign three values to IB and observe what happens to 

IC and VCE. 

 

Figure II.15 The variable bias voltage and the collector characteristic curves. 

 First, VBB is adjusted to produce an IB of 200 A as shown in Figure II.16(a). Since IC = βIB, the 

collector current is 20 mA as indicated, when:  

VCE � VCC  � ICRC 

VCE �10 � (20)(220) � 5.6 V 

Next, as shown in Figure II.16(b), VBB is increased to produce an IB of 300 A and an IC of 30 

mA, as: 

VCE �10 � (30)(220) � 3.4 V 
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Finally, VBB is increased to give an IB of 400 A and an IC of 40 mA (Figure II.16(c)), while: 

VCE �10 � (40)(220) � 1.2 V 

 

Figure II.16 Illustration of Q point adjustment of BJT transistor. 

 Describes graphically the DC operation of a transistor circuit, a straight line drawn on 

the characteristic curves from the saturation value where IC = IC(sat) on the y-axis to the cutoff value 

where VCE = VCC on the x-axis, as shown in Figure II.17(a). The equation for IC is: 

�� � "�� � "�2
.�

 �  � 5 1
.�

7 "�2 � "��
.�

 

This is the equation of a straight line with a slope of -1/RC, an x intercept of VCE = VCC, and a y 

intercept of VCC/RC, which is IC(sat). The point at which the load line intersects a characteristic curve 
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represents the Q-point for that particular value of IB. Figure II.17(b) illustrates the Q point on the load 

line for each value of IB in Figure II.16. 

 

Figure II.17 The direct current load line. 

II.6.1. Transistor with emitter bias  

Emitter bias provides excellent bias stability in spite of changes in or temperature. It uses both a 

positive and a negative supply voltage. In an NPN circuit shown in Figure II.18, the small IB causes 

VB to be slightly below ground. VE is one diode drop less than this. 

 

Figure II.18 NPN transistor with emitter bias.  

The combination of the small drop across RB and VBE forces the emitter to be at approximately 

1-V. Using this approximation, IE is given by:  

�2 � �"�2 � 1
.2

 

You can apply the approximation that IC ≈ IE to calculate VC: 



Chapter II   Transistors Electronic Components

    

WÜA TÅxÄ ZtvxÅ  2024 - 2025      80 

VC � VCC  � ICRC 

The approximation that VE ≈ -1V is useful for troubleshooting to circumvent detailed 

calculations. Kirchhoff’s voltage law can be applied to develop a more accurate formula for IE for 

detailed analysis. Kirchhoff’s voltage law applied around the base-emitter circuit in Figure II.18, 

which has been redrawn in part (b) for analysis, gives: 

VEE �VRB �VBE �VRE �0 

Substituting IB ≈ IE /β, we obtain : 

8$�
9 :RB � IE RE �VBE  � � VEE  

 

IE � � #�� � #��
$� ; <�

=
 

•  Voltages with respect to ground are indicated by a single subscript. VE with respect to ground 

is: 

VE � VEE  + ICRC 

•  VB with respect to ground is: 

VB � VE  � VBE 

•  VC with respect to ground is: 

VC � VCC  � ICRC 

II.6.2. Transistor with base bias  

This method of biasing is common in switching circuits. The analysis of this circuit for the linear 

region shows that it is directly dependent on β (Figure II.19). Starting with Kirchhoff’s voltage law 

around the base circuit, we obtain: 

VCC – VRB  � VBE� 0 

Substituting IBRB for VRB and solving for IB, so: 

�� � "�� � "�2
.�

 

Kirchhoff’s voltage law applied around the collector circuit in Figure II.19 gives the 

equation: VCC - ICRC - VCE = 0. Solving for VCE, where:  

VCE � VCC � RCIC 
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Substituting the expression for IB into IC = βIB yields, thus: 

I? � β 5VBB � V?C
R?

7 

 

 

 

 

 

 

 

Figure II.19 NPN transistor with emitter bias. 

II.7. Field Effect Transistor 

Field-effect transistors (FETs) are current-operated, voltage-controlled devices, or voltage 

amplifiers. FETs are also characterized by being controlled by the electric field associated with the 

input terminal (gate for the MOSFETs and base for BJTs), as well as the shunt connection of the current 

carriers across two other terminals: source and drain in the FET and emitter and collector in the BJT. 

In contrast to the BJTs discussed earlier, the transconductance of the FETs is not primarily determined 

by the carriers' injection from the "source" to the "drain" or "collector." Rather, the field-effect 

transistors are operated based on the influence of the input terminal's electric field on the conductivity 

of the two shunt terminals situated closely to each other.  

A three-terminal structure represented by the gate (G), source (S), and drain (D) is shown. The 

gate-source shunt connection enables the flow of the charge carriers through the gate dielectric into the 

thick-channel body that bridges the source and drain regions.  

The Junction Field Effect Transistor, or JFET, is a voltage controlled three terminal unipolar 

semiconductor device available in N-channel and P-channel configurations. The field effect transistor 

is a three terminal device that is constructed with no PN-junctions within the main current carrying 

path between the Drain and the Source terminals.  

These terminals correspond in function to the Collector and the Emitter respectively of the bipolar 

transistor. The current path between these two terminals is called the “channel” which may be made of 
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either a P-type or an N-type semiconductor material. The control of current flowing in this channel is 

achieved by varying the voltage applied to the Gate. As their name implies, Bipolar Transistors are 

“Bipolar” devices because they operate with both types of charge carriers, holes and electrons. 

The Field Effect Transistor on the other hand is a “Unipolar” device that depends only on the 

conduction of electrons (N-channel) or holes (P-channel).  

The Field Effect Transistor has one major advantage over its standard bipolar transistor cousins, 

in that their input impedance, ( Rin ) is very high, (thousands of Ohms), while the BJT is comparatively 

low. This very high input impedance makes them very sensitive to input voltage signals, but the price 

of this high sensitivity also means that they can be easily damaged by static electricity. There are two 

basic configurations of junction field effect transistor, the N-channel JFET and the P-channel JFET. 

The N-channel JFET’s channel is doped with donor impurities meaning that the flow of current through 

the channel is negative (hence the term N-channel) in the form of electrons. 

II.7.1. Symbols of FETs  

The symbols and basic construction for both configurations of JFETs are shown in Figure II.20. 

The semiconductor “channel” of the Junction Field Effect Transistor is a resistive path through which 

a voltage VDS causes a current ID to flow and as such the junction field effect transistor can conduct 

current equally well in either direction.  

As the channel is resistive in nature, a voltage gradient is thus formed down the length of the 

channel with this voltage becoming less positive as we go from the Drain terminal to the Source 

terminal.  

The result is that the PN-junction therefore has a high reverse bias at the Drain terminal and a 

lower reverse bias at the Source terminal.  

This bias causes a “depletion layer” to be formed within the channel and whose width increases 

with the bias.  

The magnitude of the current flowing through the channel between the Drain and the Source 

terminals is controlled by a voltage applied to the Gate terminal, which is a reverse-biased. In an N-

channel JFET this Gate voltage is negative while for a P-channel JFET the Gate voltage is positive.  

The main difference between the JFET and a BJT device is that when the JFET junction is 

reverse-biased the Gate current is practically zero, whereas the Base current of the BJT is always some 

value greater than zero. 
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Figure II.20 Symbol of the Junction Field Effect Transistor.   

II.7.2. Biasing of an N-channel Junction Field Effect Transistor 

Figure II.21 shows an N-type semiconductor channel with a P-type region called the Gate 

diffused into the N-type channel forming a reverse biased PN-junction and it is this junction which 

forms the depletion region around the Gate area when no external voltages are applied. JFETs are 

therefore known as depletion mode devices. This depletion region produces a potential gradient which 

is of varying thickness around the PN-junction and restrict the current flow through the channel by 

reducing its effective width and thus increasing the overall resistance of the channel itself. Then we can 

see that the most-depleted portion of the depletion region is in between the Gate and the Drain, while 

the least-depleted area is between the Gate and the Source. Then the JFET’s channel conducts with 

zero bias voltage applied (the depletion region has near zero width).  

With no external Gate voltage (VG = 0), and a small voltage (VDS) applied between the Drain and 

the Source, maximum saturation current (IDSS) will flow through the channel from the Drain to the 

Source restricted only by the small depletion region around the junctions. If a small negative voltage (-

VGS) is now applied to the Gate the size of the depletion region begins to increase reducing the overall 

effective area of the channel and thus reducing the current flowing through it, a sort of "squeezing" 

effect takes place.  

So by applying a reverse bias voltage increases the width of the depletion region which in turn 

reduces the conduction of the channel. Since the PN-junction is reverse biased, little current will flow 

into the gate connection. As the Gate voltage (-VGS) is made more negative, the width of the channel 

decreases until no more current flows between the Drain and the Source and the FET is said to be 
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"pinched-off" (similar to the cut-off region for a BJT). The voltage at which the channel closes is called 

the "pinch-off voltage”, (VP). 

 

Figure II.21 Bias connection for n-channel JFET.  

II.7.3. FET Characteristics and Parameters  

Figure II.22  shows the drain current characteristics of a JFET for gate-to-source voltage equal 

to 0V. i.e. VGS = 0. Between point A and B, it is the ohmic region of the JFET. It is the region where 

the voltage and current relationship follows ohm's law. At point B, the drain current is at maximum 

for VGS = 0 condition and is defined as IDSS. It is the pinch-off point, where there is no increase of 

current as drain-to-source voltage VDS is further increased. The VDS voltage at this point is called pinch-

off voltage VP. It is also the voltage point where drain-to-gate voltage VDG produces enough depletion 

thickness to narrow the channel so that the resistance of the channel will increase significantly. Since 

VGS = 0, VDS is also equal to VDG. Thus, in general the pinch-off voltage Vp is : 

  

Vp = VDS(P) - VGS 

 

Figure II.22 JFET drain characteristics curve for VGS = 0V. 
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Where VDS(P) is the pinch-off drain-to-source voltage for a VGS value. IDSS and VP are constant 

values listed by the manufacturer for a given JFET type, which are the drain current and pinch-off 

voltage at gate-to-source voltage VGS = 0V.  At point C, the JFET begins to breakdown where the ID 

increases rapidly and it is an irreversible breakdown.  Different value of VGS produces different drain 

characteristic curve. For n channel JFET, as VGS decreases, ID current and VDS(P) decreases (Figure 

II.23). There is a VGS value that no drain current ID is registered irrespective of the drain-source voltage 

VDS. This gate-to-source voltage VGS is the cutoff gate-to-source voltage VGS(off). Since there is no ID 

current, VDS must be zero. Thus VGS = -VP.  We can also now be written as VDS(P) = VGS – VGS(off).  

In the drain ohmic region, the characteristic curve for the N-channel type follows the following 

equation:  

 

Where A is the effective cross sectional area of the channel for a given VGS voltage and b is the 

effective channel width for a given gate-to-source voltage and zero drain current. At gate-to-source 

voltage equals to zero volt. VGS = 0 volt, the effective channel width b is equal to h. Thus, the channel 

on-resistance is defined as: 

 

 

 

 

Figure II.22 Drain characteristics of n-channel JFET of different VGS.  
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The pinch-off curve follows equation, which is: 

ID � IDSSE1 � #FG
#H

IJ
 

 

For obtaining cut-off condition whereby the drain current ID is equal to zero (Figure II.23).  

 

Figure II.23 Condition for cutoff of an n-channel JFET. 

 Example : For the JFET circuit shown in the figure, VP = 8.0V and IDSS = 12.0mA. (a) 

Determine the value of VDS when pinch-off begins. (b) If the gate is grounded, what is the value of ID 

for VDD = 12.0V when VDS is above pinch-off?  

 

  Solution :From the circuit, VGS = -5V and apply equation VDS(P) = VGS – VGS(off),  

VDS(P) = VP + VGS = 8V + (-5V) = 3V 

 The VDS voltage when pinch-off occurred is 3.0 V. When the gate is grounded, VGS = 0V, the 

drain current ID is equal to IDSS = 12 mA. For any value of drain-to-source voltage VDS above pinch-off 

voltage of 8V, the drain current ID remains as IDSS = 12.0 mA. This is true as long as the drain-to-source 

voltage VDS is below breakdown voltage.  
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II.7.4. Characteristic I-V curves of junction FET 

The voltage VGS applied to the Gate controls the current flowing between the Drain and the 

Source terminals. VGS refers to the voltage applied between the Gate and the Source while VDS refers to 

the voltage applied between the Drain and the Source (Figure II.24(a)). Because a Junction Field Effect 

Transistor is a voltage controlled device, “NO current flows into the gate!” then the Source current ( IS ) 

flowing out of the device equals the Drain current flowing into it and therefore ( ID = IS ). The 

characteristics curves example shown in Figure II.24(b), shows the four different regions of operation 

for a JFET and these are given as: 

•  Ohmic Region ; When VGS = 0 the depletion layer of the channel is very small and the JFET 

acts like a voltage controlled resistor. 

•  Cut-off Region : This is also known as the pinch-off region were the Gate voltage, VGS is 

sufficient to cause the JFET to act as an open circuit as the channel resistance is at maximum. 

•  Saturation or Active Region :The JFET becomes a good conductor and is controlled by the 

Gate-Source voltage, (VGS) while the Drain-Source voltage, (VDS) has little or no effect. 

•  Breakdown Region : The voltage between the Drain and the Source, (VDS) is high enough to 

causes the JFET’s resistive channel to break down and pass uncontrolled maximum current. 

 

Figure II.24 (a) Symbol of Field Effect Transistor and (b) Characteristic I-V curves. 

The transfer characteristic of an n-channel JFET is shown in Figure II.25. At gate to-source 

voltage VGS = 0, the drain current ID is equal to IDSS and at gate-to source voltage VGS(off), drain current 

ID = 0. 
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Figure II.25 Transfer characteristics curve of an n-channel JFET.  

The curve is a parabolic curve, which can be expressed mathematically as : 

ID � IDSSE1 � #FG
#H

IJ
 

The Drain current is zero when VGS =VP. For normal operation, VGS is biased to be somewhere 

between VP and 0. Then we can calculate the Drain current, ID for any given bias point in the saturation 

or active region. The characteristics curves for a P-channel junction field effect transistor are the same 

as those above, except that the Drain current ID decreases with an increasing positive Gate-Source 

voltage, VGS. Note that the value of the Drain current will be between zero (pinch-off) 

and IDSS (maximum current).  

II.7.5. Forward Transconductance  

The forward transconductance gm of the JFET is defined as the change of drain current for a 

given change in gate-source voltage VGS and it is expressed as :  

 

From the transfer characteristic curve, one will realize that the transconductance of the device 

is at maximum when VGS is at zero voltage. The value of gm at VGS = 0 is always given in the 

manufacturer data sheet of the device, which is denoted as gm0. If gm0 is given, gm for a given VGS can 

be calculated from equation : 

 

By differentiating drain current with respect to gate-to-source voltage dID/dVGS,  
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Thus, given the values of IDSS and VGS(off), the transconductance of the device at VGS = 0 can be 

can be expressed as :  

 

Thus, the transconductance gm of JFET for a given drain current ID value, can be obtained. Since 

the gate of JFET is reverse-biased, the input impedance is very high. This is one advantage of JFET 

over bipolar junction transistor. In JFET data sheet, the input impedance is given by gate reverse 

current IGSS for a given gate-source voltage VGS. Thus, input impedance can be expressed as:  

RDS �  ∆#LG
∆�L

� 
�

MN
 

By knowing the Drain current ID and the Drain-Source voltage VDS the resistance of the channel 

( RDS ) is given as: 

II.7.6. Modes of FET 

Like the bipolar junction transistor, the field effect transistor being a three terminal device is 

capable of three distinct modes of operation and can therefore be connected within a circuit in one of 

the following configurations. 

 Common Source (CS) Configuration: In the Common Source configuration (similar to 

common emitter), the input is applied to the Gate and its output is taken from the Drain as shown 

(Figure II.26 (a)). This is the most common mode of operation of the FET due to its high input 

impedance and good voltage amplification and as such Common Source amplifiers are widely used. 

The common source mode of FET connection is generally used audio frequency amplifiers and in high 

input impedance pre-amps and stages. Being an amplifying circuit, the output signal is 180o “out-of-

phase” with the input. 

 Common Gate (CG) Configuration: In the Common Gate configuration (similar to common 

base), the input is applied to the Source and its output is taken from the Drain with the Gate connected 

directly to ground (0 v) as shown (Figure II.26 (b)). The high input impedance feature of the previous 

connection is lost in this configuration as the common gate has a low input impedance, but a high output 

impedance. This type of FET configuration can be used in high frequency circuits or in impedance 
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matching circuits were a low input impedance needs to be matched to a high output impedance. The 

output is “in-phase” with the input. 

 Common Drain (CD) Configuration: In the Common Drain configuration (similar to 

common collector), the input is applied to the Gate and its output is taken from the Source (Figure II.26 

(c)). The common drain or “source follower” configuration has a high input impedance and a low output 

impedance and near-unity voltage gain so is therefore used in buffer amplifiers. The voltage gain of the 

source follower configuration is less than unity, and the output signal is “in-phase”, 0o with the input 

signal. This type of configuration is referred to as “Common Drain” because there is no signal available 

at the drain connection, the voltage present, +VDD just provides a bias. The output is in-phase with the 

input. 

 
Figure II.26 (a) Common Source, (b) Common Gate  and (c) Common Drain configuration. 

II.8. Transistor in Dynamic Regime 

In a transistor amplifier, the DC sources establishcurrents and DC voltages. The AC source 

produces fluctuationsin the transistor currents and voltages. To analyze more simplythe actiontransistor 

circuits are dividedthe analysis in two parts: an analysis for thecontinuous quantities and the other for 

the alternative sizes. In other words, transistor circuits can be analyzed by applying the superposition 

theorem of electrical states. Instead of taking one source at a time, we take all the DC sources at the 

same time and find the DC currents and voltages using the usual methods in the section on the 

polarization of bipolar transistors. We then take all the AC sources at the same time and calculate the 

AC currents and voltages. By adding these DC and AC currents and voltages, we obtain the total 

currents and voltages. 
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II.8.1. Coupling and decoupling capacitors 

We remind that a transistor assembly includes a direct current circuit and an alternating current 

circuit. Thanks to the capacitors, we will be able to superimpose the alternating current circuit on the 

bias circuit without the latter, this modifies direct currents and voltages. 

a) Coupling capacitors 

A coupling capacitor transmits an alternating signal from one point that is not grounded to 

another point that is also not grounded. In the circuit of Figure II.26, the voltage alternative point A 

appears in B provided that the impedance ZC of the capacitor is low compared to those of the 

resistors. On the other hand, the direct current will not be able to pass from A in B. 

 

Figure II.26 Coupling capacitor. 

 

Impedance ZC  is : ZC= 1 /C×2π×f 

 where f is the frequency of the superimposed AC signal. So ZC will be all the greater as f will be 

small. To have a low coupling capacitor impedance compared to the ohmic resistances of the circuit, 

we can use the following approximation: 

 

Or f is the lowest frequency of use and R the resistance of the mesh in series with the capacitance. 

This is the minimum value of the capacity to be employed. By its action, such a capacity allows to 

transfer an alternating signal of a transistor stage to another without disturbing the DC bias of each 

stage.  

b) Decoupling capacitors 

A decoupling capacitor is similar to a coupling capacitor that is coupled to ground ( creation of a 

virtual mass).These capabilities introduce the concept of ground in AC. On the circuit from figure II.27, 

the point A is shorted to ground in AC. The direct current in A will not be disturbed since the 
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capacitance does not allow the direct current to pass. To determine the value of the capacitor, we use 

the approximation of the previous paragraph. 

 

Figure II.27 Decoupling capacitor. 

II.8.2. Equivalent circuits in direct and alternating currents 

Here's how to apply superposition to transistor circuits. 

(i) Reduce all AC sources to zero; open all capacitors. The remaining circuit is all we are 

interested in for currents and continuous tensions. We call it the equivalent circuit in direct current. 

From this circuit, we calculate the direct currents and voltages that interest us. Reduce all DC sources 

to zero. Short-circuit all coupling and decoupling capacitors. The remaining circuit is all that interests 

us for AC currents and voltages. This is called circuit the equivalent circuit in alternating current. It is 

the circuit to use for calculating alternating currents and voltages. The total current in each branch is 

equal to the sum of the direct current and the alternating current in that branch. Similarly, the total 

voltage between the terminals of a any branch is equal to the sum of the direct voltage and the 

alternating voltage between the terminals of this branch. 

Here is how to apply the superposition theorem to the amplifier at circuit transistor from Figure II.28. 

 

Figure II.28 Transistor-based amplifier circuit. 

 



Chapter II   Transistors Electronic Components

    

WÜA TÅxÄ ZtvxÅ  2024 - 2025      93 

All first, cancel all sources alternatives and open all the capacitors. Then only the circuit remains 

Figure II.29 which is the equivalent circuit in direct current. This is whatever interests us because with 

this circuit, we can calculate any direct current and any direct voltage that interests us. 

 

 

Figure II.29 Direct current equivalent circuit. 

Next, cancel all DC sources and short-circuit all coupling and decoupling capacitors. Then only 

the AC equivalent circuit remains (Figure II.30). Reducing a voltage source to zero is equivalent to the 

court-circuit. That's why R1and RC are shorted to ground in alternating current through source VCC. The 

decoupling capacitor puts the emitter of the circuit of Figure II.30 current and alternating voltage that 

we will need. 

 

Figure II.30 Equivalent circuit in alternating current. 

II.8.3. Dynamic model of the transistor 

Equivalent model of a transistor in alternating mode or dynamic is introduced which is simple to 

use. The equation of the real characteristics is generally complicated and we do an approximation, 

which consists of replacing the curves of the real characteristics by pieces of straight lines. In the 

vicinity of the polarization point, the characteristics are replaced by their tangents at this point. This 

approximation is called small signal. 
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The quadrupole shown in  Figure II.31(a) can then be replaced by the following linear elements 

presented in figure II.31(b): 

 

Figure II.31 (a) Quadrupole and (b) Equivalent diagram of a linear quadrupole . 

 

The common emitter transistor can be considered as a quadrupole as shown in Figure II.32. 

 

 

Figure II.32 Common emitter quadrupole. 

 

If we use the quadrupole theory, we have: 

VBE = f1 (IB,VCE)  

IC = f2 (IB,VCE)  

We have seen that currents and voltages are composed of a continuous quantity and a dynamic 

quantity (alternative): 

"�2 � "�2&O
tension continue 

� P,
Q
tension alternative 

 

If we apply the hypothesis small signals, by their limited development to the 1st order, 

assuming that these functions are differentiable and we know that : 
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Because the base and emitter form forward biased diode, on finds that: 

ℎ�� � WX
Y��

� 25\"
��

 

Because, at 25◦C, kT/q is almost equal to 25mV. On the other hand ℎ�J � 0 ,we know that �� �
� ⋅ ��� , therefore : ℎJ� � �. 

On the other hand, complex calculations will give: 

_ J̀
_"�2

���&, "�2&� � ℎJJ 

�
abb

 is still noted c �
abb

 is homogeneous to a resistance. This resistance is generally very high 

value (0.1 MΩ) and therefore, placed in parallel with another resistance, it will be negligible in front 

of the latter. By replacing the hybrid parameters with their values  in Figure II.31(b),we obtain a simple 

equivalent diagram of the transistor in dynamic mode, as shown in Figure II.33. 

 

 

Figure II.33 Dynamic transistor model for small signals. 

II.8.4. Physical interpretation 

The polarization point being at Q on the basic characteristic of Figure II.34 (a), we apply a small 

variation in base-emitter voltage. The operating point moves from Q to A, then from A to Q, then to B 

and back to Q. This movement is repeated in the next cycle. Since A and B are close to Q, only a small 

arc of the diode characteristic is described. If we uses only a small part of a curve, the operation is 

approximately linear, meaning that the arc between A and B are related to a straight line. Therefore, 

the variations in voltage and current are directly proportional to each other. We will therefore have: 
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where ∆ is variation) and K is the constant of proportionality which is equal to: 

e � WX
Y��&

� 25\"
��&

 

It therefore appears that K is homogeneous to a resistance. This resistance models the base emitter 

diode in small signals, it is noted re or h11. For the polarization point Q in the collector characteristic, 

indicated in Figure 2.17, we will proceed in the same way as before. If we apply a small voltage 

variation ∆VCE, he operating point moves from A to B. Since we use a small part of the curve, the 

operation is approximately linear. We can notice that, this approximation is better than the previous 

one because the shape of the curve is almost linear. We have:  

Δ"�2 � c ⋅ Δ�, 

With ρ homogeneous to a high value resistance (105 Ω). We can therefore give an equivalent 

diagram of the transistor which is illustrated in Figure II.34 (b). 

 

Figure II.34 (a)Graphic meaning of h11 and (b) Graphical meaning of β. 

II.9. Applications of Transistors 

The variety of fields that apply the abilities of transistors reveals the diverse features of this 

component. While the earliest applications were in computers and we first explored using them in 

computer memories, real-world applications quickly broadened. A relatively complete list would 

include: Audio High-fidelity audio amplifiers use them for low distortion and high gain. For example, 

power transistors are used in the output stages of high-quality audio amplifiers. CD recording can be 

controlled to keep distortion down. Digital First as switches in some digital logic circuits in applications 

such as desktop publishing for laser printers, then in all digital circuits, and then alone, completely 
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replacing all other switching devices in digital circuits. RF Of course, the first use in digital logic 

circuits meant that these circuits could be used to modulate and demodulate radio frequency carriers. 

Quite recently, simple short-range radios have been built solely with a digital printer I/O board that 

connects the radio inside their printers. Power Control Of course, power transistors are used in the 

circuitry that makes the rolling of heating wax random. They are a major component of the power 

control circuit that addresses these problems. A dynamic arc compensator that utilizes thyristors has a 

more direct relevance to this chapter. Lasers have made the production of short-run bestsellers a viable 

business option. Given the importance of controlling heating in digital printers, it is not surprising that 

the greatest use of power transistors is helping to control laser output. Power transistors are used in 

comparison for solid-state lasers. Transistors, including power transistors, are used in the amplifiers of 

the pulse forming network in class free-electron lasers. 

II.9.1. Audio Amplification 

A very important task that transistors, particularly bipolar transistors, perform is that of amplifying 

audio signals before they finally reach the loudspeaker that converts them into sound (Figure II.35). 

Without amplification, the signal emerging from the receiver stage is far too small to drive the speaker 

without drowning in hiss and noise. The nature of the operation of bipolar and FET transistors offers 

itself to the convenient amplification of such weak signals. We need to know, then, the limitations that 

are imposed on our use of transistors from a consideration of their properties in relation to their 

application as audio amplifiers.  

From the beginning of electronic audio amplification in the late 1920, it was recognized that some 

bias voltage had to be applied to the inherent diode of the triode tube in order to drive it deep into the 

linear region of its transconductance characteristic in order to achieve an efficient amplifier. Various 

configurations of the two-transistor amplifier have been devised in order to get the most from the 

benefits of applying bias voltages to the transistors.  

These amplifiers are found in all professional and consumer electronics stereo systems and 

commercial amplifiers bridging the full frequency range from 20 Hz to 20 kHz. The newer design trend 

in audio today is fitting stereo systems and amplifiers with a host of digital audio signal processing, 

such as surround sound, echo, reverb, psycho-acoustic effects, room ambiance, and dynamic range 

control, but they all still rely on a transistor sound amplification stage to reproduce sound at the required 

level of quality. The challenging task in transistor audio today is to reduce the THD from the current 

0.5% or so to 0.05%, where the traditional two-transistor cyclic amplification sequence will find a 

formidable challenge. 
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Figure II.35 Audio Amplification circuit. 

II.9.2. Digital Logic Circuits 

Transistors form the basis of the digital logic circuits that are the foundation of modern 

computing. They are useful in digital circuits because their two stable states allow them to readily 

implement binary logic. For example, two transistors can be arranged in such a way that a voltage may 

be present at the output of a circuit if and only if both transistors are in the on state. Such an arrangement 

is called a logic AND gate, and two others are called OR gates and NOT gates (Figure II.36). Such 

transistors with a full "complement" of digital logic gates enable the implementation of digital systems, 

including digital flip-flops that can maintain a state of a digital signal. In addition, when two logical 

inverters are connected in a loop, while in the most common technology, CMOS, the gate dissipates 

very little power when in its stable state, further enabling the realization of large digital systems capable 

of performing complex tasks. There is therefore a "chain of logic" that links the physics of transistor 

devices to our modern digital devices. Digital computers, calculators, and a large variety of other digital 

electronic devices are typically designed and constructed out of the digital logic circuits described 

above. Among the most important features of transistors for such applications are their high reliability, 

speed, and low cost. As a result, the integration of digital transistors into larger systems has been the 

main driving force as they have been "scaled" into modern CMOS technology. The ability to maintain 

the high performance of the digital devices as more transistors are incorporated into the chip without 

significant "collateral" effects is a key question that determines the likely evolution of future digital 

logic. In particular, digital transistors are of great practical interest to the extent that they are able to 

operate correctly and independently of the "activity" of the millions of other transistors within which 

they are situated. Finally, while the digital devices of "classical" logic gates are usually utilized one at 
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a time, the emerging quantum digital devices transistors are being combined into huge arrays in hopes 

of performing many tasks simultaneously. 

 

Figure II.36 Digital Logic Circuits. 

II.9.3. Radio Frequency (RF) Circuits 

In wireless communication systems, the process of transferring baseband signals onto RF carriers, 

modulation, and low-noise amplification hierarchically consume a significant amount of RF energy. 

Generally, transistors can operate at RF frequencies above a few MHz, which makes them favourable 

devices for designing signal modulators and RF low-noise amplifiers. In wireless communication 

systems, a signal modulator (transmitter) and an RF low-noise amplifier circuit are mandatory modules 

in order to rectify and, in turn, demodulate the transmitted data from an RF signal. It is practically 

possible by using a transistor since it has the ability to change a comparatively low input baseband 

signal to an efficient RF modulated signal using efficient modulation techniques. In a transmitter, the 

transistor first operates as a variable resistor, effectively changing the impedance of the RF/antenna 

port using the transmitted baseband signal. As a result, the device will be either modulating amplitude 

or modulating frequency of the signals in addition to varying its phase. Possessing different 

characteristic parameters, the ideal performance of a transistor will also vary with 

frequency/wavelength. Parasitic capacitors and an inductor will become ineffective or fail to operate 

in ideal situations. Real parts of transistors, such as transconductance, gain, and input/output resistance, 

tend to change with frequency. The interest of researchers mainly lies in the characterization of 

transistors either in their full data-scattering parameters or small signal measurements. A primary 

transistor characteristic in RF design indicates the ability of a transistor to amplify the signals. 

Moreover, the transconductance gain of a transistor directly reveals the strength of amplification in a 
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transistor. For a power amplifier (an element in an RF system that boosts the power level of the RF 

signal), a transistor with a high gain value is of prime interest (Figure II.37). 

 

Figure II.37 Radio Frequency (RF) Circuits. 

II.9.4. Power Control Circuits 

Power control circuits regulate the amount of electrical energy employed in a variety of contexts 

(Figure II.38). The primary variable of interest is typically voltage or current, and the goal of the 

regulation is generally one of efficiency, stability, or safety. A fuse, for example, is a rudimentary 

power control component that interrupts current flow should the value of current exceed a predefined 

maximum. In high-power consumer systems, power transistors can be used to manage the power 

distribution. As the name implies, a power transistor is simply a transistor assembled in a large, high-

power package. In many cases, as much as tens of amperes and hundreds of volts may be controlled. 

An equally important issue is heat management. The power transistors themselves will generate a 

substantial amount of power in the form of heat. They must therefore be mounted to a heat sink, which 

will conduct the heat away from the device and into the surrounding air. Various thermal enhancement 

considerations will be made in the packaging of the device and mounting to the heat sink. A typical 

example of a power electronics application is the controllers of your central heating. These usually 

drive a pump or a blower to circulate hot water or air to warm certain parts of your house. They have 

to dissipate hundredths of watts to kilowatts of power, depending on the size of your house and the 

climate. It is not economically reasonable to make them too efficient, but still, the voltage drop and 

power dissipation need to be regulated. One of the most common power control circuits is the voltage 
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regulator. Its main task is to deliver constant voltage from a varying input voltage. Quite often, 

depending on local requirements, these converters are split into input and output stages, which are in a 

majority of cases DC-DC converters. If the power needed is above a few tens of watts, too much heat 

has to be dissipated within the device, which may damage it. Complex protection circuitry can be 

added, but special care is paid to the design in order to withstand larger currents. Also, current transients 

related to IR drop have to be given special attention for useful operation. 

 

Figure II.38 Power Control Circuits. 

II.10. Conclusion and Summary  

Transistor is the most important part of many electronic devices, it plays a central role in modern 

electronics and is widely used in radio, television, computer, mobile phones, and many other small 

electronics. The development and production of different types of transistors is encouraged as per their 

applications. This support will help graduate students to bring new elemental technologies in 

electronics and advancement. Low-cost analogy electronic devices have a variety of applications based 

on field-effect electrolyte-oxide-semiconductor transistors, which have exhibited significant potential 

in current research. The expression of competing device attributes and cost requirement drives 

evolution among electrolytes, electrodes, and their mode of interactions. In recent years, the transistors 

technological challenges become very interesting due to their potential applications in cutting-edge 

devices such as wearable smart devices, biomedical devices, etc. This chapter discussed and introduced 

the transistors and defines the transistors structure and the different kinds of applications, and aims to 

present the advancement of current research about transistors development for postgraduation, 

researchers, and professors. 
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Questions & Answers 

 

1. What is a transistor? 

A transistor is an electrical device that regulates voltage or current flow and also behaves as a gate 

or switch for electronic signals. 

2. Who proposed the idea of a field-effect transistor? 

Julius Edgar Lilienfeld proposed the idea of a field-effect transistor. 

3. What are the important uses of transistors? 

The fundamental use of transistors includes switching applications or both switching and 

amplification. 

4. What are the main types of transistors? 

Bipolar transistors, insulated-gate bipolar transistors and field-effect transistors are the main types 

of transistors. 

5. What are the two types of field-effect transistors? 

Junction field-effect transistors and metal oxide semiconductor field-effect transistors are two types 

of field-effect transistors. 

6. Which type of transistor is called a unipolar transistor? 

FET transistors are also called unipolar transistors since they undergo the operation of a single-

carrier type. 

7. Who invented BJT? 

BJT was invented by W.H Brattin, Bardeen, and William Shockley. 

8.  What are the operating regions of BJT? 

The operating regions of BJT are: 

•  Forward active or active region 

•  Reverse active or inverted region 

•  Saturation 

•  Cut-off 

9. What are the applications of BJT? 

Following are the applications of Bipolar Junction Transistor: 

•  It is used as an amplifier 

•  It is used as an oscillator 



Chapter II   Transistors Electronic Components

    

WÜA TÅxÄ ZtvxÅ  2024 - 2025      103 

•  It is used as a demodulator 

10. What happens if the transistor is not biased properly? 

Following is the list of consequences if the transistor is not biased properly: 

•  The work efficiency of the transistor reduces 

•  There will be a distortion in the output signal 

•  The operating point may shift 

•  Transistor parameters will change 

11. Why is there a maximum limit for the collector supply voltage for a transistor? 

There is a maximum limit for the collector supply voltage for a transistor because when the collector 

current is increased rapidly there are chances of transistor getting damaged. To avoid this, the 

voltage in the collector should have a maximum limit. 

12. How does a transistor work as an amplifier? 

A transistor works as an amplifier by taking in a very small weak signal through the base junction 

and raising the strength of the weak signal. This amplified signal is released through the collector. 

13. What are the functions of a transistor? 

A transistor is a device used for amplifying, controlling and generating electrical signals. 

14. What are the uses of transistors? 

Transistors are used in cameras, hearing aids, watches, cell phones, power regulators, etc. 

15. What is the advantage of JFET over BJT? 

JFET (junction field-effect transistor) has advantages over BJT (bipolar junction transistor) 

including high input impedance, voltage-controlled operation, low noise, thermal stability, 

simplified biasing, and zero input current. 

16. When VGS of a p-channel JFET is increased from 1 to 3 V, …… 

Causes the depletion region to widen, leading to an increase in channel resistance. This is due to the 

enhanced reverse bias that pushes majority carriers away from the gate junction. Thus, both changes 

are linked to the fundamental operation of JFETs. 
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III.1. Introduction  

Amplifiers, and more specifically transistor amplifiers, represent one of the most popular 

properties of transistors. Almost every person makes use of amplifiers in some form or another, even 

if it is just to amplify the sound in a simple stereo system. With advances in technology, these amplifiers 

have shrunk to a level where miniature integrated amplifiers may be found on chips that can almost fit 

on a pinhead. However, it is vital to understand that these miniature amplifiers may not perform the 

way simple transistor amplifiers perform. A thorough grounding in basic principles will make the 

understanding and design of amplifiers much easier. Transistor amplifiers may be used in various 

applications such as in hi-fi systems, audio recording systems, personal music systems, telephones, TV 

sets, radio sets, and many more. A transistor amplifier may be incorporated into another system to 

efficiently process signals. An amplifier may take a weak signal as input and provide a comparable 

output. The output is changed in amplitude, while other parameters may remain the same. It is 

important to note that an amplifier does not change the frequency or distortion of the signal. Although 

the output signal is larger in amplitude compared to the input signal (Figure III.1), an ideal amplifier 

does not add power to the signal; it only redistributes power from the power supply to the signal 

Amplifier is the generic term used to describe a circuit which produces an increased version of its input 

signal. Amplifier circuits are different and  they are classified according to their circuit configurations 

and modes of operation. Generally, amplifiers can be sub-divided into two distinct types depending 

upon their power or voltage gain. One type is called the Small Signal Amplifier which include pre-

amplifiers, instrumentation amplifiers etc. Small signal amplifies are designed to amplify very small 
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signal voltage levels of only a few micro-volts (μV) from sensors or audio signals. The other type are 

called Large Signal Amplifiers such as audio power amplifiers or power switching amplifiers. Large 

signal amplifiers are designed to amplify large input voltage signals or switch heavy load currents as 

you would find driving loudspeakers. In  general the classification of an amplifier depends upon the 

size of the signal, large or small, its physical configuration and how it processes the input signal.  

 

Figure III.1 representative diagram of an amplifier. 

III.2. Transistor Amplifier Configurations 

The transistor amplifier configurations, their characteristics and applications, are briefly 

introduced. There are three differently configured basic amplifiers such as Common Emitter, Common 

Collector and Common Base amplifiers. Each configuration has its own characteristics to suit the 

requirements of different applications. In the Common Emitter amplifier configuration, the input is 

applied between base and emitter and the output is taken between collector and emitter. The Common 

Emitter amplifier is the most popular amplifier configuration because it provides a high voltage gain. 

Therefore, it is widely used in audio applications as well as in radiofrequency applications. When a 

transistor is used in the Common Emitter mode, there is a phase shift of 180 degrees between input and 

output signals. This configuration is usually designed to provide a maximum voltage swing to minimize 

distortion in the amplified output. In the Common Collector amplifier configuration, the input is applied 

between base and collector and the output is taken between emitter and collector. The Common 

Collector amplifier configuration is also known as an Emitter Follower amplifier.  

The Common Collector configuration is widely used when a high current gain is to be achieved 

because the current gain is (β +1) in this configuration. In other words, the CC amplifier configuration 

is used when the load has to be driven directly from a high gain stage. Also, this configuration is used 

for impedance matching purposes since it has a very high input resistance and low output resistance. In 

the Common Base amplifier configuration, the input is applied between emitter and base and the output 

is taken between collector and base.  
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The Common Base amplifier configuration is very rarely used because it has a low input 

impedance and a high output impedance. The most significant feature of the Common Base amplifier 

is that it has a unique input-output relationship compared to the other configurations. The input signal 

is applied to the emitter terminal and the output is obtained at the collector terminal. As a result, this 

configuration is sometimes used to process RF signals which are received through an incoming antenna. 

A comparative study of the three configurations has been included to show the relative merits and 

demerits of each configuration. These three configurations are widely used in practical applications in 

widely used electronic devices such as radios, televisions, microphones, etc. Each of these 

configurations exhibit certain characteristics that make them more desirable in certain circuit 

applications than the others. A qualitative comparison of these three configurations is shown below in 

Table III.1.  

   Table III.1 Qualitative BJT Amplifier Comparison. 

 Common-emitter common-base common-collector 

Input Impedance Medium Low High 

Output 

Impedance 

Medium High Low 

Current Gain High(β) Low(α) High 

Voltage Gain High High Low 

Power Gain High Medium Low 

  

Generally, the common-emitter and common-collector have a lower frequency bandwidth than 

the common-base. This can be attributed to such effects caused by the intrinsic device capacitances and 

how the transistor is configured in relation to these capacitances. A common cause of the loss of 

bandwidth is the Miller effect, which is covered in most analog electronics textbooks.  

III.2.1. Common Emitter Amplifier 

Emphasis is primarily placed on the Common Emitter Amplifier, a configuration of transistor 

amplifier considered to be the most widely used of all amplifier configurations. Despite some 

limitations, it is the most popular transistor amplifier configuration due to its versatility and wide 

application in single-ended amplification. The output can be taken across either a resistor or a bypass 

capacitor parallel to the emitter. As a voltage amplifier, it may be RC coupled, transformer coupled, or 

directly coupled. A Common Emitter transistor amplifier provides high voltage gain, high power gain, 

and high input resistance and is able to drive either a resistive load or an inductive load. Basic operation 



Chapter III   Transistors Amplifiers Electronic Components

   

WÜA TÅxÄ ZtvxÅ  2024 - 2025      107 

is explained with the help of a typical circuit and input-output characteristics. Regarding phase 

inversion, it is discussed how, at low frequencies, the input circuit of the transistor amplifier sees AC 

signals taking ground as a reference point. Therefore, there are input and output voltages with respect 

to ground which result in the Common Emitter transistor amplifier phase inverting the input signal. 

Additionally, an explanation on the different reasons for the Common Emitter Amplifier's popularity 

is provided. After the basic operation of a common emitter amplifier is covered, the potential limitations 

of this configuration are examined. As with any other amplifier, it suffers from limitations in 

bandwidth. Also, at very low input signal levels, distortion results from the approach to the cut-off 

regions of operation.  

Circuit design considerations apply to biasing as it is necessary to set the Q-point for proper 

operation under no-signal conditions. With common emitter amplifiers, this is done using resistor 

biasing which may involve circuit components other than just the transistor. It is clarified the 

component selection regarding the required overall voltage gain, the load-driven design, and the effect 

of transistor current gain on amplifier performance.  

A good simple approximation of the AC input and output resistances is provided as well. Finally, 

as real world applications, the use of common emitter amplifiers in consumer audio amplification and 

telecommunication signal processing is discussed. 

The common-emitter (CE) configuration has the emitter as the common terminal, or ground, to 

an AC signal. CE amplifiers exhibit high voltage gain and high current gain.  

Figure III.2 shows a CE amplifier with voltage-divider bias and coupling capacitors C1 and C3, 

and a bypass capacitor, C2. Vin is capacitively coupled to the base terminal and Vout is capacitively 

coupled from the collector to the load. The amplified output is 180° out of phase with the input. Since 

the AC signal is applied to the base as the input and taken from the collector as the output, the emitter 

is common to both the input and output signals. There is no signal at the emitter because C2 shorts the 

emitter to the ground at the signal frequency. The DC bias values must first be determined and DC 

equivalent circuit is developed by removing the capacitors because they appear open in DC bias. This 

also removes RL and the signal source.  

The DC equivalent circuit of Figure III.2(a) is shown in Figure III.2(b). 



Chapter III   Transistors Amplifiers Electronic Components

   

WÜA TÅxÄ ZtvxÅ  2024 - 2025      108 

 

Figure III.2(a) A common-emitter amplifier  and (b) DC equivalent circuit for the amplifier. 

However, the E/B junction is forward-biased by VBB Band C/B junction is reversed-biased by 

VCC (in fact, same battery VCC can provide dc power for both base and collector. working condition is 

determined by VCC together with RB and RC, when: 

Input Resistance given by the equation ��� � ���, output resistance is r0= RC where �� �
 	
|| 	�, current Gain is 
� � � and voltage gain is  
� � ��

�� . Using Thevenin’s theorem, the bias 

circuit and applying Kirchhoff’s voltage law to the base-emitter circuit,  

��� � �����
����� � 5.19 KΩ 

��� � � ��
������ �

 � 2.83 V 

�� � ������ 
� ���� !⁄ � 3.85 mA 

�
 ≅ �$ � 3.85 mA 

�� � 	��� � 2 V 

�$ % O.7 � 2.7 V 

�
 � �

 & 	
�
 � 8.42 V 

�
� � �
 & �� � 6.42 V 
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In AC equivalent circuit is developed as follows: The capacitors are replaced by effective shorts 

because their values are selected so that XC is negligible at the signal frequency. The DC source is 

replaced by ground. If the internal resistance of the AC source is 0 then all of the source voltage 

appears at the base terminal. If the AC source has a nonzero internal resistance, three factors must be 

taken into account in determining the actual signal voltage at the base: the source resistance (Rs), the 

bias resistance (R1||R2) and AC input resistance at the base of the transistor (Rin(base)). This is illustrated 

in Figure III. 3 and is simplified by combining R1, R2and Rin(base) in parallel to get the total input 

resistance, Rin(tot). 

 

Figure III.3 AC equivalent of the base circuit. 

 

The source voltage, Vs is divided down by Rs and Rin(tot) so that the signal voltage at the base of 

the transistor is found by the voltage-divider formula: 

�' � ( 	��)*+*,	- % 	��)*+*,. �- 

Input Resistance at the Base is: 

	��)'/01, � ������ � �'�'  

The output resistance of the common-emitter amplifier is the resistance looking in at the 

collector. Actually, Rout=RC||r'c but since the internal AC collector resistance, r'c is typically much 

larger than RC, the approximation is usually valid. The AC voltage gain expression for the common-

emitter amplifier is developed using the model circuit in Figure III.4. 


2 � �+3*��� � �4�'  
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Where,  Vc = αac IeRC ≈ IeRC  and Vb=Ie r'e. Thus, we obtain  


2 � 	4�15  

 

Figure III.4 Model circuit for obtaining ac voltage gain. 

Though, with the bypass capacitor, the gain of a given amplifier is maximum and equal to RC/r'e, 

and Without the bypass capacitor, the emitter is no longer at AC ground. RE is seen by the AC signal 

between the emitter and ground and adds to re' in the voltage gain formula. 

 

The effect of RE is to decrease the AC voltage gain. Effect of a Load on the Voltage Gain When 

a resistor, RL, is connected to the output through the coupling capacitor C3 (Fig. 9), it creates a load 

on the circuit. The collector resistance at the signal frequency is effectively RC in parallel with RL. 

The total AC collector resistance is: 

 

The voltage gain expression becomes: 

 

Stability is a measure of how well an amplifier maintains its design values over changes in 

temperature or for a transistor with a different β. There is a stability problem because the AC voltage 

gain is dependent on r'e which in turn depends on IE and temperature. Then r'e increases, the gain 

decreases and vice versa. Swamping r'e to Stabilize the Voltage Gain Swamping is used to minimize 

the effect of r'e without reducing the voltage gain to its minimum value. This method “swamps” out 

the effect on the voltage gain; a compromise between having a bypass capacitor across RE and having 
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no bypass capacitor at all. The total external emitter resistance, RE, is formed with two emitter 

resistors, RE1 and RE2 . In Figure III.5, RE2 is bypassed and RE1 is not. 

 

Figure III.5 Swamped amplifier with a partially bypassed emitter resistance. 

 

If RE1 is at least ten times larger than re' then the effect of r'e is minimized and the approximate 

voltage gain for the swamped amplifier is: 

 

The Effect of Swamping on the Amplifier’s Input Resistance. The AC input resistance, looking 

in at the base of a common-emitter amplifier with RE completely bypassed is Rin = βacr'e. When the 

emitter resistance is partially by passed, 

 

The current gain from base to collector is Ic/Ib or β. The overall current gain of the common-emitter 

amplifier is : 

 

 The overall power gain is the product of the overall voltage gain (Av') and the overall current 

gain (Ai) is: 

 

a) Amplifier Coupling Capacitors 

In Common Emitter Amplifier circuits, capacitors C1 and C2 are used as Coupling Capacitors to 

separate the AC signals from the DC biasing voltage( Figure III.6). This ensures that the bias condition 
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set up for the circuit to operate correctly is not affected by any additional amplifier stages, as the 

capacitors will only pass AC signals and block any DC component. The output AC signal is then 

superimposed on the biasing of the following stages. Also a bypass capacitor, CE is included in the 

Emitter leg circuit. This capacitor is effectively an open circuit component for DC biasing conditions, 

which means that the biasing currents and voltages are not affected by the addition of the capacitor 

maintaining a good Q-point stability. However, this parallel connected bypass capacitor effectively 

becomes a short circuit to the Emitter resistor at high frequency signals due to its reactance. Thus 

only RL plus a very small internal resistance acts as its load increasing voltage gain to its maximum. 

Generally, the value of the bypass capacitor, CE is chosen to provide a reactance of at most, 10-1 the 

value of RE at the lowest operating signal frequency. 

 

Figure III.6 Completed Common Emitter Circuit. 

b) Output Characteristics Curves 

We can now construct a series of curves that show the Collector current, Ic against the 

Collector/Emitter voltage, Vce with different values of Base current, Ib for our simple common emitter 

amplifier circuit. These curves are known as the "Output Characteristic Curves”" and are used to show 

how the transistor will operate over its dynamic range (Figure III.7). A static or DC load line is drawn 

onto the curves for the load resistor RL of 1.2 kΩ to show all the transistor’s possible operating points. 

When the transistor is switched “OFF”, Vce equals the supply voltage Vcc and this is point "B" on the 

line. Likewise, when the transistor is fully "ON" and saturated the Collector current is determined by 

the load resistor, RL and this is point "A" on the line.  
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Figure III.7 Output Characteristics Curves. 

We calculated before from the DC gain of the transistor that the Base current required for the 

mean position of the transistor was 45.8 μA and this is marked as point Q on the load line which 

represents Q-point of the amplifier. We could quite easily make life easy for ourselves and round off 

this value to 50 μA exactly, without any effect to the operating point. We can now construct a series of 

curves that show the Collector current, Ic against the Collector/Emitter voltage, Vce with different 

values of Base current, Ib for our simple common emitter amplifier circuit. These curves are known as 

the "Output Characteristic Curves" and are used to show how the transistor will operate over its 

dynamic range. A static or DC load line is drawn onto the curves for the load resistor RL of 1.2 kΩ to 

show all the transistor’s possible operating points. When the transistor is switched "OFF", Vce equals 

the supply voltage Vcc and this is point "B” on the line. Likewise, when the transistor is fully "ON" and 

saturated the Collector current is determined by the load resistor, RL and this is point "A" on the line. 

We calculated before from the DC gain of the transistor that the Base current required for the mean 

position of the transistor was 45.8 μA and this is marked as point Q on the load line which represents 

the Quiescent point or Q-point of the amplifier. We could quite easily make life easy for ourselves and 

round off this value to 50 μA exactly, without any effect to the operating point. 

Point Q on the load line gives us the Base current Q-point of Ib = 45.8 μA or 4 6μA. We need to 

find the maximum and minimum peak swings of Base current that will result in a proportional change 

to the Collector current, Ic without any distortion to the output signal. As the load line cuts through the 
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different Base current values on the DC characteristics curves we can find the peak swings of Base 

current that are equally spaced along the load line. These values are marked as points "N" and "M" on 

the line, giving a minimum and a maximum Base current of 20 μA and 80 μA respectively. These 

points, "N" and "M" can be anywhere along the load line that we choose as long as they are equally 

spaced from Q. This then gives us a theoretical maximum input signal to the Base terminal of 60 μA 

peak-to-peak. As the Base current Ib changes in a positive direction from 50 μA to 80 μA, the Collector-

emitter voltage, which is also the output voltage decreases from its steady state value of 5.8 volts to 2.0 

volts. Then a single stage Common Emitter Amplifier is also an "Inverting Amplifier" as an increase 

in Base voltage causes a decrease in Vout and a decrease in Base voltage produces an increase in Vout. 

In other words, the output signal is 180o out-of-phase with the input signal. 

III.2.2. Common Collector Amplifier (Emitter-Follower) 

Among the various transistor amplifiers configurations, the Common Collector Amplifier is 

probably the most well-known and widely used after the Common Emitter Amplifier. It is famous for 

its impedance transformation properties: the input impedance is high and the output impedance is low. 

This configuration is also known as Emitter Follower since the output signal follows the input signal 

and is connected to the Emitter terminal of the transistor. This configuration provides a high current 

gain while keeping a low output impedance. Its greatest advantage is as a load driving stage. The output 

stage of most audio power amplifiers is usually a complimentary push-pull Common Collector/Emitter 

Follower pair used to drive a low impedance load like a speaker. However, the output current drive 

ability may sometimes come at the expense of the class of amplifier biasing design, overheating issues, 

and low quiescent current conditions. Moreover, since the output stage is a Common Collector 

configuration, the voltage gain of this particular transistor configuration is about 1 (unity gain) which 

means it cannot amplify a weak signal voltage. But it still has its uses and some advantages over its 

Common Emitter counterpart especially in signal buffering applications where the input and output 

signals are AC coupled as a insulated DC level difference is maintained. This configuration is rather 

simple, widely used in practice, and very useful to know because understanding this configuration will 

make it clearer how to match circuit elements with different impedances since all these matching 

network circuits apply the same principle as this transistor configuration. Also, this configuration is so 

widely used that even some ICs have it internally for input signal processing, reducing the need for an 

external amplifier stage circuitry. To illustrate the principle of this configuration, the input and output 

signals are taken at the Base and Emitter respectively. This is a Basic Common Collector Transistor 

Amplifier with the input signal Vin AC coupling through to Base B and the output signal Vout taken on 
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Emitter E. The transistor is biased with properly selected resistors as to maintain an appropriate Q point 

DC operating level. Consider a small signal AC voltage is injected at the Base. Since the input signal 

is an AC signal, the effect of the DC bias voltage is ignored, thus considering only the small AC signal 

represented as vin. An emitter-follower circuit with voltage-divider bias is shown in Figure III.8. The 

input signal is capacitively coupled to the base, the output signal is capacitively coupled from the 

emitter, and the collector is at ac ground. There is no phase inversion, and the output is approximately 

the same amplitude as the input. 

 

Figure III.8 Emitter follower with voltage-divider bias. 

Capacitive reactance’s are assumed to be negligible at the frequency of operation. 

 

Since the output voltage is at the emitter, it is in phase with the base voltage, there is no inversion 

from input to output. Because there is no inversion and because the voltage gain is approximately 1, 

the output voltage closely follows the input voltage in both phase and amplitude; thus the term emitter-

follower. The emitter-follower is characterized by a high input resistance; this is what makes it a useful 

circuit. 

If  RE >> r'e , Rin(base) is equal to: 

 

 

	��)'/01, ≅ �/4	1  

It can be used as a buffer to minimize loading effects when a circuit is driving a low-resistance 

load. The bias resistors in Figure III.7 appear in parallel with Rin(base), looking from the input source; 

and just as in the common-emitter circuit, the total input resistance is: 

	��)*+*, � 	6//	8//	��)'/01, 
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With the load removed, the output resistance, looking into the emitter of the emitter-follower, 

is approximated as: 

	+3* ≅ 9 	0�/4: // 	1 

Where Rs is the resistance of the input source. The common-collector power gain is the product 

of the voltage gain and the current gain. For the emitter-follower, the power gain is approximately 

equal to the current gain because the voltage gain is approximately 1: Ap=Av Ai. Since Av ≈ 1, the 

power gain is: 


; < 
�  

III.2.3. Common Base Amplifier 

Another configuration with unique properties is the Common Base Amplifier (CBA). This 

configuration is not as widely used as common emitter or common collector but has its specific 

applications. As the name suggests, the Base terminal is common to the input and output. The vast 

majority of the amplifiers discussed so far have used the same principle of operation. However, the 

common base amplifier is fundamentally different from all the other transistor amplifiers discussed. 

Although it is a current control device, it does not have voltage gain, meaning that the input voltage 

and output voltage are in a fixed ratio of less than one (< 1). Thus, the common base amplifier steps 

down the voltage while greatly amplifying the current. This means that the output current is much 

greater than the input current and by a fixed ratio. Such a configuration is used when an application 

needs a step-up current gain as well as a standard voltage gain. The common base amplifier is 

characterized by a highly favorable current gain. The common base configuration is also known as a 

transconductance stage because it takes a voltage signal and produces a current output. This amplifier 

has better high-frequency performance due to the internal transistor capacitance structure and is often 

used in integrated circuit designs.  

However, it has disadvantages: Low input impedance, which is a function of the emitter resistor 

and the transistor current gain; It is hard to design; Biasing is difficult since it requires two biasing 

resistors, similar to the common emitter arrangement. This amplifier works on class A mode similar to 

common emitter and common collector. As the Websimulator does not allow defining the input/output 

impedance, a predefined analysis with the default parameter values will be shown first. The 

input/output characteristics, which show the relationship between the input voltage and output current, 

will be plotted, and then the design consideration will be discussed.  
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The input voltage and input current are Vin and Iin, and the output voltage and output current are 

Vout and Iout. The phase relationship between the input and output can be shown as both characteristics 

share the same direction; thus, the input voltage and output current are in phase, while the input current 

and output voltage are out of phase. A typical common-base amplifier is shown in Figure III.9. The 

base is the common terminal and is at AC ground because of capacitor C2. The input signal is 

capacitively coupled to the emitter. The output is capacitively coupled from the collector to a load 

resistor. 

 

Figure III.9 (a) Common base amplifier with voltage divider bias and (b) AC equivalent model. 

The voltage gain Av from emitter to collector is developed as follows : 

 

 

 

 

 

If RE >> r'e, then : 

 

 

  

The input resistance, Rin, looking in at the emitter, is: 

	��)1=1**1>, � ������ � �1�1 � �1)�15//	1,
�1  

: then, e>> r' ERIf   
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	��)1=1**1>, � �15 

Looking into the collector, the AC collector resistance, r'c, appears in parallel with RC. Typically, 

r'c is much larger than RC, so an approximation for the output resistance Rout is : 

	+3* < 	4  

 Ic is the AC output current, and Ie is the AC input current. Since Ic ≈ Ie , the current gain Ai is 

approximately 1, where: 


� < 1 

Since the current gain is approximately 1 for the common-base amplifier and Ap=AvAi , the 

power gain Ap is approximately equal to the voltage gain, thus: 


; <  
? 

III.3. Operational Amplifiers 

Operational Amplifiers, or Op-Amps, are arguably the most widely used building blocks in all 

of analog electronics. Their versatility allows them to be used in a variety of applications, making 

them the backbone of countless electronic circuits. Almost any job involving the processing of analog 

signals can be handled by an Op-Amp circuit. Consumer, industrial, and scientific electronics all use 

Op-Amps in one form or another. terminal four port active element. The symbol of the op-amp with 

the associated terminals and ports is shown on Figure III.10 (a) and (b).   

 

Figure III.10 (a) Symbol and (b) associated notation of op-amp.  

The operational amplifier (op-amp) is a voltage controlled voltage source with very high gain. It 

is a five terminal four port active element. The symbol of the op-amp with the associated terminals 

and ports The power supply voltages VCC and VEE power the operational amplifier and in general define 
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the output voltage range of the amplifier. The terminals labeled with the “+” and the “-” signs are 

called non-inverting and inverting respectively. The input voltage Vp and Vn and the output voltage Vo 

are referenced to ground. The five terminals of the op-amp form one (complicated) node and if the 

currents are defined as shown on Figure III.10 (a) requires that : 

 In + Ip + Ic− + Io = 0    

Therefore for current balance we must include all currents. This is what defines an active 

element. If we just consider the signal terminals then there is no relationship between their currents. 

In particular,  

 In + Ip + Io ≠ 0     

The equivalent circuit model of an op-amp is shown on Figure III.11 (a). The voltage Vi is the 

differential input voltage Vi = Vp −Vn . Ri is the input resistance of the device and Ro is the output 

resistance. The gain pa configuration of an op-amp is defined as an op-amp circuit without any circuit 

loops that connect the output to any of the inputs. In the absence of any load at the output, the output 

voltage is : 

 Vo = AVi = A Vp ( −Vn)     

Which indicates that the output voltage Vo is a function of the difference between the input 

voltages Vp and Vn. For this reason op-amps are difference amplifiers.  For most practical op-amps 

the open loop DC gain A is extremely high. Figure III.11 (b) relates the output voltage to the input 

voltage is called the voltage transfer curve and is fundamental in designing and understanding 

amplifier circuits.  

 

Figure III.11 (a) Equivalent circuit model and (b) Op-amp voltage transfer characteristics.  

Note the two distinct regions of operation: one around Vi=0V, the linear region where the output 

changes linearly with respect to input, and the other at which changes in Vi has little affect on Vo, the 
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saturation region (non-linear behavior). Circuits with operational amplifiers can be designed to operate 

in both of these regions. In the linear region the slope of the line relating Vo to Vi is very large, indeed 

it is equal to the open loop gain A. For a  op-amp powered with VCC= +10V and VEE= -10V, Vo will 

saturate (reach the maximum output voltage range) at about ±10 V. With an A=200 saturation occurs 

with an input differential voltage of 10/200= 50µV, a very small voltage.  

III.4. Classification of Power Amplifiers 

Transistor power amplifiers handle large signals. Many of them are driven so hard by the input 

large signal that collector current is either cut-off or is in the saturation region during a large portion 

of the input cycle. Therefore, such amplifiers are generally classified according to their mode of 

operation i.e. the portion of the input cycle during which the collector current is expected to flow. On 

this basis, they are classified as: (i) class A power amplifier (ii) class B power amplifier and (iii) class 

C power amplifier. 

III.4.1. Class A Power Amplifier 

 A class A amplifier is biased such that it always operates in the linear region where the output 

signal is an amplified replica of the input signal (Figure III.12). For a small-signal amplifier, the AC 

signal moves over a small percentage of the total AC load line. For a large-signal amplifier, the output 

signal is larger and approaches the limits of the AC load line Both large-signal and small-signal 

amplifiers are considered to be class A if they operate in the linear region at all times. 

 

Figure III.12 Class A amplifier operation. 

If the collector current flows at all times during the full cycle of the signal, the power amplifier 

is known as class A power amplifier. Power devices must dissipate a large amount of internally 

generated heat. For BJT power transistors, the collector terminal is the critical junction: 

 The transistor’s case is always connected to the collector terminal. The case is designed to 

provide a large contact area between it and an external heat sink. 

 Heat from the transistor flows through the case to the heat sink and then dissipates in the 

surrounding air. 
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 Heat sinks vary in size, number of fins, and type of material. Their size depends on the heat 

dissipation requirement and the maximum ambient temperature of transistor operation 

DC and AC load lines intersect at the Q point (Figure III.13(a)). When the Q point is at the 

center of the AC load line, the maximum class A signal can be obtained. This graph shows the AC 

load line with the Q point at its center. IC can vary from its Q point value, ICQ, up to its saturation 

value, Ic(sat), and down to its cutoff value of zero. VCE can swing from its Q-point value, VCEQ, up to 

its cutoff value, Vce(cutoff), and down to its saturation value of near zero. This operation is indicated in 

Figure III.13 (b). The peak value of IC equals ICQ, and the peak value of VCE equals VCEQ in this case. 

This signal is the maximum that can be obtained from the class A amplifier. 

 

Figure III.13  Maximum class A output occurs when the Q point is centered on the AC load line. 

Figure III.14 shows an AC load line with the Q point moved away from center toward saturation. 

The output variation is limited by saturation. IC can only swing up to near saturation and an equal amount 

below ICQ. VCE can only swing down to its saturation value and an equal amount above VCEQ. This situation 

is illustrated in Figure III.14(a). If the amplifier is driven any further, it will "clip" at saturation, as shown 

in Figure III.14(b). 

 

Figure III.14 Q point closer to saturation. 
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Class A Amplifier operation is where the entire input signal waveform is faithfully reproduced 

as the transistor is perfectly biased within its active region. This means that the switching transistor is 

never driven into its cut-off or saturation regions. The result is that the AC input signal is perfectly 

“centred” between the amplifiers upper and lower signal limits as shown below (Figure III.15).  

 

Figure III.15 Class A Amplifier Output Waveform. 

The power gain of an amplifier is the ratio of the output power (power delivered to the load) to 

the input power. In general, power gain is: 

 

Where Ap is the power gain, PL is signal power delivered to the load, and Pin is signal power 

delivered to the amplifier. The power gain can be computed by any of several formulas, depending on 

what is known. Frequently, the easiest way to obtain power gain is from input resistance, load 

resistance, and voltage gain: 

 

Since VL/Vin = Av, thus:  

 

III.4.2. Class A Power Amplifier 

The class B operation is illustrated in Figure III.16, where the output waveform is shown relative 

to the input in terms of time (t). 
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 Figure III.15 Basic class B amplifier operation. 

The Q Point Is at Cutoff, The class B amplifier is biased at the cutoff point so that ICQ =0, 

VCEQ=VCE(cutoff). It is brought out of cutoff and operates in its linear region when the input signal drives 

the transistor into conduction. This is illustrated in Figure III.16 with an emitter-follower circuit where 

the output is not a replica of the input. 

 

Figure III.16 Common-collector class B amplifier. 

The combination of two class B amplifiers working together is called push-pull operation. To 

amplify the entire cycle in Figure III.17, it is necessary to add a second class B amplifier that operates 

on the negative half. There are two common approaches for using push-pull amplifiers: via 

transformer coupling and via complementary symmetry transistors; a matching pair of npn/pnp BJTs.  

 

Figure III.17 Transformer-coupled push-pull amplifiers. 
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Consider the AC load line for Q1 in Figure III.18. The Q point is slightly above cutoff. The AC 

cutoff voltage for a two-supply operation is at VCC with an ICQ as given earlier. Ic(sat) for a two-supply 

operation with a push-pull amplifier is: 

 

The saturation current for DC is the current if the collector to emitter is shorted on both 

transistors. This assumed short across the power supplies obviously would cause maximum current 

from the supplies and implies the DC load line passes almost vertically through the cutoff. Operation 

along the DC load line, such as caused by thermal runaway, could produce such a high current that 

the transistors are destroyed. 

 

 Figure III.18 Load lines for a complementary symmetry push-pull amplifier. 

 One transistor conducts for only one-half of the signal waveform while the other conducts for the 

other or opposite half of the signal waveform. This means that each transistor spends half of its time in 

the active region and half its time in the cut-off region thereby amplifying only 50% of the input signal 

(Figure III. 19). 

  

Figure III.19 Class B Amplifier Output Waveform. 
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III.4.3. Class C Power Amplifier 

The basic concept of class C operation is illustrated in Figure III.20. These amplifiers are biased 

so that conduction occurs for much less than 180°, and are more efficient than either class A or push-

pull class B and class AB; more output power can be obtained from class C operation.  

The output amplitude is a nonlinear function of the input, so class C amplifiers are not used for 

linear amplification. They are generally used in radio frequency (RF) applications, such as oscillators 

that have a constant output amplitude, and modulators, where a high-frequency signal is controlled by 

a low-frequency signal. 

 

 

Figure III.20 Basic class C amplifier operation (noninverting) 

A common-emitter class C amplifier with a resistive load is shown in Figure 21(a). It is biased 

below cutoff with the negative VBB supply. The AC source voltage has a peak value that is slightly 

greater than |VBB|+VBE so that the base voltage exceeds the base-emitter barrier potential for a short 

time near the positive peak of each cycle, as shown in Figure 21(b).  

During this short interval, the transistor is turned on. When the entire AC load line is used, as 

shown in Figure 21(c), the ideal maximum collector current is Ic(sat), and the ideal minimum collector 

voltage is Vce(sat). 

The Class AB Amplifier is a compromise between the Class A and the Class B configurations 

above. While Class AB operation still uses two complementary transistors in its output stage a very 

small biasing voltage is applied to the Base of each transistor to bias them close to their cut-off region 

when no input signal is present (Figure III.22).  

An input signal will cause the transistor to operate as normal within its active region, eliminating 

any crossover distortion which is always present in the class-B configuration. A small biasing 

Collector current (ICQ) will flow through the transistor when there is no input signal present, but 

generally it is much less than that for the Class A amplifier  configuration. Thus each transistor is 

conducting, "ON" for a little more than half a cycle of the input waveform. The small biasing of the 

Class AB amplifier configuration improves both the efficiency and linearity of the amplifier circuit 

compared to a pure Class A configuration above.  
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Figure III.21 Basic class C operation. 

 

 

Figure III.22 Class AB Amplifier Output Waveform. 

We can make a comparison between the most common types of amplifier classifications in the 

table III.2. Amplifiers may also require larger power transistors, more expensive heat sinks, cooling 

fans, or even an increase in the size of the power supply required to deliver the extra wasted power 

required by the amplifier. Power converted into heat from transistors, resistors or any other component 

for that matter, makes any electronic circuit inefficient and will result in the premature failure of the 

device.  So why use a Class A amplifier if its efficiency is less than 40% compared to a Class B 

amplifier that has a higher efficiency rating of over 70%. Basically, a Class A amplifier gives a much 

more linear output meaning that it has, Linearity over a larger frequency response even if it does 

consume large amounts of DC power.)  
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Table III.2 Power Amplifier Classes. 

 

 

III.5. MOSFET Amplifiers 

MOSFET amplifiers are a subclass of amplifiers that use MOSFET technology to process digital 

signals with less power. MOSFET’s are used in amplification processes because they have high input 

impedance and low output impedance, allowing for high voltage gain. Today, MOSFET amplifiers are 

the design choice for 99% of the world's microchips. The simple circuit diagram of a MOSFET 

amplifier is shown in the Figure III.23, in which the drain voltage (VD), drain current (ID), gate-source 

voltage (VGS), and the positions of the gate, source, and drain are indicated by the letters "G", "S", and 

"D". 

 

Figure III.23 MOSFET amplifier circuit. 

In general, MOSFETs operate in the linear/ohmic, cut-off, and saturation regions. In these three 

regions, when MOSFETs are used as amplifiers, they should operate in the ohmic region, where the 

Class  A  B  C  AB  
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180 to 360o  
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At the X-axis 

Crossover 

Point  
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current flowing through the device increases as the applied voltage increases. In this section, the basic 

configurations of MOSFET amplifiers will be studied similar to that of BJT. Previously, it has been 

shown that with the transistor DC biased at the appropriate point (Q point or operating point), linear 

relations can be derived between the small voltage signal and current signal.  

III.5.1. Common Source  MOSFET amplifier  

The common source (CS) MOSFET amplifier is the analogue of the common emitter amplifier 

for BJT. Its popularity arises from its high gain, and that by cascading a number of them, larger 

amplification of the signal can be achieved. Figure III.23(a) shows the small-signal model for the 

common-source amplifier. Here, RD is considered part of the amplifier and is the resistance that one 

measures between the drain and the ground. The small-signal model can be replaced by its hybrid-π 

model as shown in Figure III.23(b). Then the current induced in the output port is : i = −gmvgs as 

indicated by the current source. Thus:  

  vo = −gmvgsRD  

By inspection, one sees that: 

Rin = ∞, vi = vsig, vgs = vi 

Thus the open-circuit voltage gain is : 

 

One can replace a linear circuit driven by a source by its Thevenin equivalence. Then from the 

equivalent circuit model in Figure III.23(b) and the test current method by setting vi = 0, the output 

resistance, which is the Thevenin resistor is : Ro = RD.  

Figure III.23 (a) Small-signal model for a common source MOSFET amplifier and (b) The model 

for the common source amplifier. 
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If now, a load resistor, RL is connected to the output across RD, then the voltage gain proper (also 

called terminal voltage gain), by the voltage divider formula, is : 

 

From the fact that Rin = ∞, then vi = vsig. The overall voltage gain, Gv, is the same as the voltage 

gain proper, Av, namely: 

Gv =  −gm(RD RL) 

The CS MOSFET amplifiers has infinite input impedance (draws no current at DC), and a 

moderately high output resistance (easier to match), and a high voltage gain (a desirable feature of an 

amplifier). Reducing RD reduces the output resistance of a CS amplifier, but unfortunately, the voltage 

gain is also reduced. Alternate design can be employed to reduce the output resistance (to be discussed 

later). CS amplifier suffers from poor high frequency performance, as most transistor amplifiers do. 

 

III.5.2. Common Source Amplifier with a Source Resistance 

As shown in Figure III.24, a T model is used for the equivalent circuit for simplicity. It is seen 

that the input resistance of the circuit is infinite because no gate current flows.  

As a consequence, vi = vsig. However, because of the existence of the source resistance, less of 

the input voltage is divided to vgs, by the voltage divider formula. Thus: 

 

It is seen that Rs can be used to make vgs small so that there is less nonlinear distortion as the small 

signal approximations will become better. The output voltage is generated by the controlled current 

source yielding: 

vo = −iRD 

The current i can be found by:  

 

Thus the open-circuit voltage gain (assume that RD is part of the amplifier) is: 
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The above shows that including the source resistance reduces the amplifier gain by a factor of 

1+gmRs, but linearity and bandwidth performance (to be shown later) will improve. This is called 

negative feedback because when the input voltage vi or vgs attempts to increase, the voltage drop 

across Rs increases reducing vgs. The source resistance is also called source-degeneration resistance. 

Since this is a linear circuit, the Thevenin equivalence of the amplifier looking in from the right 

can be easily found. The open-circuit voltage allows us to easily find the equivalent Thevenin voltage 

source. The equivalent Thevenin resistor is Ro which is just RD in this case. When a load resistor RL 

is added, then the voltage gain proper (also called terminal voltage gain) 

 

Because the input resistance is infinite, hence vi = vsig and the overall voltage gain Gv = Av. 

 

 

 

 

 

 

Figure III.24  (a) CS Amplifier with a source resistance and (b) equivalent circuit T model. 

Summary of the CS Amplifier with Source Resistance:  

The input resistance Rin is infinite, The open-circuit voltage gain, Avo, is reduced by a factor 

of 1 + gmRs , for the same nonlinear distortion, the input signal can be increased by a factor of 1 + 

gmRs compared to without Rs and a s shall be shown later, the high-frequency response of this 

design is improved. 

III.5.3. Common Gate (CG) Amplifier 

The small-signal and a T-model equivalent-circuit common-gate (CG) amplifier is shown in 

Figure III.25. By inspection, the input resistance Rin is given by: 
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Which is typically a few hundred ohms, a low input impedance. The output voltage is: 

 

Hence the open-circuit voltage gain is: 

 

Which is similar to that of the CS amplifier save for a sign change. The output resistance (or the 

Thevenin equivalent resistor) of the circuit is : 

Ro = RD 

When a load resistor RL is connected to the output, the voltage gain proper (terminal voltage gain) 

is then : 

Av = gmRD RL 

Thus the overall voltage gain is: 

 

 

As the input impedance is low, it is good for matching sources with a low input impedance due 

the maximum power theorem, but it draws more current, implying high power consumption from the 

signal source. 

 

Figure III.25 (a) Small-signal model for a common-gate amplifier and (b) The T model equivalent. 
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This is similar to the emitter follower for the BJT, which is used as a voltage buffer. It is a unit-

gain amplifier with a very large input impedance but a smaller output impedance. Therefore it is good 

for matching a high-impedance circuit to a low-impedance circuit. The input source is represented by 

a Thevenin equivalent voltage vsig and resistor Rsig. A load resistor is connected to the output between 

the source and ground. 

Since the gate current is zero for this circuit, 

Rin = ∞ 

Using the voltage divider formula, it is seen that voltage gain proper or terminal voltage gain 

is : 

 

For the open-circuit voltage gain, RL = ∞ and Avo = 1, the output resistance is obtained by replacing 

the proper part of the amplifier with a Thevenin equivalence. To this end, with the use of the test current 

method, the value of vi = 0, and thus : 

Ro = 1/gm 

Because of the infinite input impedance Rin, then vi = vsig, and the overall voltage gain Gv (also 

called the total voltage gain) is the same as the voltage gain proper Av (also called terminal voltage gain) 

 

Since 1/gm is typically small, with large RL, the gain is less than unity, but is close to unity. Hence, 

this is a source follower. 

The following concluding points are in order for the MOSFET and BJT amplifiers. 

•  MOS amplifiers have high input impedance (except for CG amplifiers). This is an advantage 

over BJT amplifiers. 

•  BJT’s have higher transconductance gm than MOSFET’s giving BJT amplifiers higher gains. 

•  Discrete-circuit amplifiers, e.g., circuits assembled on printed-circuit board(PCB), BJT’s are 

prevalent because of their longer history and wider commercial availability. 

•  Because of easier fabrication, integrated circuit (IC) amplifiers are dominated by 

MOSFET’s. 
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•  The CS and CE configurations are best suited for gain amplifiers because of their larger than 

unity gain. A cascade of them can be used to increase the gain. 

•  The addition of Rs in a CS amplifier improves the linearity of the circuit and better high 

frequency performance. 

III.6. Applications of Amplifiers  

An amplifier is a circuit that increases the value of a physical quantity, particularly a voltage or 

current. Signal amplifiers increase the power of weak electrical signals to make them suitable for further 

processing or use, such as in radio receivers, audio equipment, and computers. In an electronic 

amplifier, one electrical quantity controls another quantity. Amplification can be realized using various 

components, including vacuum tubes, transistors, operational amplifiers, and integrated circuit 

amplifiers. Small signal amplifiers accept small input signals and amplify them without significantly 

changing their shape. The transistor configurations used for small signal amplifiers include common 

emitter, common base, and common collector. Large signal amplifiers accept large input signals, and 

the transistor is driven into cutoff or saturation, resulting in a distortion of the input signal shape. Class 

A, B, AB, and C configurations are used for large signal amplifiers. 

III.6.1. Audio Amplifiers 

The simplest arrangements of coupled transistors will yield voltage amplifiers providing an audio 

range bandwidth of more than 50 Hz with reasonable gain figures. A Darlington emitter follower 

configuration with a transistor pair can yield a current gain of 103, and yet have a bandwidth extending 

well into the MHz range. Transistor hybrids in ceramic packages with multiplier. Most low-noise wide 

bandwidth integrated audio preamplifiers can be assembled using low-cost discrete transistors.  

 

Figure III.26 Audio Amplifiers. 

Successful audio amplifier designs must strive for high performance figures, but also take into 

account parameters important to consumer end products. Cost constraints will severely limit package 
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size, and hence cross-sectional area, which compromises heat sinking. Consequently, the output stage 

is often a class B arrangement. Transistor selection is critical, as high hFE, low VCE(sat) devices are 

required. Even with these, careful attention to symmetry in the differential pair, current mirror output 

configuration. A good compromise design must accommodate parameters such as hFE temperature 

coefficient, T, package VBE variation, input and output node capacitance, and class B output cross-over 

conduction delay. Added to these must be included considerations routing of input nodes and power 

supply decoupling, even to the degree of input transistor location relative to the package sealing weld 

to avoid interference. 

III.6.2. Radio Frequency (RF) Amplifiers 

Low level RF amplifiers are used to increase the signal level for proper treatment and 

manipulation. The relevant standard specifications used to qualify the performance of small signal 

amplifiers are: Temperature range usually from – 40 °C to + 125 °C;  DC supply voltage nominal value 

and maximum variation; DC power consumption maximum power at DC supply line; Transistor 

technology type; number of transistors and packages used; Frequency range from DC to > 10 GHz, 

multi-decades covered by a single device; Output level maximum power at the amplifier output; Gain 

and gain flatness ratio between the output and input levels, typically expressed in dB; 1 dB compression 

point output level corresponding to a 1 dB reduced gain; Noise figure ratio between the input and output 

signal-to-noise ratios; Dynamic range potential excursion of the output level; Two-tone third-order 

intercept point measures the amplifier linearity; Input/output or return loss measure of the input/output 

matching characteristics of the amplifier. Nowadays, solid-state technology is used for low/medium 

power applications, up to ≈ 10 GHz. For higher power application, vacuum tube technology still holds.  

 

Figure III.26 Radio Frequency (RF) Amplifiers. 
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Active devices used in solid-state RF amplifiers are bipolar transistors, and low temperature 

grown. Small signal amplifiers generally operate in class A since power efficiency is not an issue in 

this context. Transformers are widely used in RF electronics. They are effective to match lines of 

different impedance with negligible insertion loss, de-couple ground while transmitting RF signals, and 

connect balanced and unbalanced circuits. 

III.6.3. Instrumentation Amplifiers 

Instrumentation amplifiers (in-amps) are a special type of differential amplifiers with additional 

buffering stages at the input. They have three basic characteristics that make them suitable for low level 

differential signal amplification: a very high input impedance, a gain that can be precisely set with a 

single resistor, and a high common mode rejection ratio (Figure III.27). Because of these important 

characteristics, they are commonly used in low level sensor applications, for example, thermocouples 

or RTD sensors and strain gauges. Since sensor signals are typically very low and susceptible to noise, 

amplifier front-end design becomes critical to system performance. Instrumentation amplifiers can be 

designed using either three op-amps or two op-amps with instrumentation input stages. Using two op-

amps, the in-amp architecture requires an additional active device to provide high input impedance, 

which is typically done using a buffer stage. The three op-amp topology is considered classic and is the 

simplest implementation of an instrumentation amplifier. Op-amp A3 is configured as a differential 

stage and provides summation.  

 

Figure III.27 Instrumentation Amplifiers. 

The two other op-amps, A1 and A2, buffer the input signals. The three op-amp in-amp provides 

precise gain matching with a simple resistor configuration. A single resistor RG sets the gain, and the 

input resistor of the difference amplifier stage is designed with an equivalent value. Because of the 

feedback network’s topology, resistors R5, R6, and RG must also satisfy the matching condition, R5 = 

R6, or else the gain would differ and would result in poor performance. 
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III.7. Conclusion and Summary  

Amplifiers form the crux of many electronic systems with a broad range of consumer and 

industrial applications. The basic concepts of amplifiers, as well as the types of amplifiers, were 

discussed and explained with illustrations. Most amplifiers can be categorized as voltage, current, or 

transconductance amplifiers based on the type of input and output signals processed. Similarly, 

amplifiers can be classified as unidirectional or differential amplifiers based on the input signal 

configuration. The operational principles of several commonly used amplifiers were reviewed. The 

important amplifier performance parameters, including gain, bandwidth, slew rate, input impedance, 

and output impedance, were discussed. The influence of performance parameters on amplifier design 

was also highlighted. The small-signal and large-signal equivalent models of bipolar junction 

transistors (BJTs) and MOSFETs were investigated. The small-signal equivalent models were used to 

derive the performance parameters of some commonly used amplifiers. The performance evaluation 

results were compared with the theoretical predictions. Amplifiers form an integral part of many 

consumer and industrial electronic systems. The importance of amplifiers was highlighted through 

some system-level examples. The different types of amplifiers were discussed with detailed operational 

principles and applications. The importance of performance parameters such as gain, bandwidth, slew 

rate, and impedance was highlighted with a few design examples. The evolution of amplifier 

technology from discrete transistors to integrated circuit solutions and the current state-of-the art was 

discussed. The significance of amplifiers in modern electronic systems was highlighted. Amplifiers 

will continue to play an important role in advanced electronic systems with applications in emerging 

areas such as biomedical, automotive, and space exploration. 
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Questions & Answers 

 

1. Define an Amplifier. 

An amplifier is defined as the device which increases the magnitude of the input signal and produces 

a larger electrical output. 

2. Define small signal amplifier. 

The amplifier which operates on small signal is called small signal amplifier small signal indicates 

that the input signal is very small in the range of few mV. 

3.  What do you mean by hybrid parameter? 

•  The input current i1 and the output voltage V2 are taken as independent variables.  

•  The input voltage V1 and the output current i2 are expressed in terms of i1 and V2.  

•  The units of these four parameters are completely different from each other, these parameters 

are called hybrid parameters. 

4. What are the factors affecting h-parameters? 

Transistor type, transistor configuration, operating point, frequency and temperature. 

5. What are the advantages of h-parameter? 

 Easy to measure from static characteristics of transistor; simple conversion from one configuration 

to other; can be used up to radio frequencies and convenient for circuit analysis and design. 

6. List the steps involved in small signal analysis of amplifier. 

Draw the ac equivalent circuit of the amplifier, draw the hybrid equivalent circuit, calculate the input 

impedance, output impedance, current gain and voltage gain. 

7. How ac equivalent circuit is obtained? 

•  Replace the dc voltage source by short circuit 

•  Replace coupling and bypass capacitor by short circuit. 

8. Write the characteristics of CE amplifier. 

•  Good voltage gain 

•  Output voltage is 180° out of phase with input 

•  Good current gain and power gain 

9. List the characteristics of CB amplifier. 

•  Provides voltage gain and power gain 

•  High output impedance and very low input impedance 
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•  No current gain 

10. List the characteristics of CC amplifier. 

•  Provides current gain and power gain 

•  High input impedance and very low output impedance 3. No voltage gain 

11. Why common drain amplifier is called source follower? 

The input signal is applied to the gate terminal and the output terminal is taken from the source 

terminal. The source exactly follows the input signal. Hence it is called as source follower. 

12. Write the properties of common source amplifier. 

•  High input and output impedance 

•  Relatively high small-signal voltage gain. 

•  Very high small-signal current gain. 

13. List the properties of common drain amplifier. 

•  Non inverting amplifier 

•  Very large input impedance 

•  Small output impedance 

•  Voltage gain AV < 1 

•  Large small-signal current gain 

14. Define voltage gain of the cascaded amplifier. 

The voltage gain of the cascaded amplifier is defined as the product of the individual voltage gain 

of each stage. 
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IV.1. Introduction 

Amplifier circuits, in their simplest form, consist of an active two-port device combined with 

passive components. These devices perform some of the most fundamental linear transformations 

encountered in electronics. Given their centrality, amplifiers have been the focus of many analyses, 

both empirical and mathematical. As with most linear systems, the performance of basic amplifier 

circuits was well understood long before integrated circuit technology became dominant. The challenge 

then lay in how to replicate amplifier performance in small and low power integrated circuits. This led 

to major advances in both the finesse of the amplifier circuits themselves, as well as the associated 

design techniques. An amplifier is characterized by a number of parameters, but the most important 

parameters are gain, bandwidth, input impedance, and output impedance. Input impedance is the output 

impedance of the previous stage as seen from the input terminals of the amplifier. Output impedance 

is the output impedance of the amplifier as seen from the output terminals. For the successful and 

desired operation of signal processing from one stage to another, these impedances play a major role. 

In amplifiers, "reactions" can refer to several different concepts, including feedback mechanisms, phase 

shifts, and the interaction of different components within the circuit.  
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IV.2. Importance of Stability and Reactivity in Amplifiers 

In the context of amplifiers, reactions are understood as changes in amplifier output caused by 

fluctuations in influenced characteristics. Influenced characteristics may include temperature 

alterations and fluctuations in supply voltages, bias determination resistors, input or output signal 

levels, or the internal gain of the amplifier. The important notion of stability in amplifiers relates 

directly to reactivity, as stable amplifiers will exhibit less reactivity compared to unsteady amplifiers. 

For a desirable and useful operation of amplifiers, stability is of extreme importance. Stability in 

amplifiers is defined as an amplifier’s ability to maintain the same operating state without self-

generated oscillations despite alterations in influenced characteristics. Generally, oscillations want to 

occur more readily in amplifiers with higher internal gain and phase shift, and these conditions must 

be avoided for a stable operation of amplifiers. Nevertheless, inspired by the ability of amplifiers to 

propagate signals, feedback within amplifiers may be used to create oscillators that regularly regenerate 

the same signal. An understanding of stability is crucial for amplifier applications in communications, 

where the propagation of certain frequencies is desired and oscillations at unwanted frequencies will 

degrade the performance. Therefore, it is necessary to have amplifiers designed with considerations 

that ensure a stable operation, even in practical implementations that involve external components and 

characteristics. 

Reactivity in amplifiers is generally understood as a phase shift between the conditioned input 

and output signals of the amplifier. A typical amplifier’s output voltage is determined by an internal 

gain multiplied by an input voltage. Since the input and output voltages are conditioned by the same 

internal gain, a phase difference occurs as internal gains usually involve phase shift elements. 

Amplifiers may also actively mitigate the effects of some inputs on the outputs, which is implemented 

using feedback. Phase shifts inevitably accompany all propagation elements and will affect the output 

states of the amplifiers. This causes a change in output states given a change in input states and results 

in undesired oscillations if the changes are on a similar time scale. This highlights the importance of 

stability and reactivity, thus providing a basis for further discussion of the involved phase shift and 

feedback in amplifiers. Additionally, it is noted that reactive components are often used in amplifiers 

to tune the desired performance and stability margins. 

IV.3. Feedback in Amplifiers. 

If a portion of the output of an amplifier is fed back to its input, the amplifier is said to have 

feedback. Feedback can be either negative or positive. If the feedback tends to reduce the effect of the 

input signal on output, it is referred to as negative feedback. If the feedback tends to increase the effect 
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of the input signal on output, it is referred to as positive feedback. In most applications, amplifiers 

employ negative feedback. A negative feedback amplifier has good frequency stability. It can also 

stabilize gain against variations in temperature and device parameters. Such an amplifier has reduced 

distortion. In addition to these advantages, a feedback amplifier can be designed to have a specific input 

or output impedance. A feedback amplifier can also be used to increase the bandwidth of cascading 

stages. Power amplifiers without feedback tend to be non-linear for large input signals. Such amplifiers 

have harmonic distortion at the output. Using feedback in these amplifiers linearizes the output 

characteristics. Amplifiers are widely used in various electronic applications to increase signal levels. 

As the states of transistors in wearable devices change, amplifiers must be designed to adapt to these 

changes. Thus, feedback is a vital concept that addresses how the output of an amplifier influences its 

input. Feedback profoundly affects the stability and performance of amplifiers. It is broadly categorized 

into two types: negative and positive feedback. Negative feedback involves returning a portion of the 

output in an inverted form to the input, while positive feedback returns a portion of the output in a non-

inverted form. The two feedback types have profoundly different effects on amplifiers, which are 

detailed in this chapter. Negative feedback reduces distortion in amplifiers and expands the bandwidth 

of amplifiers. However, negative feedback should be carefully applied in the design process since it 

has been found that applying too much negative feedback can make amplifiers inoperable.  

From the perspective of closed-loop gain in amplifiers, negative feedback is analyzed concerning 

its impact on gain stability. Negative feedback reduces the gain sensitivity of an amplifier, which means 

amplifier gain is less affected by variations in amplifier parameters. Positive feedback applies gain 

enhancement to amplify inaudible signals. Still, it also produces other unwanted effects, such as circuit 

oscillation, as designers find out in their transistor amplifier designs. In the regard of gain, positive 

feedback might be useful for amplifier designs in the vicinity of circuit oscillation. However, for most 

amplifier designs, positive feedback should be avoided. Considering the practical implications of 

feedback, simple circuit examples are shown to understand it better.  

The first two examples illustrate the negative feedback effect in amplifiers. The last two examples 

depict how positive feedback is utilized in design, one for gain enhancement and the other for resistance 

enhancement. Illustrating these mechanisms practical applications found in real designs highlights how 

feedback greatly impacts amplifiers. The process of injecting a fraction of output energy of some device 

back to the input is known as feedback. A feedback amplifier is one in which a fraction of the amplifier 

output is fed back to the input circuit.  
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a) For an ordinary amplifier i.e. one without feedback, the voltage gain is given by the ratio of 

the output voltage Vo (or V0) and input voltage Vs . As shown in the block diagram of Figure IV.1, the 

input voltage Vs is amplified by a factor of A to the value Vo of the output, where: 

 

� � ��/��  

 

b) A feedback amplifier generally consists of two parts. They are the amplifier and the 

feedback circuit.  

 

Figure IV.1 Diagram of feedback amplifier.  

Depending on the changes in the output signal when a feedback is applied, we have two different 

types of feedback, namely (i) positive or regenerative feedback and (ii) negative or degenerative 

feedback.  

When the feedback energy (voltage or current) is in phase with the input signal and thus aids it, 

it is called positive feedback. Both amplifier and feedback network introduce a phase shift of 180°. The 

result is a 360° phase shift around the loop, When the feedback energy (voltage or current) is out of 

phase with the input signal and thus opposes it, it is called negative feedback the amplifier introduces 

a phase shift of 180° into the circuit while the feedback network is so designed that it introduces no 

phase shift if the feedback signal is of opposite polarity to the input signal, as shown in Fig.1, negative 

feedback results.  

While negative feedback results in reduced overall voltage gain, a number of improvements are 

obtained, among them being: Higher input impedance, lower output impedance, better stabilized 

voltage gain,  improved frequency response,  reduced noise and more linear operation.  
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IV.3.1. Positive Feedback 

In an amplifier circuit with positive feedback (Figure IV.2), an increase in input always results 

in an increase at the output, and there are always conditions to ensure it functions as an amplifier. 

However, amplifiers may not take input as it is and may unintentionally alter its nature. They might 

just work as oscillators and disregard any form of input signal. Only one feedback system must be 

ensured when designing positive feedback amplifiers, which is there must be only one point of 

negativity in the system. Everything must ensure this point remains stable. It is also important to note 

that the gain from external inputs is insignificant relative to internal gains. The feedback in which the 

feedback energy (voltage or current) is in phase with the input signal and thus aids, it is called as 

Positive feedback. Positive feedback increases the gain of the amplifier and it is also called regenerative 

feedback. However, it has the disadvantages of increased distortion and instability. Therefore, positive 

feedback is seldom employed in amplifiers. One important use of positive feedback is in oscillators. 

As we shall see in the next chapter, if positive feedback is sufficiently large, it leads to oscillations. As 

a matter of fact, an oscillator is a device that converts DC power into AC.  

 

 

  Figure IV.2 Positive Feedback operation. 

 

So, the gain of the amplifier is given as : 

��	 �
�

1 � ��
 

 

This is the gain for a positive feedback amplifier. Moving further when we talk about negative 

feedback amplifier, the source signal and the feedback signal are out of phase with respect to each 

other. Thus the mixer circuit will resultantly produce the difference between the two signal in case of 

a negative feedback amplifier. 
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IV.3.2. Negative Feedback 

Negative Feedback is one of the most powerful techniques available to the designer of amplifiers. 

It consists in feeding back a portion of the output signal to the input, in such a way that the signal fed 

back counteracts the input signal (Figure IV.3). Thus if there is an increase in the output signal, a 

corresponding feedback signal is applied to reduce it, and vice versa. In this way, any change in the 

output which would tend to change the gain will be counteracted by negative feedback. Negative 

feedback can therefore be used to make the gain of an amplifier far less sensitive to other parameters 

which may vary greatly. If at one time a particular design and value of gain is chosen, it will remain 

virtually unchanged for all foreseeable variations in the parameters. In addition to this main property 

of making the gain stable, negative feedback has a number of advantages. First, it will be shown that 

negative feedback reduces the non-linear distortion created by an amplifier. The presence of distortion 

in the output signal means that there is a non-linear relationship between the input and output, and 

therefore between the desired signal and the unwanted terms which it creates. Negative feedback 

counteracts this non-linearity by acting on the output signal, minimising the difference between the 

input and the output. Second, it will be shown that the bandwidth of an amplifier is increased by 

negative feedback. In the simple model of an amplifier as a gain which gradually rolls off with 

frequency, negative feedback compensates for this roll off.  

 

 

Figure IV.3 Positive Feedback operation. 

 

So, in this case, the gain of the amplifier is given as : 

��	 �
�

1 
 ��
 

For a negative feedback, the value of denominator is always greater than 1, this will decrease the 

overall gain of the system by the factor 1 +Aβ. In case of a positive feedback system, the value of 

denominator is always less than 1, this will resultantly increase the overall gain by 1 – Aβ. For an ideal 

system, the gain of the amplifier is infinite. Thus, for a smaller input, we will have a much higher value 
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as output. So, such a large gain is not desirable in the circuit. The system becomes stable only when its 

gain is small. Hence, by decreasing the gain the stability of the system increases and vice-versa. So to 

have a stable system, the gain of the amplifier must be small and it is achieved by employing negative 

feedback in the circuit. 

IV.3.3. Unity Feedback system 

Let us now discuss the case where no any feedback network is employed in the amplifier circuit 

but feedback is provided in the circuit by some physical connection (Figure IV.4). 

 

Figure IV.4 Unity feedback system with (a) positive and (b) negative feedback. 

 

Here, we will have β= 1. So, for positive feedback amplifier: 

��	 �
�

1 � ��
 

And in case of the negative feedback amplifier: 

��	 �
�

1 
 ��
 

Hence we can say that the gain of an amplifier depends on the type of feedback employed in the 

circuit. From the above discussion, we can conclude that a negative feedback is much better than 

positive feedback. However, it is possible to increase the bandwidth with respect to the roll-off 

frequency of the amplifier’s gain itself. The feedback, in which the feedback energy (voltage or current) 

is 180o out of phase with the input and thus opposes it, is called as negative feedback. Negative feedback 

reduces the gain of the amplifier and it is also called degenerative feedback. Advantages of Negative 

Feedback are:  

•  Stability of gain is improved : The output of an ordinary amplifier is easily changed due to 

variations in ambient temperature, frequency and signal amplitude. This changes the gain of the 

amplifier, resulting in distortion. However, by applying negative voltage feedback, voltage gain of 
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the amplifier is stabilized or accurately fixed in value. This can be easily explained. Suppose the 

output of a negative voltage feedback amplifier has increased because of temperature change or due 

to some other reason. This means more negative feedback since feedback is being given from the 

output. This tends to oppose the increase in amplification and maintains it stable. The same is true 

should the output voltage decrease. Consequently, the circuit stability is considerably increased. 

•  Reduction in distortion (amplitude, frequency, phase and harmonic) : A large signal stage has non-

linear distortion because its voltage gain changes at various points in the cycle. The negative voltage 

feedback reduces the nonlinear distortion in large signal amplifiers. It is clear that by applying 

negative voltage feedback to an amplifier, distortion is reduced by a factor 1 + Aβ. 

•  Increase in input impedance : It is clear that by applying negative voltage feedback, the input 

impedance of the amplifier is increased by a factor 1 + Aβ. As Aβ is much greater than unity, 

therefore, input impedance is increased considerably. This is an advantage, since the amplifier will 

now present less of a load to its source circuit. 

•  Decrease in output impedance : It is clear that by applying negative feedback, the output impedance 

of the amplifier is decreased by a factor 1 + Aβ,  This is an added benefit of using negative voltage 

feedback. With lower value of output impedance, the amplifier is much better suited to drive low 

impedance loads. However, it is because of these advantages negative feedback is frequently 

employed in amplifiers. Finally, a disadvantage of negative feedback should also be mentioned. 

For reasons that will become clear, too much feedback will result in instability. It is actually the 

case that all practical systems have some amount of instability. In the case of negative feedback 

amplifiers, they will oscillate if the gain exceeds approximately 40 dB. For this reason closed-

control systems and feedback amplifiers should be designed so that they are stable, as a feedback 

amplifier will oscillate if it is too well designed. 

IV.4. Feedback Connection Types 

There are four basic ways of connecting the feedback signal. Both voltage and current can be fed 

back to the input either in series or parallel. Specifically, there can be: Voltage-series feedback (Figure 

IV.5(a)). Voltage-shunt feedback (Figure IV.5(b)). Current-series feedback (Figure IV.5(c)).  Current-

shunt feedback (Figure IV.5(d)). In the list above, voltage refers to connecting the output voltage as 

input to the feedback network; current refers to tapping off some output current through the feedback 

network. Series refers to connecting the feedback signal in series with the input signal voltage; shunt 

refers to connecting the feedback signal in shunt (parallel) with an input current source. Generally, 

series feedback connections tend to increase the input resistance, while shunt feedback connections 
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tend to decrease the input resistance. Voltage feedback tends to decrease the output impedance, while 

current feedback tends to increase the output impedance.  

  

Figure IV.5 Feedback Connection Types (a)Voltage-series feedback , (b)Voltage-shunt 

feedback, (c) Current-series feedback and (c) Current-shunt feedback (Figure IV.5(d)). 

The gain without feedback, A, is that of the amplifier stage. With feedback, β, the Overall gain 

of the circuit is reduced by a factor (1 + βA), as detailed below. A summary of the gain, feedback factor, 

and gain with feedback of Figure IV.5 is provided for reference in Table IV.1.  

•  Voltage-Series Feedback: From Figure IV.5(a) and Table IV.1, the gain Af is: 

 

 

The gain with feedback is:   

 

 

•  Voltage-Shunt Feedback: From Figure IV.5(b) and Table IV.1, the gain Af is: 
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The gain with feedback is:   

  

•  Current-Series Feedback: From Figure IV.5(c) and Table IV.1, the gain Af is: 

  
The gain with feedback is:   

  

•  Current-Shunt Feedback: From Figure IV.5(d) and Table IV.1, the gain Af is: 

 

 

The gain with feedback is: 

  

 

Table IV.1 Parameters of feedback types. 

 

Parameters 

Feedback Types 

Voltage 

series  
Voltage- shunt  

Current 

series  

Current- 

shunt  

 

Gain without feedback  

 

A          

 

Feedback  

 

β          

 

Gain with feedback  

 

Af          
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IV.4.1. Input Impedance with Feedback 

The input impedance for the connections of Figure IV.5 is dependent on whether series or shunt 

feedback is used. For series feedback, the input impedance is increased, while shunt feedback 

decreases the input impedance.  

•  Series Feedback:  From Figure IV.6 with voltage-series feedback; where: 

 

The input impedance with series feedback is seen to be the value of the input impedance without 

feedback multiplied by the factor (1 + βA) and applies to both voltage-series (Figure IV.5(a)) and 

current-series (Figure IV.5(c)) configurations.  

 

Figure IV.6 voltage-series feedback. 

•  Shunt Feedback: From Figure IV.7 with voltage-shunt feedback; so: 

  

  

This reduced input impedance applies to the voltage-shunt connection of Figure IV.5(b) and the 

current-shunt connection of Figure IV.5(d).  
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Figure IV.7 Voltage shunt feedback. 

IV.4.2.  Output Impedance with Feedback  

The output impedance for the connections of Figure IV.5 is dependent on whether voltage or 

current feedback is used. For voltage feedback, the output impedance is decreased, while current 

feedback increases the output impedance.  

•  Voltage Feedback:  For the voltage-series feedback circuit of Figure IV.6, the output impedance is 

determined by applying a voltage, V, resulting in a current, I, with Vs shorted out (Vs = 0). The 

voltage V is then : 

  

The above equation shows that with voltage feedback the output impedance is reduced from that 

without feedback by the factor (1 +βA).  

•  Current Feedback: From Figure IV.8  with current series feedback, therefore: 
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Figure IV.8 Current series feedback. 

IV.4.3. Gain Stability with Feedback 

The fractional change in amplification with feedback divided by the fractional change without 

feedback is called the sensitivity of the gain. If the equation  Af= A/(1+ βA) is differentiated with respect 

to A, the absolute value of resulting equation is:  

  

   Hence the sensitivity is . This shows that magnitude of the relative change in gain 

with feedback is reduced by the compared to that without feedback. The reciprocal of 

sensitivity is called the desensitivity D, or : 

  

The fractional change in gain without feedback is divided by the desensitivity D when feedback 

is added. In particular, if   >> 1, then : 

  

And the gain may be made to depend entirely on the feedback network. The worst offenders with 

respect to stability are usually the active devices (transistors) involved. If the feedback network contains 

only stable passive elements, the improvement in stability may indeed be pronounced. Table IV.2 
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summarizes the above procedure and should be referred to when carrying out the analyses of the 

feedback circuits. 

IV.4.4. Bandwidth with Feedback 

Amplifier with negative feedback has more bandwidth (βf ) than the amplifier without 

feedback (β). The feedback amplifier has a higher upper 3 dB frequency and smaller lower 3 dB 

frequency (Figure IV.9).  

 

 

Figure IV.9 Amplifier gain bandwidth. 

It is desirable to separate the feedback amplifier into two blocks, the basic amplifier A and the 

feedback network β, because with a knowledge of A and β, we can calculate the important parameters 

of the feedback amplifier, namely, Af, Zif, and Zof. The basic amplifier configuration without feedback 

but taking the loading of the β network into account is obtained by applying the following rules:  

•  To find the input circuit:  Set Vo = 0 for voltage feedback (sampling). In other words, short the 

output node. Set Io = 0 for current feedback (sampling). In other words, open the output loop.  

•  To find the output circuit: Set Vi = 0 for shunt feedback. In other words, short the input node, 

and set Ii = 0 for series feedback. In other words, open the input loop.  
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Table IV.2 summarizes the above procedure the analyses of the feedback circuits. 

 

 

Parameters  

Feedback Types 

Voltage-series  
Voltage- 

shunt  
Current-series  

Current- 

shunt  

Sampled signal Xo  
Voltage ( 

shunt)  

Voltage 

(shunt)  

Current ( 

series)  

Current ( 

series)  

Feedback signal Xf  
Voltage ( 

series)  

Current 

(shunt)  

Voltage ( 

series)  

Current ( 

shunt)  

To find input loop, set  Vo = 0  Vo = 0  Io = 0  Io = 0  

To find output loop, 

set  
Ii = 0  Vi = 0  Ii = 0  Vi = 0  

Signal source  Thevenin  Norton  Thevenin  Norton  

          

          

          

Af         

Zif         

Zof         

  

IV.5. Frequency Response of Amplifiers 

One of the most important aspects of any amplifier is its frequency response. This is also one of 

the most important basic considerations in regard to amplifier performance. As the name implies, the 

frequency response of an amplifier tells how the amplifier responds to signals of different frequency 

components. Understanding the frequency response of amplifiers is essential for the successful design 

and proper use of amplifiers in practice.  

Any practical signal will contain many different frequency components, and an amplifier will 

behave differently with respect to different frequency components.  

The importance of frequency considerations in amplifier design is often neglected by novices 

because of insufficient real world experience. After reading the chapter, it will be understood how the 

low-frequency response, high-frequency response, or both of an amplifier circuit can be modified by 
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the addition of different components in a particular configuration. The bandwidth is defined. Then the 

concepts of cutoff frequency and gain variation are introduced.  

These concepts are essential to understand practical use of amplifiers. There are different types 

of frequency response: flat, peaking, low-frequency roll-off, high-frequency roll-off, and band-pass. 

The basic idea is given to classify amplifier performance as flat or peaking. Considerations of frequency 

response in amplifier design are usually focused on flat response due to low-frequency roll-off, high 

frequency roll-off, or both. As signal frequency increases, cutoff frequency is defined as the frequency 

at which the response drops 3 dB down from its nominal value, and the importance of gain variation 

for frequency response (flat, peaking, or otherwise) is discussed.  

Simple calculations to find the nominal gain and cutoff frequency of some basic circuits are given 

as examples. In addition to basic design problems, frequency response may need to be adjusted to meet 

certain specifications in circuit design. Therefore, techniques to modify frequency response 

characteristics by adding components to the circuit are discussed.  

Initially, the problem is considered as a single-stage amplifier with low-frequency roll-off and 

how bandwidth may be improved by the addition of a circuit paralleled with a component. Then, the 

relationship between frequency response and amplifier stability is discussed, how this problem might 

arise in multi-stage amplifiers, and what precautions need to be taken. 

IV.5.1. Effect of Coupling Capacitors  

Coupling capacitors are in series with the signal and are part of a high-pass filter network. They 

affect the low-frequency response of the amplifier. For the circuit shown in Figure IV.10(a), the 

equivalent circuit for C1 is a high-pass filter, C3 and (RC + RL) form another high-pass filter.  

With FETs, the input coupling capacitor is usually smaller because of the high input resistance. 

The output capacitor may be smaller or larger depending on the drain and load resistor size. For the 

circuit shown in Figure IV.10(b), the equivalent low-pass filter for the input is simply C1 in series with 

RG because the gate input resistance is so high.  
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Figure IV.10 Examples of capacitively coupled  (a) BJT and (b) FET amplifiers.  

IV.5.2. Effect of Bypass Capacitors  

A bypass capacitor causes reduced gain at low frequencies and has a high-pass filter response 

(Figure IV.11). The resistors “seen” by the bypass capacitor include RE, ré , and the bias  resistors. For 

example, when the frequency is sufficiently high XC  and the voltage gain of the CE amplifier is 

Av = Rc/ré . At lower frequencies, XC  and the voltage gain Av = Rc/(ré + Ze).  

 

 

 

Figure IV.11 Nonzero reactance of the bypass capacitor in parallel with RE creates an emitter 

impedance (Ze), which reduces the voltage gain. 

The high frequency response of an amplifier is determined by internal junction capacitances. 

These capacitances form low-pass filters with the external resistors. Sometimes a designer will add an 

external parallel capacitor to deliberately reduce the high frequency response(Figure IV.12).  
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Figure IV.12 Internal transistor capacitances.  

Miller’s theorem states that, for inverting amplifiers, the capacitance between the input and 

output is equivalent to separate input and output capacitances to ground (Figure IV.13).   

 

Figure IV.13 General case of Miller input and output capacitances, C represents Cbc or Cgd.   

Av is the absolute value of the gain. For the input capacitance, the gain has a large effect on the 

equivalent capacitance, which is an important consideration when using inverting amplifiers. Notice 

that the effect of Miller’s theorem is an equivalent capacitance to ground, which shunts high frequencies 

to ground and reduces the gain as frequency is increased (Figure IV.14).  

  

  

 

Figure IV.14 Amplifier ac equivalent circuits showing internal and effective Miller capacitances.  
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Example:  

What is the input capacitance for a 2N3904 inverting amplifier with a gain of 25? Assume the 

values of Cbc= 4pF and Cbe= 6pF.  

 

Solution:  

Cin = Cbc(Av + 1) + Cbe   

Cin = 4 (25 + 1) + 6 =110 pF  

The decibel is a logarithmic ratio of two power levels and is used in electronics work in gain or 

attenuation measurements. Decibels can be expressed as a voltage ratio when the voltages are measured 

in the same impedance.  To express power gain in decibels, the formula is:  

Ap(dB)=10 log Ap 

Sometimes, 0 dB is assigned as a convenient reference level for comparison. Then, other power 

or voltage levels are shown with respect to 0 dB.  

IV.5.3. Low Frequency Response  

In capacitively coupled amplifiers, the coupling and bypass capacitors affect the low frequency 

cutoff. These capacitors form a high-pass filter with circuit resistances. A typical BJT amplifier has 

three high pass filters. For example, the input coupling capacitor forms a high pass filter with the input 

resistance of the amplifier is illustrated in Figure IV.15. 

  

Figure IV.15 Capacitively coupled BJT amplifier. 

 The input RC circuit for the BJT amplifier in Figure IV.15 is formed by C1 and the amplifier’s 

input resistance and is shown in Figure IV.16.  
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The total input resistance is expressed by the following formula:  

Rin(tot) = R1 // R2 // Rin(base) 

  

Figure IV.16 Input RC circuit formed by the input coupling capacitor. 

  

The output RC circuit is composed of the series combination of the collector and load resistors 

with the output capacitor. The cutoff frequency due to the output circuit is :  

 

�c =1 ⁄ 2π(RC + ��)C3 

Example:  

For the circuit in the Figure IV.17, calculate the lower critical frequency due to the input RC 

circuit. Assumed re ́ = 9.6Ω and β=200. Notice that a swamping resistor, RE1, is used (Figure 

IV.17).  

 

Solution: 

 The input resistance is  

 

Rin = R1 //R2 //(β(ŕe + RE1)) = 68Ω //22Ω // (200 (9.6Ω + 33Ω)) = 5.63 kΩ 

 

The lower critical frequency is : 

fci(input) = 1/2πRinC1 = 1/2π(5.63)(0.1) = 282 Hz 

    



Chapter III   Reaction in Amplifiers Electronic Components

   

WÜA TÅxÄ ZtvxÅ  2024 - 2025      159 

 

IV.5.4. High-Frequency Response  

The high frequency response of inverting amplifiers is primarily determined by the transistor’s 

internal capacitance and the Miller effect. The equivalent high-frequency ac circuit is shown for a 

voltage-divider biased CE amplifier with a fully bypassed emitter resistor (Figure IV.18).   

 

 

Figure IV.18 High-frequency equivalent circuit after applying Miller’s theorem.  

If there is an ubypassed emitter resistor, such as RE1 it is shown in the emitter circuit and acts to 

increase ŕe and thus reduce fc. At high frequencies, the input circuit is as shown in Figure IV.19(a), 

where βacŕe is the input resistance at the base of the transistor because the bypass capacitor effectively 

shorts the emitter to ground. By combining Cbe and Cin(Miller) in parallel and repositioning, you get the 

simplified circuit shown in Figure IV.19(b). Next, by thevenizing the circuit to the left of the capacitor, 

as indicated, the input RC circuit is reduced to the equivalent form shown in Figure IV.19(c).   

If there is an unbypassed emitter resistor (RE1 in this case), the Thevenin resistance is modified 

to  Rth = Rs //R1 //R2 //β�� (ŕe + RE1). The high frequency analysis of FETs is similar to that of BJTs. Like 

the CE amplifier, the CS amplifier inverts the signal, so the Miller effect must be taken into account. 
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You may see special circuits such as cascode connections in very high frequency applications to 

minimize the Miller effect. A high frequency ac model of a CS amplifier shown in figure IV.20.   

 

 

  

Figure IV.19 Development of the equivalent high-frequency input RC circuit.  

 

Figure IV.20 High-frequency equivalent circuit after applying Miller’s theorem.  

Cgs simply appears as a capacitance to ac ground in parallel with Cin(Miller), as shown in Figure 

12. Looking in at the drain, Cgd effectively appears in the Miller output capacitance from drain to 

ground in parallel with Rd,  
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Example: 

What is the upper cutoff frequency due to the input circuit? Assume RS=600Ω, ŕe=3.5Ω, β=200, 

Cbe=6 pF, Cbc=3.5 pF, and Av= 9.7 (Figure IV.21).  

 

 

Solution:   

Rth = Rs // R1 //R2 // β(ŕe + RE1) 

= 600Ω //10 kΩ //4.7 Ω //200 (3.5 + 100) = 493Ω 

Cin(tot) = Cbe + CMiller = Cbe + Cbc(Av(mid) + 1)  

= 6 +3.5 (9.7 + 1) = 43pF  

 �c = 1/2πRC = 7.4 MHz 

IV.5.5. Total Amplifier Frequency Response  

The overall frequency response is the combination of three lower critical frequencies due to 

coupling and bypass capacitors and two upper critical frequencies due to internal capacitances. Figure 

IV.22 shows a generalized ideal response curve (Bode plot) for the BJT amplifier. The three break 

points at the lower critical frequencies ( fcl1, fcl2, and fcl3) are produced by the three low-frequency RC 

circuits formed by the coupling and bypass capacitors. The break points at the upper critical 

frequencies, fcu1 and fcu2, are produced by the two high-frequency RC circuits formed by the transistor’s 

internal capacitances..  
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Figure IV.22  BJT amplifier and its generalized ideal response curve (Bode plot). 

For multistage amplifiers, the individual stages have an effect on the overall response.  In general, 

with different cutoff frequencies, the dominant lower cutoff frequency is equal to the highest fcl; the 

dominant upper critical frequency is equal to lowest fcu. When the critical frequencies for multistage 

amplifiers are equal, the lower critical frequency is higher than any one as given by:  

 

And the upper critical frequency is given by:  

 

IV.6. Measurement and Testing Techniques 

The measurement and testing techniques used to evaluate amplifier performance are critical to 

verifying the correctness of designs. In any signal chain, an amplifier is usually the most critical 

component, controlling distortion and noise performance. Therefore, accurate measurement techniques 

are necessary to determine an amplifier's distortion and noise and ensure the integrity of the processed 

signal. This section outlines the most common testing techniques, such as Total Harmonic Distortion 

(THD) and Signal to Noise Ratio (SNR); these techniques can be used as benchmarks to evaluate the 

quality of amplifiers in a variety of applications, from audio to RF. To facilitate future reference, the 

discussion includes standard test setups and procedures used to obtain repeatable and reliable results. 

Emerging measurement technologies that greatly enhance precision and efficiency in gauging amplifier 

performance are also discussed. A basic understanding of testing techniques is essential for designers 

who wish to refine their designs effectively. Specifics of these measurements and techniques will be 

discussed in the following subsections. Testing amplifiers is both a simple and a complicated task. 
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Simplicity arises from the fact that measuring distortion and noise can be done completely with off-

the-shelf test equipment. Usually, a signal generator, a voltmeter or oscilloscope, and a load resistance 

are all that is needed to perform the most simple measurements. Complications arise because, although 

in principle measuring distortion and noise can be done with just a few pieces of equipment, to get 

accurate and meaningful results often requires elaborate setups and an understanding of the pitfalls and 

potential for misleading results. The simplest amplifier measurements that can be performed are gain 

and linearity, and they can be done with an arbitrary function generator and an oscilloscope. Most 

modern amplifiers, however, have non-zero output impedance; hence, measuring input/output 

waveforms without loading the amplifier would require a device with infinite input impedance. 

IV.6.1. THD Measurement 

A measurement that is essential and performed for every amplifier tested, regardless of design or 

application, is total harmonic distortion (THD). THD is a key indicator of performance, quantifying 

how far an amplifier output deviates from an ideal signal. In purely mathematical terms, an ideal 

amplification of a signal can be understood in a Fourier analysis sense as preserving the amplitude, 

phase, and frequency of the input signal’s sinusoidal components. If an amplifier reacts non-ideally 

regarding these parameters, it is said to have distortion. Other reactions of the amplifier will be 

classified as non-ideal behaviour and they will also mean the output signal has distortion, albeit of a 

different kind. Nevertheless, such a situation is still conceivable where an amplifier’s transfer function 

does not exhibit any distortion and correctly interprets the input signal, but the output signal still 

deviates from the input. With importance for music reproduction, this might indicate that although the 

output has no mean distortion, it could still have significant harmonic distortion, meaning that new 

sinusoidal components have been generated at the output whose frequencies are integer multiples of 

the input signal’s frequency. This is exactly what THD measures, in percentage, the extent of such 

harmonic distortion in the output (Figure IV.23). 

Aside from oscilloscopes and FFT analyzers, a simple one-tone signal sweep through the 

bandwidth of the amplifier, with simultaneous measuring and plotting of the output/input gain vs. 

frequency, is a great way to inspect for known problems, irregularities in the response, and passive 

component miscalculations. If the input range is sufficiently large, this can also help expose non-

linearities, as at low frequencies the THD will grow, indicating that the ratio of harmonics in respect to 

the fundamental is increasing. Of course, THD can also be measured in the frequency domain using a 

precision FFT analyzer, a method often preferred by audio companies because it gives a clearer 

overview of the performance over the entire bandwidth. High-end audio equipment typically has a THD 
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of 0.01 % or better, and levels this low are difficult to measure accurately without expensive gear. It is 

important to note any THD results must be interpreted with respect to sound quality and fidelity, as 

there are amplifiers exhibiting very low THD and yet sound unlistenable, while others with THD a 

hundred times greater can sound wonderfully clear. To achieve a good compromise between arguably 

conflicting objectives, great care must be taken in selecting and designing each component. How to go 

about minimizing THD, generally speaking, will now be briefly outlined, starting with the most 

important component, the transistor. 

 

Figure IV.23 Total harmonic distortion. 

IV.6.2. SNR Measurement 

Signal-to-Noise Ratio (SNR) measurement is examined here as one of the most important 

performance metrics when it comes to amplifiers. Simply put, SNR defines the relationship between a 

desired signal and background noise, hence trying to quantify the clearness of the output. The higher 

the SNR level, the clearer the signal is. Because system noise can be an unwanted addition to the output 

audio, SNR becomes vital when taking into account the overall quality of the application. This is 

especially true for more sensitive applications, such that a higher quality microphone would have a 

more difficult time trying to reject noise from outside a desired audio pickup zone. On the contrary, a 

lower SNR would result in more audible noise paired with the desired signal, degrading performance. 

Consequently, all baseline and testing amplifiers under examination would be thoroughly measured for 

SNR levels. Equipment and techniques necessary to adequately measure SNR levels are examined. The 

measurements will rely strongly on the use of a digital audio workstation (DAW) with an audio 

interface that possesses high-quality preamps for inputting audio. The DAW allows for easier playback 

of audio files, as well as recording, monitoring, and providing visualization tools to observe the audio 

collected from the amplifiers. The primary visual monitoring tool will be the FFT display built into the 

DAW. It provides a live frequency-domain view of the audio signal and will help ensure recordings are 

free of clipping/distortion. Because the amplifiers under consideration are single-channel devices, SNR 

measurements will be a per-channel measurement taken using a two-step process. First, the amplifier 
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is fed a quantifiable desired signal and the output is recorded. Then, a silent audio file is played to 

collect a measurement of the background noise floor. These two audio files can then be post-processed 

within the DAW to determine the SNR. Ultimately, continuous SNR measurements on the testing 

platform will lead to a better understanding of how design choices impact the performance of an 

amplifier. Not only this, but high SNR could also be used as a selling point for the module as end users 

take notice of amplifiers that can better maintain signal fidelity. Finally, it should be noted that SNR 

measurement is not common practice within currently reported audio amplifier testing. 

 

Figure IV.24 Signal-to-Noise Ratio (SNR) measurement. 

IV.7. Conclusion and Future Developments 

In conclusion, research on the design and performance of wideband amplifier using 

transconductance boosting techniques is presented. It begins with a detailed analysis of the limitations 

of conventional amplifier topologies designed with transconductance boosting techniques. To help 

designers avoid these limitations, a new approach that employs a differential pair with a wide input 

common-mode range is proposed. Then, transconductance boosting techniques are used to design 

wideband amplifiers in modern technologies. Finally, experimentally verified amplifier circuit 

implementations designed with transconductance boosting techniques are shown, considering the 

constraints imposed by the technological process used and the target application. Future developments 

in operational amplifiers (amplifiers) and amplifier-less circuits will include advances in exploitable 

techniques for low-power designs that achieve high performance. A focus will be made on improved 

voltage gain (A) by exploiting new gain-enhancement techniques, on new compensation schemes for 

high-frequency stability (fT), and on transconductance (gm) stabilization techniques against process, 

voltage variations. These improvements will maintain the essential low-power character of the 

amplifiers and amplifier-less circuits being developed. 
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Questions & Answers 

1. What is meant by feedback? 

A portion of the output signal is taken from the output of the amplifier and is 

combined with the normal input signal. This is known as feedback. Feedback is a part of output is 

sampled and feedback to the input of the amplifier. 

2. Give the different types of feedbacks used in amplifier circuits. 

Positive feedback, and  Negative feedback. 

3. Define the positive feedback. 

When input signal and part of the output signal are in phase, the feedback is called Positive feedback. 

4. Define negative feedback. 

When input signal and part of the output signal are in out of phase, the feedback is called negative 

feedback. 

6. Give classification of amplifiers. 

The amplifiers can be classified into four broad categories: voltage, current, Tranconductance and 

Tranresistance amplifiers. 

7. What is node sampling? 

When the output voltage is sampled by connecting the feedback network in shunt across the output, 

the connection is referred to as voltage or node sampling. 

8. What is loop sampling? 

When the output current is sampled by connecting the feedback network in series with the output, 

the connection is referred to as current or loop sampling. 

9. Define feedback factor or feedback ratio. 

The ratio of the feedback voltage to output voltage is known as feedback factor or feedback ratio. 

10. What is the purpose of mixer network in feedback amplifier? 

The mixer network is used to combine feedback signal and input at input of an amplifier. 

11. What are the advantages of introducing negative feedback? 

•  Input resistance is very high. 

•  Output resistance is low. 

•  The transfer gain Af of the amplifier with feedback can be stabilized against variations of the h 

parameters or hybrid π parameters of the transistors or the Parameters of the others active devices 

used in the amplifiers. 
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•  It improves the frequency response of the amplifiers. 

•  There is a significant improvement in the linearity of operation of the feedback. 

12. What is loop gain or return ratio. 

A path of a signal from input terminals through basic amplifier, through the feedback network and 

back to the input terminals forms a loop. The gain of this loop is the product -A β . This gain is 

known as loop gain or return ratio. 

13. What is sensitivity of the transfer gain? 

The fractional change in amplification with feedback divided by the fractional change without 

feedback is called the sensitivity of the transfer gain. 

14. What is desensitivity? 

The reciprocal of the sensitivity is called the desensitivity D. it is given as D = 1+A β 

15. What is the effect of lower cut-off frequency with negative feedback? 

Lower cutoff frequency with feedback is less than lower cutoff frequency without feedback by factor 

(1+Amid β) 

16. What is the effect of upper cut-off frequency with negative feedback? 

Upper cutoff frequency with feedback is greater than upper cutoff frequency without feedback by 

factor (1+Aβ) 

19. What is the effect of negative feedback on bandwidth? 

 Bandwidth of amplifier with feedback is greater than bandwidth of amplifier without feedback. 
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