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ВСТУП 

 

Дані методичні вказівки щодо виконання практичних занять з навчальної 

дисципліни «Cпецкурс англійської мови» призначені для студентів денної 

форми навчання зі спеціальності 151  «Автоматизація та комп’ютерно-

інтегровані технології» за освітньо-професійною програмою «Комп’ютерно-

інтегровані технологічні процеси і виробництва» освітнього ступеня 

«Бакалавр». 

Мета вказівок – надати студентам допомогу у формуванні іншомовної 

комунікативної компетентності у сфері професійного спілкування, що 

обумовлюється метою викладання навчальної дисципліни «Cпецкурс 

англійської мови» й основними завданнями вивчення цієї навчальної 

дисципліни, а саме: формування лексичного запасу з окреслених тематичними 

модулями тем; розвиток уміння висловлювати свою думку як усно, так і в 

письмовому вигляді; вести бесіду з професійних тем; презентувати результати 

своїх розробок; вільно читати, розуміти й обговорювати тексти з визначеної 

тематики. 

Вправи та завдання спрямовані на активізацію лексичного та 

граматичного матеріалу, розширення словникового запасу за тематикою 

змістових модулів.  

Згідно з вимогами освітньо-професійної програми студенти повинні 

знати: 

– загальновживані терміни та словосполучення з тем тематичних модулів;  

– граматичні ресурси англійської мови;  

– правила словотвору;  

уміти: 

– висловлювати свою думку як усно, так і в письмовому вигляді; 

– вести бесіду на теми тематичних модулів; 

– вільно читати, розуміти й обговорювати професійні тексти; 

– презентувати результати своїх розробок. 
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1 ВИМОГИ ДО ОФОРМЛЕННЯ ЗВІТІВ З ПРАКТИЧНИХ ЗАНЯТЬ  

 

Звіт про виконання практичних занять (далі  звіт) має бути написаний 

студентом власноруч, розбірливим почерком, чисто й охайно, однаковим 

чорнилом (синіми чи фіолетовими) чи пастою на аркушах білого папера 

форматом А4 (210×297 мм) чи комп’ютерним способом (за допомогою 

комп’ютерної техніки) шрифтом Tіmes New Roman, розміром 14 пунктів на 

одному боці аркуша. На одній сторінці допускається не більш ніж три 

виправлення, зроблені охайно та розбірливо (припускається застосування 

коректора). 

Звіт повинен включати: 

– титульну сторінку; 

– тему практичного заняття; 

– мету практичного заняття; 

 виконані завдання; 

 відповіді на контрольні питання. 
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2 ПЕРЕЛІК ПРАКТИЧНИХ ЗАНЯТЬ 

 

Практичні заняття № 1–3 

Тема 1 Electronics Basics. Present Simple and Present Progressive 

Мета: ознайомити студентів з лексикою та теоретичними відомостями, 

закріпити знання студентів із зазначеної теми. 

Короткі теоретичні відомості 

Present Simple and Present Progressive 

Uses of the simple present tense: 

 Permanent truths. We use the simple present for statements that are always true. 

 The present period. We use the simple present to refer to events actions or 

situations which are true in the present period of time and which for all we 

know may continue indefinitely What we are saying in effect, is 'this is the situation 

as it stands at present 

 Habitual actions. The simple present can be used with or without an adverb of 

time to describe habitual actions, things that happen repeatedly. We can be more 

precise about habitual actions by using the simple 

present with adverbs of indefinite frequency (always never, etc.) or with adverbial 

phrases such as every day / sometimes.  

 We commonly use the simple present to ask and answer questions 

which begin with How often. 

 Future reference. This use is often related to timetables and programmes or to 

events in the calendar.  

 Observations and declarations. We commonly use the simple present with 

stative and other verbs to make observations and declarations in the course of 

conversation e.g. hope/assume/suppose/promise.   

Uses of the present progressive tense: 

 Actions in progress at the moment of speaking. We use the present 

progressive to describe actions or events which are in progress at the moment of 
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speaking. To emphasize this, we often use adverbials like now, at the moment, just, 

etc. 

 Temporary situations. The present progressive can be used to describe 

actions and situations which may not have been happening long or which are 

thought of as being in progress for a limited period. We also use the present 

progressive to describe current trends. 

 Planned actions: future reference. We use the present progressive to refer to 

activities and events planned for the future. We generally need an 

adverbial unless the meaning is clear from the context. This use of the present 

progressive is also commonly associated with future arrival and departure and occurs 

with verbs like arrive, come, go, leave, etc. to describe travel arrangements. 

 Repeated actions. The adverbs always (in the sense of 'frequently'), 

constantly, continually, forever, perpetually and repeatedly can be used with 

progressive forms to describe continually-repeated actions. Sometimes there can be 

implied complaint in this use of the progressive when it refers to something that 

happens too often. 

Завдання до теми 

Read the text and name the basic components of electronic circuit. 

An electronic circuit is composed of various types of components. Some of 

these components are termed as active components because they take part in the 

transformation of the energy while other components, which only dissipate or store 

energy, are called as passive elements. The vacuum tubes, rectifier, transistors are 

some of-the common active while the resistances, which dissipate the power and 

energy storing elements such as capacitances and inductances are known as passive 

elements. The transformers may be regarded as a matching device. The success of 

any electronic circuit depends not only on proper selection of the active elements but 

on the passive and matching elements too. The proper function, of an active device is 

decided by the proper values of these passive elements. Hence the selection of these 

elements such as resistances, inductances, capacitance, and transformers not only 

require the proper attention, but also decide the proper function of the active devices 
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as well as the circuit as a whole. Here we shall discuss about some important 

electronic components and their characteristics, particularly used in Biomedical 

instruments. 

ELECTRONIC COMPONENTS: These can be classified into  

Passive Components : Components like resistance, capacitance inductance, and 

fall in this class.  

Active Components : They can be further classified as Semiconductor Devices 

: Semiconductor diode, zener diode, and varactor diode etc. Uni-junction transistor, 

Bipolar junction transistor (BJT), FET, silicon, Controlled rectifier etc. Vacuum Tube 

Devices : Vacuum tube diode, triode, Tetrode, Pentode, Hexode, Heptode etc. Gas 

Tube Devices : Gas diodes, Thyratons etc. Photo Sensitivity Devices : Gas 

photodiodes, photo multiplier tubes, photodiodes, light emitting diode, photosensitive 

transistor etc. Though there are devices, which are specific to particular frequency 

range and applications like microwave devices etc.  

PASSIVE DEVICES:  

RESISTANCES: Resistors can be made to control the flow of current, to work 

as Voltage dividers, to dissipate power and it can shape electrical waves when used in 

combination of other components. Basic unit is ohms, (Ω) . 

RESISTIVE ELEMENTS: Metal alloys, carbon and graphite used with binders 

etc. are the, usual resistive materials. The alloys used as resistance wire usually have 

higher specific resistances than the base metals and have lower temperature 

coefficient of resistance. The three most common types of resistance wire used are 

nickel-copper, nickel. Chromium-aluminum and nickel-chromium. Carbon and 

graphite are used as the basic resistance materials when they are mixed and heated 

with proper variety of resin binders. These types of resistances are generally known 

as composition carbon type’s resistors. The resistive element may be either in the 

form of a film or a solid slug, which consists of a number of conducting particles held 

together by resin. In the film type the base materials may be glass, ceramic and 

plastics. Resistors can be (i) fixed resistors with two ends, (ii) variable resistor or 

potentiometers. Resistors are specified by the value of resistance, in ohms maximum 
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power dissipation in watts, and precision in %. Types: Resistors can be designed in 

many ways by usage, shape, physical construction tolerances, resistances are of the 

following three types i.e.  

VARIABLE RESISTORS: The fixed resistances are those whose values 

cannot be changed. In case of semi 

variable types of resistances their 

values can be changed with help of 

a screwdriver. Semi variable types 

resistances are known as preset. In 

case of the variable resistances 

their values can be changed from 

zero to maximum with the help of a movable arm. Types include : Metal oxide, non 

inductive, carbon composition, carbon film, metal film, deposited film, ceramic, chip 

fixed, variable, trimmer, carmet, miniature, PC Board SPST combination, wire 

wound fixed and variable units, dual potentiometers, power resistors, precision, 

conductive plastic, hybrid and surface mount.  

Resistances in series R = R1 + R2 + R  

Resistances in parallel 1/R = 1/R1 + 1/R2 + 1/R3 + - Voltage drop V = I.R I is 

current,  

Power dissipation P = I
2
 .R = V

2
 /R  

RHEOSTATE : A wire wound pot that can dissipate 5 and more watts is often 

referred to as a rheostat. The resistance wire is wound on an open ring of ceramic 

which is covered with vitreous enable, except for the track of the wiper arm. 

Rheostats are used to control motor speeds, x-ray tube voltages, ovens and many 

other high power applications.  

THERMISTORS: A Thermistor is non-linear resistance made of 

semiconductor material that is extremely sensitive to change in temperature. For a 

small change in body temperature of a Thermistor, there is an appreciable change in 

its resistance, where as most conductors have a positive temperature coefficient, the 

thermistor can exhibits a positive or negative temperature coefficient, (NTC). The 
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thermistor is mostly negative temperature coefficient resistances. The resistances of 

thermistor decreases rapidly for increased temperature. The thermistor are used in 

wide variety of applications. They can be used in measurement and control of 

temperatures, time delay, temperature compensation and liquid level indicators. The 

thermistor is available in the form of a disk, bead, or bolted assembly packages.  

VARISTORS These are voltage dependent 

resistances. They also fall under the category of 

nonlinear resistors. According to the Ohm's Law 

the current is directly proportional to the 

impressed voltage but in case of varistors the 

current is proportional to the nth power of the 

impressed voltage i.e. I α Vn where I is the current 

in Amperes and V is the impressed voltage on the Varistors. Figure-2 shows the V-I 

characteristics of the Varistors.  

Application of the Varistor include voltage surge and protective circuits and 

the generation of non-sinusoidal waveform. The varrstors are made out of silicon 

carbide and is available in:the form of disk, rod or washers.They can withstand and 

d.c.voltage upto 10 kV or so. 

Fig.-3. Show the V-I characteristics of Varistors. 

CAPACITORS: 

It stores the charge across its two plates. Capacitor opposes the change of 

voltage across its plates; the electric field 

developed across the plate opposes the rapid 

change in voltages. It produces phase difference 

between voltage applied to it and the current, 

which passes through it. The current leads the 

voltage by 90o in the ideal capacitance with 

infinite resistance across the plates. (Fig. 3) 
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Design of capacitor is connected with relation of the proper electric material 

for particular type of application. The dielectric material used for capacitors may be 

grouped in the various classes. The dielectric coverage for different value of capacitor 

is shown in fig. 4. 

The value of capacitor never remains constant except under certain fixed 

conditions. It changes with temperature, frequency and ageing. The capacitance value 

marked on the capacitor strictly applies only at specified room temperature 

and at low frequencies. The behavior of capacitor at various frequencies may 

be grouped into the following seven classes. Mica, glass, air, and low loss ceramic 

capacitors are used from few kHz to few hundreds MHz. 

Paper and metalized paper capacitor cover the frequency range from few Hz to 

few hundred kHz. 

High dielectric constant ceramic capacitor can 

only be used between the frequency ranges from 

few kHz to few, hundred of kHz however, they 

can find use from very low frequency to  

1000 kHz. 

Aluminum electrolytic capacitor can find use at 

power frequency from 10Hz to 1000Hz but can be used up to 10 kHz. 

Tantalum electrolytic capacitor may be used from dc to few hundred Hz. 

Polyethylene, tere-phthalate (Mylar), cellulose acetate capacitor may find use 

from few hundred Hz to few MHz. Polystyrene, polyethylene, poly-tetra-fluoro-

ethylene (Teflon) capacitors are used 

from dc to 1000 MHz range. They are 

reported to give satisfactory performance 

even at higher frequencies. 

The capacitance units in farads, G 

F, pF, nF Value of the capacitance is 

given by Its value and the max specify. Voltage which 
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can be safely applied to its When capacitor is put in parallel the over all capacitance 

C is C = C1 + C2 + C3 + ------ and in series  

VARACTORS: (voltage variable capacitors) When a p-n diode is reversed biased the 

depletion, region becomes devoid of free electrons and holes. Thus in such a situation 

the depletion layer may be considered to be layer Figure-5 of dielectric while the p 

and n regions as the plates of capacitors. 

When the reversed biased increased the width of the depletion layer will 

increase, hence the capacitance will decrease. While with reduction of reverse bias 

the capacitance will increase as shown in figure-5. 

Such types of diodes are also known as voltage variable capacitors or 

varactors. The symbol of the varactors diodes in shown in Fig.-6. 

 

Capacitors are named in a number of ways : after the dielectric they use, or 

their application or some physical attribute. 

TRANSFORMERS: 

The transformers used in electronic circuits may be classified into three classes 

depending on their application. Power transformers used with power supplies. 

Audio transformers cover the input and output transformers and isolation 

transformers. 

Pulse transformers used in various types of pulse circuits. 

Table given below shows various types of symbols of transformers.  

INDUCTORS: Like capacitors, inductors also store energy in one part of AC 

cycle and return it during the next part of the cycle.  
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Inductance is that property of a device that reacts against a change in current 

through the device. Inductors are components designed for use in circuits to resist 

changes in current and thus serve important control functions. 
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Inductor designed is based on the principle that a varying magnetic field 

induces a voltage in any conductor in that field. Thus, a practical inductor may 

simply be a coil wire. The current in each loop of the coil produces a magnetic field 

that passes through neighboring loops. If the current through the coil is constant the 

magnetic field is constant and no action takes place. A change in the current, 

however, produces a change in the magnetic field. The energy absorbed or released 

from the changing magnetic field reacts against the change in current, and this is 

exhibited as in induced voltage (electromotive force, emf), which is counter to the 

change in applied voltage. The inductor thus behaves as an impedance to ac current. 

The counter emf is directly proportional to the rate of change of current 

through the coil (VL=L[di/dt]). The proportionality constant is the inductance L, 

which has the unit of henrys (H) In an ac circuit, as shown in, the inductor offers 

reactance to alternating current. The inductive reactance XL has the units of ohms 

and is given by XL = wL = 2πfL.  

Total inductance: L = L1 + L2 + L3  

Inductances in parallel: 1/L = 1/L1 + 1/L2 + 1/L3 

1. Read about semiconductor devices and discuss their characteristics. 

SEMICONDUCTORS DEVICES: 

It is not easy to define a semiconductor if we want to take into account all its 

physical characteristics. However, a semiconductor is defined on the basis of 

electrical conductivity as under A semiconductor is a substance which has resistivity 

(10
-4

 to 0.5'Ω m) in between conductors and insulators e.g. germanium, silicon, 

carbon etc. 

When a semiconductor is neither a good conductor nor an insulator, then why 

not to classify it as a resistance material? The answer shall be readily available if we 

study the following table: 
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Comparing the resistivity of above materials, it is apparent that the resistivity 

of germanium (semiconductor) is quite high as compared to copper (conductor) but it 

is quite low when compared with glass (insulator). This shows that resistivity of a 

semiconductor lies in between conductor and insulators. However, it will be wrong to 

consider the semiconductor as a resistance material. For example, nichrome, which is 

one of the highest resistance material, has resistivity much lower than germanium. 

This shows that electrically germanium cannot be regarded as conductor or 

insulator or a resistance material. This gave a such substances like germanium the 

name of semiconductors. 

It is interesting to note that it not the resistivity alone that decide whether a 

substances semiconductor or not. For example it is just possible to prepare an alloy 

whose resistivity falls within the range of semiconductors but the alloy cannot be 

regarded as a semiconductor. In fact, semiconductors have a number of peculiar 

properties which distinguish them from conductors, insulators and resistance 

materials. 

PROPERTIES OF SEMICONDUCTORS: 

The resistivity of semiconductor is less than an insulator but more than a 

conductor. 

The semiconductors have negative temperature coefficient of resistance i.e. the 

resistance of semiconductor decreases with the increase in temperature and vice 

versa. 

For example germanium is actually an insulator at low temperatures but it 

becomes a good conductor at high temperatures. When a suitable metallic impurity 

(e.g. arsenic, gallium etc.) is added to a semiconductor, its current conducting 

properties change appreciably. This property is most important. 
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Two type of semiconductor material known as P - type and N - type such 

as silicon and germanium. 

 p-type: Impurity Of lower group, it contain excess of holes or deficiency of 

electrons. 

 n-type: impurity of higher group, contains excess of electrons or deficiency 

of holes. 

Контрольні питання 

1. What is resistance? 

2. What is power dissipation?  

3. What are differencies between a varistor and varactor? 

Література: [2, с. 53–70; 3, с. 47–85]. 

 

Практичні заняття № 4–6 

Тема 2 Diodes. Basic Types and Characteristics. Non-progressive Verbs 

Мета: ознайомити студентів з лексикою та теоретичними відомостями, 

закріпити знання студентів із зазначеної теми. 

Короткі теоретичні відомості 

Non-progressive verbs are a group of verbs which give information about mental 

or emotional states or about fixed physical properties. We rarely use them in a 

continuous form. 

 I agree. 

 'Nightmare means 'bad dream'. 

Non-progressive verbs include: 

 opinions and desires: love, hate, like, want, need, believe, prefer, agree 

 Toby wants to go now. 

 I don't need any help. 

 Impressions and sensations: seem, appear, feel, see, hear, smell, sound, taste 

 That doesn't seem right. 

 Do you hear a bell ringing? 
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 mental processes: know, remember, understand, forget, realize, suppose, think 

 Do you realize what day it is today? 

 Ah yes, I remember now. 

 values, properties and characteristics: contain, own, belong, cost, has/has got, mean, 

equal, depend (on), exist, weigh, measure, come from, matter 

 Five plus five equals ten. 

 How much does that ring cost? 

Action verbs describe events and processes which happen and change. We can use them 

in a simple or continuous form. 

 Linda cuts my hair. (= usually) 

 Linda's cutting my hair. (= now) 

Some verbs have a state meaning and an action meaning. 

 

Завдання до теми 

1. Read about diode and its characteristics. Learn new words and phrases.  

Ideal Diodes 

The key function of an ideal diode is to control the direction of current-flow. 

Current passing through a diode can only go in one direction, called the forward 

direction. Current trying to flow the reverse direction is blocked. They’re like the 

one-way valve of electronics. 
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If the voltage across a diode 

is negative, no current can flow*, and 

the ideal diode looks like an open 

circuit. In such a situation, the diode is said to be off or reverse biased. 

As long as the voltage across the diode isn’t negative, it’ll “turn on” and conduct 

current. Ideally* a diode would act like a short circuit (0V across it) if it was 

conducting current. When a diode is conducting current it’s forward biased 

(electronics jargon for “on”). 

The current-voltage relationship of an ideal diode. Any negative voltage 

produces zero current – an open circuit. As long as the voltage is non-negative the 

diode looks like a short circuit. 

Ideal Diode Characteristics 

Operation Mode On (Forward biased) Off (Reverse biased) 

Current Through I>0 I=0 

Voltage Across V=0 V<0 

Diode looks like Short circuit Open circuit 

 

Circuit Symbol 

Every diode has two terminals – connections on each end of the component – 

and those terminals are polarized, meaning the two terminals are distinctly different. 

It’s important not to mix the connections on a diode up. The positive end of a diode is 

called the anode, and the negative end is called the cathode. Current can flow from 

the anode end to the cathode, but not the other direction. If you forget which way 

current flows through a diode, try to remember the mnemonic ACID: “anode current 

in diode” (also anode cathode is diode). 

The circuit symbol of a standard diode is a triangle 

butting up against a line. There is a variety of diode 

types, but usually their circuit symbol will look 

something like this: 

The terminal entering the flat edge of the triangle represents the anode. Current 

flows in the direction that the triangle/arrow is pointing, but it can’t go the other way. 

https://learn.sparkfun.com/tutorials/diodes#idealNotReal
https://learn.sparkfun.com/tutorials/diodes#idealNotReal
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Above are a couple simple diode 

circuit examples. On the left, diode D1 

is forward biased and allowing current 

to flow through the circuit. In essence it 

looks like a short circuit. On the right, 

diode D2 is reverse biased. Current 

cannot flow through the circuit, and it 

essentially looks like an open circuit. 

 

Real Diode Characteristics 

Ideally, diodes will block any and all current flowing the reverse direction, or 

just act like a short-circuit if current flow is forward. Unfortunately, actual diode 

behavior isn’t quite ideal. Diodes do consume some amount of power when 

conducting forward current, and they won’t block out all reverse current. Real-world 

diodes are a bit more complicated, and they all have unique characteristics which 

define how they actually operate. 

Current-Voltage Relationship 

The most important diode characteristic is its current-voltage (i-v) relationship. 

This defines what the current running through a component is, given what voltage is 

measured across it. Resistors, for example, have a simple, linear i-v 

relationship…Ohm’s Law. The i-v curve of a diode, though, is entirely non-linear. It 

looks something like this:  

Depending on the voltage applied across it, a diode will operate in one of three 

regions: 

1. Forward bias: When the voltage across the diode is positive the diode is 

“on” and current can run through. The voltage should be greater than the forward 

voltage (VF) in order for the current to be anything significant. 

https://learn.sparkfun.com/voltage-current-resistance-and-ohms-law/ohms-law
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The current-voltage relationship of a diode.  

2. Reverse bias: This is the “off” mode of the diode, where the voltage is 

less than VF but greater than -VBR. In this mode current flow is (mostly) blocked, 

and the diode is off. A very small amount of current (on the order of nA) – called 

reverse saturation current – is able to flow in reverse through the diode. 

3. Breakdown: When the voltage applied across the diode is very large and 

negative, lots of current will be able to flow in the reverse direction, from 

cathode to anode. 

Forward Voltage 

In order to “turn on” and conduct current in the forward direction, a diode 

requires a certain amount of positive voltage to be applied across it. The typical 

voltage required to turn the diode on is called the forward voltage (VF). It might also 

be called either the cut-in voltage or on-voltage. 

As we know from the i-v curve, the current through and voltage across a diode 

are interdependent. More current means more voltage, less voltage means less 

current. Once the voltage gets to about the forward voltage rating, though, large 

increases in current should still only mean a very small increase in voltage. If a diode 

is fully conducting, it can usually be assumed that the voltage across it is the forward 

voltage rating. 

A specific diode’s VF depends on what semiconductor material it’s made out of. 

Typically, a silicon diode will have a VFaround 0.6-1V. A germanium-based diode 

https://cdn.sparkfun.com/assets/4/4/a/5/b/5175b518ce395f2d49000000.png
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might be lower, around 0.3V. The type of diode also has some importance in defining 

the forward voltage drop; light-emitting diodes can have a much larger VF, while 

Schottky diodes are designed specifically to have a much lower-than-usual forward 

voltage. 

Breakdown Voltage 

If a large enough negative voltage is applied to the diode, it will give in and 

allow current to flow in the reverse direction. This large negative voltage is called 

the breakdown voltage. Some diodes are actually designed to operate in the 

breakdown region, but for most normal diodes it’s not very healthy for them to be 

subjected to large negative voltages. For normal diodes this breakdown voltage is 

around -50V to -100V, or even more negative. 

Diode Datasheets 

All of the above characteristics should be detailed in the datasheet for every 

diode. For example, this datasheet for a 1N4148 diode lists the maximum forward 

voltage (1V) and the breakdown voltage (100V) (among a lot of other information): 

 

http://www.vishay.com/docs/81857/1n4148.pdf
https://cdn.sparkfun.com/assets/f/a/8/d/7/51781a6dce395f010e000000.png
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A datasheet might even present you with a very familiar looking current-

voltage graph, to further detail how the diode behaves. This graph from the diode’s 

datasheet enlarges the curvy, forward-region part of the i-v curve. Notice how more 

current requires more voltage: 

That chart points out another 

important diode characteristic – the 

maximum forward current. Just like any 

component, diodes can only dissipate so 

much power before they blow. All diodes 

should list maximum current, reverse 

voltage, and power dissipation. If a diode 

is subject to more voltage or current than 

it can handle, expect it to heat up (or 

worse; melt, smoke,…). 

Some diodes are well-suited to high currents – 1A or more – others like the 

1N4148 small-signal diode shown above may only be suited for around 200mA. 

That 1N4148 is just a tiny sampling of all the different kinds of diodes there 

are out there. Next we’ll explore what an amazing variety of diodes there are and 

what purpose each type serves. 

2. Learn types of diode and compare their characteristics. 

Normal Diodes 

Standard signal diodes are among the most basic, average, no-frills members 

of the diode family. They usually have a medium-high forward voltage drop and a 

low maximum current rating. A common example of a signal diode is the1N4148. 

Very general purpose, it’s got a typical forward voltage drop of 0.72V and a 300mA 

maximum forward current rating. 

http://www.sparkfun.com/products/8588
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A small-signal diode, the 1N4148. Notice the black circle around the diode, 

that marks which of the terminals is the cathode. 

A rectifier or power diode is a standard diode with a much higher maximum 

current rating. This higher current rating usually comes at the cost of a larger forward 

voltage. The 1N4001, for example, has a current rating of 1A and a forward voltage 

of 1.1V. 

 

A 1N4001 PTH diode. This time a gray band indicates which pin is the 

cathode. 

And, of course, most 

diode types come in 

surface-mount varieties as 

well. You’ll notice that 

every diode has some way (no matter how tiny or hard to see) to indicate which of the 

two pins is the cathode. 

Light-Emitting Diodes (LEDs!) 

The flashiest member of the diode family must be the light-emitting diode 

(LED). These diodes quite literally 

light up when a positive voltage is 

applied. 

A handful of through-hole LEDs. 

From left to right: a yellow 3mm, blue 

5mm, green 10mm, super-bright red 

https://cdn.sparkfun.com/assets/1/f/4/b/0/51781f40ce395ff110000000.png
http://www.sparkfun.com/products/8589
https://cdn.sparkfun.com/assets/b/e/b/4/1/517820f8ce395f190e000000.png
https://learn.sparkfun.com/tutorials/light-emitting-diodes-leds
https://learn.sparkfun.com/tutorials/light-emitting-diodes-leds
https://www.sparkfun.com/products/532
https://www.sparkfun.com/products/11372
https://www.sparkfun.com/products/11372
https://www.sparkfun.com/products/8861
https://www.sparkfun.com/products/528
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5mm, anRGB 5mm and a blue 7-segment LED. 

Like normal diodes, LEDs only allow current through one direction. They also 

have a forward voltage rating, which is the voltage required for them to light up. The 

VF rating of an LED is usually larger than that of a normal diode (1.2~3V), and it 

depends on the color the LED emits. For example, the rated forward voltage of 

a Super Bright Blue LED is around 3.3V, while that of the equal size Super Bright 

Red LED is only 2.2V. 

You’ll obviously most-often find LEDs in 

lighting applications. They’re blinky and fun! But 

more than that, their high-efficiency has lead to 

widespread use in street lights, displays, 

backlighting, and much more. Other LEDs emit a 

light that is not visible to the human eye, like 

infrared LEDs, which are the backbone of most 

remote controls. Another common use of LEDs is in 

optically isolating a dangerous high-voltage system 

from a lower-voltage circuit. Opto-isolators pair an infrared LED with a photosensor, 

which allows current to flow when it detects light from the LED. Below is an 

example circuit of an opto-isolator. Note how the schematic symbol for the diode 

varies from the normal diode. LED symbols add a couple arrows extending out from 

the symbol. 

Schottky Diodes 

Another very common diode is the Schottky diode. The semiconductor 

composition of a Schottky diode is slightly different from a normal diode, and this 

results in a much smaller forward voltage drop, which is usually between 0.15V 

and 0.45V. They’ll still have a very large breakdown voltage 

though. 

Schottky diodes are especially useful in limiting losses, 

when every last bit of voltage must be spared. They’re unique 

https://www.sparkfun.com/products/528
https://www.sparkfun.com/products/10820
https://www.sparkfun.com/products/9191
http://www.sparkfun.com/products/529
http://www.sparkfun.com/products/528
http://www.sparkfun.com/products/528
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enough to get a circuit symbol of their own, with a couple bends on the end of the 

cathode-line. 

Zener Diodes 

Zener diodes are the weird outcast of the diode family. They’re usually used to 

intentionally conduct reverse current. Zener’s are designed to have a very precise 

breakdown voltage, called the zener breakdown or zener voltage. When enough 

current runs in reverse through the zener, the voltage drop across it will hold steady at 

the breakdown voltage. 

Taking advantage of their breakdown property, Zener diodes are often used to 

create a known reference voltage at 

exactly their Zener voltage. They can 

be used as a voltage regulator for 

small loads, but they’re not really 

made to regulate voltage to circuits 

that will pull significant amounts of 

current. 

Zeners are special enough to get their own circuit symbol, with wavy ends on 

the cathode-line. The symbol might even define what, exactly, the diode’s zener 

voltage is. Here’s a 3.3V zener diode acting to create a solid 3.3V voltage reference: 

Photodiodes 

Photodiodes are specially constructed diodes, which capture energy from 

photons of light (see Physics, quantum) to generate electrical current. Kind of 

operating as an anti-LED. 

A BPW34 photodiode (not the quarter, 

the little thing on top of that). Get it under the 

sun and it can generate about few µW’s of 

power!. 

Solar cells are the main benefactor of 

photodiode technology. But these diodes can 

also be used to detect light, or even communicate optically. 
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Read and discuss diodes application in different fields. 

For such a simple component, diodes have a huge range of uses. You’ll find a 

diode of some type in just about every circuit. They could be featured in anything 

from a small-signal digital logic to a high voltage power conversion circuit. Let’s 

explore some of these applications. 

Rectifiers 

A rectifier is a circuit that converts alternating current (AC) to direct current 

(DC). This conversion is critical for all sorts of household electronics. AC signals 

come out of your house’s wall outlets, but DC is what powers most computers and 

other microelectronics. 

Current in AC circuits literally alternates – quickly switches between running 

in the positive and negative directions – but current in a DC signal only runs in one 

direction. So to convert from AC to DC you just need to make sure current can’t run 

in the negative direction. Sounds like a job for DIODES! 

A half-wave rectifier can be made out of just a single diode. If an AC signal, 

like a sine wave for example, is sent through a diode any negative component to the 

signal is clipped out. 

 

Input (red/left) and output (blue/right) voltage waveforms, after passing 

through the half-wave rectifier circuit (middle). 

A full-wave bridge rectifier uses four diodes to convert those negative humps 

in the AC signal into positive humps. 

 

https://learn.sparkfun.com/tutorials/alternating-current-ac-vs-direct-current-dc
https://learn.sparkfun.com/tutorials/alternating-current-ac-vs-direct-current-dc
https://cdn.sparkfun.com/assets/2/9/2/f/3/5176f4bfce395f3a61000000.png
https://cdn.sparkfun.com/assets/d/2/2/3/b/5176fdc5ce395f5248000000.png
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The bridge rectifier circuit (middle), and the output wave form it creates 

(blue/right). 

Reverse Current Protection 

Ever stick a battery in the 

wrong way? Or switch up the red 

and black power wires? If so, a 

diode might be to thank for your 

circuit still being alive. A diode 

placed in series with the positive side of the power supply is called a reverse 

protection diode. It ensures that current can only flow in the positive direction, and 

the power supply only applies a positive voltage to your circuit. 

This diode application is useful when a power supply connector isn’t polarized, 

making it easy to mess up and accidentally connect the negative supply to the 

positive of the input circuit. 

The drawback of a reverse protection diode is that it’ll induce some voltage 

loss because of the forward voltage drop. This makes Schottky diodes an excellent 

choice for reverse protection diodes. 

Logic Gates 

Forget transistors! Simple digital logic gates, like the AND or the OR, can be 

built out of diodes. 

For example, a diode two-input OR gate can be constructed out of two diodes 

with shared cathode nodes. The output of the logic circuit is also located at that node. 

Whenever either input (or both) is a logic 1 

(high/5V) the output becomes a logic 1 as well. 

When both inputs are a logic 0 (low/0V), the 

output is pulled low through the resistor. 

An AND gate is constructed in a similar 

manner. The anodes of both diodes are connected 

together, which is where the output of the circuit is 

located. Both inputs must be logic 1 forcing 

https://learn.sparkfun.com/tutorials/digital-logic/combinational-logic
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current to run towards the output pin and pull it 

high also. If either of the inputs are low, current 

from the 5V supply runs through the diode. 

For both logic gates, more inputs can be 

added by adding just a single diode. 

Flyback Diodes and Voltage Spike 

Suppression 

Diodes are very often used to limit potential 

damage from unexpected large spikes in voltage. Transient-voltage-suppression 

(TVS) diodes are specialty diodes, kind of like zener diodes – lowish breakdown 

voltages (often around 20V) – but with very large power ratings (often in the range of 

kilowatts). They’re designed to shunt currents and absorb energy when voltages 

exceed their breakdown voltage. 

Flyback diodes do a similar job of 

suppressing voltage spikes, specifically those 

induced by an inductive component, like a motor. 

When current through an inductor suddenly 

changes, a voltage spike is created, possibly a very 

large, negative spike. A flyback diode placed 

across the inductive load, will give that negative 

voltage signal a safe path to discharge, actually looping over-and-over through the 

inductor and diode until it eventually dies out. 

That’s just a handful of applications for this amazing little semiconductor 

component. 

Контрольні питання 

1. What is a diode? 

2. Which are its main characteristics? 

3. Which types of diode do you know? 

Література: [ 2, с. 71–101; 3, с. 86–132]. 
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Практичні заняття № 7–9 

Тема 3 Transistors. Types and Basic Characteristics. Past Simple and Past 

Progressive 

Мета: ознайомити студентів з лексикою та теоретичними відомостями, 

закріпити знання студентів із зазначеної теми. 

Короткі теоретичні відомості 

Use Past Simple 

• to talk about finished events in the past, when we think about a definite time. 

Alexander's army marched beside the river and then stopped outside the city 

• to describe the events in a story. 

Oliver heard the 50und of a bell. Soon afterwards, the door softly opened. 

• to describe habits and routines in the past. We usually use a time word or phrase. 

Leonardo painted in his studio every day. 

Subject and object questions are bot h possible with past simple (see Unit 1). 

What did Leonardo paint? object question: + auxiliary did 

Who painted this portrait? subject question: no auxiliary did 

Use Past Continuous 

• for a continuing unfinished action in the past. 

When Sue arrived at 930 am, four people were waiting outside the office. 

• for a continuing unfinished action interrupted by a sudden past action. 

While we were doing the maths test, the fire alarm went off 

• for activities as background description. 

The rainforest was fuli of saunds. Birds were calling from the trees and 

thousands of insects were buzzing and humming. 

• for two continuing events happening at the same time. 

While Cortes was ta/king to the emperor; his army was taking over the palace. 

while, when 

• Usewhile with past continuous for the time the event was happening. 

• Usewhen with past simple for actions. 

• We can use other more descriptive time phrases instead of when. 
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At the moment the earthquake struck, most people were going about thelr 

normallives. 

Завдання до теми 

1. Read about transistors and learn new words and phrases 

Transistors make our electronics world go ‘round. They’re critical as a control 

source in just about every modern circuit. Sometimes you see them, but more-often-

than-not they’re hidden deep within the die of an integrated circuit. In this tutorial 

we’ll introduce you to the basics of the most common transistor around: the bi-polar 

junction transistor (BJT). 

In small, discrete quantities, 

transistors can be used to create 

simple electronic switches, digital 

logic, and signal amplifying 

circuits. In quantities of thousands, 

millions, and even billions, 

transistors are interconnected and 

embedded into tiny chips to create 

computer memories, microprocessors, and other complex ICs. 

There are two types of basic transistor out there: bi-polar junction (BJT) and metal-

oxide field-effect (MOSFET). In this tutorial we’ll focus on the BJT, because it’s 

slightly easier to understand. Digging even deeper into transistor types, there are 

actually two versions of the BJT: NPN and PNP. We’ll turn our focus even sharper 

by limiting our early discussion to the NPN. By narrowing our focus down – getting a 

solid understanding of the NPN – it’ll be easier to understand the PNP (or 

MOSFETS, even) by comparing how it differs from the NPN. 

Symbols, Pins, and Construction 

Transistors are fundamentally three-terminal devices. On a bi-polar junction 

transistor (BJT), those pins are labeledcollector (C), base (B), and emitter (E). The 

circuit symbols for both the NPN and PNP BJT are below: 

https://learn.sparkfun.com/tutorials/integrated-circuits
https://learn.sparkfun.com/tutorials/digital-logic
https://learn.sparkfun.com/tutorials/digital-logic


 

 31 

The only difference between an NPN 

and PNP is the direction of the arrow on 

the emitter. The arrow on an NPN points 

out, and on the PNP it points in. A 

useful mnemonic for remembering 

which is which is: NPN: Not Pointing iN Backwards logic, but it works! 

Transistor Construction 

Transistors rely on semiconductors to work their magic. A semiconductor is a 

material that’s not quite a pure conductor (like copper wire) but also not an insulator 

(like air). The conductivity of a semiconductor – how easily it allows electrons to 

flow – depends on variables like temperature or the presence of more or less 

electrons. Let’s look briefly under the hood of a transistor. Don’t worry, we won’t dig 

too deeply into quantum physics. 

A Transistor as Two Diodes 

Transistors are kind of like an extension 

of another semiconductor 

component: diodes. In a way transistors 

are just two diodes with their cathodes (or 

anodes) tied together: 

The diode connecting base to emitter is the important one here; it matches the 

direction of the arrow on the schematic symbol, and shows you which way current 

is intended to flow through the transistor. 

The diode representation is a good place to start, but it’s far from accurate. Don’t 

base your understanding of a transistor’s operation on that model 

(and definitely don’t try to replicate it on a breadboard, it won’t 

work). There’s a whole lot of weird quantum physics level stuff 

controlling the interactions between the three terminals. 

Transistor Structure and Operation 

Transistors are built by stacking three different layers of 

semiconductor material together. Some of those layers have extra 

https://learn.sparkfun.com/tutorials/diodes
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electrons added to them (a process called “doping”), and others have electrons 

removed (doped with “holes” – the absence of electrons). A semiconductor material 

with extra electrons is called an n-type (n for negative because electrons have a 

negative charge) and a material with electrons removed is called a p-type (for 

positive). Transistors are created by either stacking an n on top of a p on top of an n, 

or p over n over p. 

Simplified diagram of the structure of an NPN. Notice the origin of any acronyms? 

With some hand waving, we can say electrons can easily flow from n regions 

to p regions, as long as they have a little force 

(voltage) to push them. But flowing from 

a p region to an n region is really hard (requires 

a lot of voltage). But the special thing about a 

transistor – the part that makes our two-diode model 

obsolete – is the fact 

that electronscan easily flow from the p-type 

base to the n-type collector as long as the 

base-emitter junction is forward biased (meaning 

the base is at a higher voltage than the emitter). 

The NPN transistor is designed to pass electrons 

from the emitter to the collector (so conventional current flows from collector to 

emitter). The emitter “emits” electrons into the base, which controls the number of 

electrons the emitter emits. Most of the electrons emitted are “collected” by the 

collector, which sends them along to the next part of the circuit. 

A PNP works in a same but opposite fashion. The base still controls current flow, but 

that current flows in the opposite direction – from emitter to collector. Instead of 

electrons, the emitter emits “holes” (a conceptual absence of electrons) which are 

collected by the collector. 

The transistor is kind of like an electron valve. The base pin is like a handle you 

might adjust to allow more or less electrons to flow from emitter to collector. Let’s 

investigate this analogy further… 
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Operation Modes 

Unlike resistors, which enforce a linear relationship between voltage and current, 

transistors are non-linear devices. They have four distinct modes of operation, which 

describe the current flowing through them. (When we talk about current flow through 

a transistor, we usually mean current flowing from collector to emitter of an 

NPN.) 

The four transistor operation modes are: 

Saturation – The transistor acts like a short circuit. Current freely flows from 

collector to emitter. 

Cut-off – The transistor acts like an open circuit. No current flows from collector to 

emitter. 

Active – The current from collector to emitter is proportional to the current flowing 

into the base. 

Reverse-Active – Like active mode, the current is proportional to the base current, 

but it flows in reverse. Current flows from emitter to collector (not, exactly, the 

purpose transistors were designed for). 

To determine which mode a transistor is in, we need to look at the voltages on each 

of the three pins, and how they relate to each other. The voltages from base to emitter 

(VBE), and the from base to collector (VBC) set the transistor’s mode: 

The simplified quadrant graph above 

shows how positive and negative voltages 

at those terminals affect the mode. In 

reality it’s a bit more complicated than 

that. 

Let’s look at all four transistor modes 

individually; we’ll investigate how to put 

the device into that mode, and what effect 

it has on current flow. 

Note: The majority of this page focuses 

https://learn.sparkfun.com/tutorials/resistors
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on NPN transistors. To understand how a PNP transistor works, simply flip the 

polarity or > and < signs. 

Saturation Mode 

Saturation is the on mode of a transistor. A transistor 

in saturation mode acts like a short circuit between 

collector and emitter. 

In saturation mode both of the “diodes” in the 

transistor are forward biased. That means VBE must 

be greater than 0,and so must VBC. In other words, 

VB must be higher than both VE and VC. 

 

Because the junction from base to emitter looks just like 

a diode, in reality, VBE must be greater than a threshold voltage to enter saturation. 

There are many abbreviations for this voltage drop – Vth, Vγ, and Vd are a few – and 

the actual value varies between transistors (and even further by temperature). For a 

lot of transistors (at room temperature) we can estimate this drop to be about 0.6V. 

Another reality bummer: there won’t be perfect conduction between emitter and 

collector. A small voltage drop will form between those nodes. Transistor datasheets 

will define this voltage as CE saturation voltage VCE(sat) – a voltage from collector 

to emitter required for saturation. This value is usually around 0.05-0.2V. This value 

means that VC must be slightly greater than VE (but both still less than VB) to get the 

transistor in saturation mode. 

Cutoff Mode 

Cutoff mode is the opposite of saturation. A transistor in 

cutoff mode is off – there is no collector current, and therefore 

no emitter current. It almost looks like an open circuit. 

To get a transistor into cutoff mode, the base voltage must be 

less than both the emitter and collector voltages. VBCand 

VBE must both be negative. 

https://learn.sparkfun.com/tutorials/diodes/real-diode-characteristics#forward_drop
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In reality, VBE can be anywhere between 0V and Vth (~0.6V) to achieve cutoff mode. 

Active Mode 

To operate in active mode, a transistor’s VBE must be greater than zero and VBC must 

be negative. Thus, the base voltage must be less than the collector, but greater than 

the emitter. That also means the collector must be greater than the emitter. 

In reality, we need a non-zero forward voltage drop (abbreviated 

either Vth, Vγ, or Vd) from base to emitter (VBE) to “turn on” the transistor. Usually 

this voltage is usually around 0.6V. 

Amplifying in Active Mode 

Active mode is the most powerful mode of the transistor because it turns the device 

into an amplifier. Current going into the base pin amplifies current going into the 

collector and out the emitter. 

Our shorthand notation for the gain (amplification factor) of a transistor is β (you 

may also see it as βF, or hFE). β linearly relates the collector current (IC) to the base 

current (IB): 

 

The actual value of β varies by transistor. It’s usually around 100, but can range 

from 50 to 200…even 2000, depending on which transistor you’re using and how 

much current is running through it. If your transistor had a β of 100, for example, 

that’d mean an input current of 1mA into the base could produce 100mA current 

through the collector. 

Active mode model. VBE = Vth, and IC = βIB. 

What about the emitter current, IE? In active mode, the 

collector and base currents go into the device, and the 

IEcomes out. To relate the emitter current to collector 

current, we have another constant value: α. α is the 

common-base current gain, it relates those currents as 

such: 

https://cdn.sparkfun.com/assets/learn_tutorials/1/9/3/equation-cutoff_voltages.png
https://cdn.sparkfun.com/assets/learn_tutorials/1/9/3/beta_equation_1.png
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α is usually very close to, but less than, 1. That means IC is very close to, but less 

than IE in active mode. 

You can use β to calculate α, or vice-versa: 

 

If β is 100, for example, that means α is 0.99. So, if IC is 100mA, for example, then 

IE is 101mA. 

Reverse Active 

Just as saturation is the opposite of cutoff, reverse active mode is the opposite of 

active mode. A transistor in reverse active mode conducts, even amplifies, but current 

flows in the opposite direction, from emitter to collector. The downside to reverse 

active mode is the β (βR in this case) is much smaller. 

To put a transistor in reverse active mode, the emitter voltage must be greater than 

the base, which must be greater than the collector (VBE<0 and VBC>0). 

 

Reverse active mode isn’t usually a state in which you want to drive a transistor. It’s 

good to know it’s there, but it’s rarely designed into an application. 

Relating to the PNP 

After everything we’ve talked about on this page, we’ve still only covered half of the 

BJT spectrum. What about PNP transistors? PNP’s work a lot like the NPN’s – they 

have the same four modes – but everything is turned around. To find out which mode 

a PNP transistor is in, reverse all of the < and > signs. 

For example, to put a PNP into saturation VC and VE must be higher than VB. You 

pull the base low to turn the PNP on, and make it higher than the collector and 

emitter to turn it off. And, to put a PNP into active mode, VE must be at a higher 

voltage than VB, which must be higher than VC. 

https://cdn.sparkfun.com/assets/learn_tutorials/1/9/3/alpha_equation_2.png
https://cdn.sparkfun.com/assets/learn_tutorials/1/9/3/alpha_beta_equation_1.png
https://cdn.sparkfun.com/assets/learn_tutorials/1/9/3/equation-reverse-voltage-3.png
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In summary: 

Voltage relations NPN Mode PNP Mode 

VE < VB < VC Active Reverse 

VE < VB > VC Saturation Cutoff 

VE > VB < VC Cutoff Saturation 

VE > VB > VC Reverse Active 

 

Another opposing characteristic of the NPNs and PNPs is the direction of current 

flow. In active and saturation modes,current in a PNP flows from emitter to 

collector. This means the emitter must generally be at a higher voltage than the 

collector. 

2. Read and discuss transistor applications. 

Applications I: Switches 

One of the most fundamental applications of a transistor is using it to control the flow 

of power to another part of the circuit – using it as an electric switch. Driving it in 

either cutoff or saturation mode, the transistor can create the binary on/off effect of a 

switch. 

Transistor switches are critical circuit-building blocks; they’re used to make logic 

gates, which go on to create microcontrollers, microprocessors, and other integrated 

circuits. Below are a few example circuits. 

Transistor Switch 

Let’s look at the most fundamental transistor-switch circuit: an NPN switch. Here we 

use an NPN to control a high-power LED: 

Our control input flows into the base, the output is 

tied to the collector, and the emitter is kept at a 

fixed voltage. 

While a normal switch would require an actuator 

to be physically flipped, this switch is controlled 

by the voltage at the base pin. A microcontroller 

I/O pin, like those on an Arduino, can be 

programmed to go high or low to turn the LED on 

or off. 

https://learn.sparkfun.com/tutorials/digital-logic
https://learn.sparkfun.com/tutorials/digital-logic
https://learn.sparkfun.com/tutorials/integrated-circuits
https://learn.sparkfun.com/tutorials/integrated-circuits
https://learn.sparkfun.com/tutorials/switch-basics
https://learn.sparkfun.com/tutorials/what-is-an-arduino
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When the voltage at the base is greater than 0.6V (or whatever your transistor’s 

Vth might be), the transistor starts saturating and looks like a short circuit between 

collector and emitter. When the voltage at the base is less than 0.6V the transistor is 

in cutoff mode – no current flows because it looks like an open circuit between C  

and E. 

The circuit above is called a low-side switch, because the switch – our transistor – is 

on the low (ground) side of the circuit. Alternatively, we can use a PNP transistor to 

create a high-side switch: 

Similar to the NPN circuit, the 

base is our input, and the 

emitter is tied to a constant 

voltage. This time however, the 

emitter is tied high, and the load 

is connected to the transistor on 

the ground side. 

This circuit works just as well 

as the NPN-based switch, but 

there’s one huge difference: to turn the load “on” the base must be low. This can 

cause complications, especially if the load’s high voltage (VCC in this picture) is 

higher than our control input’s high voltage. For example, this circuit wouldn’t work 

if you were trying to use a 5V-operating Arduino to switch on a 12V motor. In that 

case it’d be impossible to turn the switch off because VB would always be less than 

VE. 

Base Resistors 

You’ll notice that each of those circuits uses a series resistor between the control 

input and the base of the transistor. Don’t forget to add this resistor! A transistor 

without a resistor on the base is like an LED with no current-limiting resistor. 

https://learn.sparkfun.com/tutorials/resistors/example-applications#current-limiting
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Recall that, in a way, a transistor is just a pair of interconnected diodes. We’re 

forward-biasing the base-emitter diode to turn the load 

on. The diode only needs 0.6V to turn on, more voltage 

than that means more current. Some transistors may 

only be rated for a maximum of 10-100mA of current 

to flow through them. If you supply a current over the 

maximum rating, the transistor might blow up. 

The series resistor between our control source and the 

base limits current into the base. The base-emitter 

node can get its happy voltage drop of 0.6V, and the 

resistor can drop the remaining voltage. The value of 

the resistor, and voltage across it, will set the current. 

The resistor needs to be large enough to effectively limit the current, but small 

enough to feed the base enoughcurrent. 1mA to 10mA will usually be enough, but 

check your transistor’s datasheet to make sure. 

Digital Logic 

Transistors can be combined to create all our fundamental logic gates: AND, OR, and 

NOT. 

(Note: These days MOSFETS are more likely to be used to create logic gates than 

BJTs. MOSFETs are more power-efficient, which makes them the better choice.) 

Inverter 

Here’s a transistor circuit that implements an inverter, or NOT gate: 

An inverter built out of transistors. 

Here a high voltage into the base will turn the 

transistor on, which will effectively connect the 

collector to the emitter. Since the emitter is 

connected directly to ground, the collector will be as 

well (though it will be slightly higher, somewhere 

around VCE(sat) ~ 0.05-0.2V). If the input is low, on 

the other hand, the transistor looks like an open 

https://learn.sparkfun.com/tutorials/digital-logic
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circuit, and the output is pulled up to VCC  (This is actually a 

fundamental transistor configuration called common emitter. 

More on that later.) 

AND Gate 

Here are a pair of transistors used to create a  

2-input AND gate: 

2-input AND gate built out of transistors. 

If either transistor is turned off, then the output at the second 

transistor’s collector will be pulled low. If both transistors are 

“on” (bases both high), then the output of the circuit is also high. 

OR Gate 

And, finally, here’s a 2-input OR gate: 

2-input OR gate built out of transistors. 

In this circuit, if either (or both) A or B 

are high, that respective transistor will 

turn on, and pull the output high. If both 

transistors are off, then the output is 

pulled low through the resistor. 

H-Bridge 

An H-bridge is a transistor-based circuit 

capable of driving motors both 

clockwise and counter-clockwise. 

It’s an incredibly popular circuit – the 

driving force behind countless robots 

that must be able to move both 

forward andbackward. 

Fundamentally, an H-bridge is a 

combination of four transistors with 

two inputs lines and two outputs: 
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Can you guess why it’s called an H bridge? 

(Note: there’s usually quite a bit more to a well-designed H-bridge including flyback 

diodes, base resistors and Schmidt triggers.) 

If both inputs are the same voltage, the outputs to the motor will be the same voltage, 

and the motor won’t be able to spin. But if the two inputs are opposite, the motor will 

spin in one direction or the other. 

The H-bridge has a truth table that looks a little like this: 

Input A Input B Output A Output B Motor Direction 

0 0 1 1 Stopped (braking) 

0 1 1 0 Clockwise 

1 0 0 1 Counter-clockwise 

1 1 0 0 Stopped (braking) 

 

Oscillators 

An oscillator is a circuit that produces a periodic signal that swings between a high 

and low voltage. Oscillators are used in all sorts of circuits: from simply blinking an 

LED to the producing a clock signal to drive a microcontroller. There are lots of ways 

to create an oscillator circuit including quartz crystals, op amps, and, of course, 

transistors. 

Here’s an example oscillating circuit, which we call an a stable multivibrator. By 

using feedback we can use a pair of 

transistors to create two complementing, 

oscillating signals. 

Aside from the two transistors, 

the capacitors are the real key to this circuit. 

The caps alternatively charge and discharge, 

which causes the two transistors to 

alternatively turn on and off. 

Analyzing this circuit’s operation is an 

excellent study in the operation of both caps 

and transistors. To begin, assume C1 is fully 

https://learn.sparkfun.com/tutorials/capacitors
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charged (storing a voltage of about VCC), C2 is discharged, Q1 is on, and Q2 is off. 

Here’s what happens after that: 

If Q1 is on, then C1’s left plate (on the schematic) is connected to about 0V. This will 

allow C1 to discharge through Q1’s collector. 

While C1 is discharging, C2 quickly charges through the lower value resistor – R4. 

Once C1 fully discharges, its right plate will be pulled up to about 0.6V, which will 

turn on Q2. 

At this point we’ve swapped states: C1 is discharged, C2 is charged, Q1 is off, and 

Q2 is on. Now we do the same dance the other way. 

Q2 being on allows C2 to discharge through Q2’s collector. 

While Q1 is off, C1 can charge, relatively quickly through R1. 

Once C2 fully discharges, Q1 will be turn back on and we’re back in the state we 

started in. 

By picking specific values for C1, C2, R2, and R3 (and keeping R1 and R4 relatively 

low), we can set the speed of our multivibrator circuit: 

 

So, with the values for caps and resistors set to 10µF and 47kΩ respectively, our 

oscillator frequency is about 1.5 Hz. That means each LED will blink about 1.5 times 

per second. 

Applications II: Amplifiers 

Some of the most powerful transistor applications involve amplification: turning a 

low power signal into one of higher power. Amplifiers can increase the voltage of a 

signal, taking something from the µV range and converting it to a more useful mV or 

V level. Or they can amplify current, useful for turning the µA of current produced 

by a photodiode into a current of much higher magnitude. There are even amplifiers 

that take a current in, and produce a higher voltage, or vice-versa (called 

transresistance and transconductance respectively). 

Transistors are a key component to many amplifying circuits. There are a seemingly 

infinite variety of transistor amplifiers out there, but fortunately a lot of them are 

based on some of these more primitive circuits. Remember these circuits, and, 

https://cdn.sparkfun.com/assets/learn_tutorials/1/9/3/equation-astable-multivibrator.png
https://www.sparkfun.com/products/9541
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hopefully, with a bit of pattern-matching, you can make sense of more complex 

amplifiers. 

Common Configurations 

Three of the most fundamental transistor amplifiers are: common emitter, common 

collector and common base. In each of the three configurations one of the three nodes 

is permanently tied to a common voltage (usually ground), and the other two nodes 

are either an input or output of the amplifier. 

Common Emitter 

Common emitter is one of the more popular transistor arrangements. In this circuit 

the emitter is tied to a voltage common to both the base and collector (usually 

ground). The base becomes the signal input, and the collector becomes the output. 

 

The common emitter circuit is popular because it’s well-suited for voltage 

amplification, especially at low frequencies. They’re great for amplifying audio 

signals, for example. If you have a small 1.5V peak-to-peak input signal, you could 

amplify that to a much higher voltage using a slightly more complicated circuit, like: 

 

https://cdn.sparkfun.com/assets/learn_tutorials/1/9/3/common-emitter-model.png
https://cdn.sparkfun.com/assets/learn_tutorials/1/9/3/common-emitter-speaker-amplifier-02.png
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One quirk of the common emitter, though, is that it inverts the input signal (compare 

it to the inverter from the last page!). 

Common Collector (Emitter Follower) 

If we tie the collector pin to a common voltage, use the base as an input, and the 

emitter as an output, we have a common collector. This configuration is also known 

as an emitter follower. 

 

The common collector doesn’t do any voltage amplification (in fact, the voltage out 

will be 0.6V lower than the voltage in). For that reason, this circuit is sometimes 

called a voltage follower. 

This circuit does have great potential as a current amplifier. In addition to that, the 

high current gain combined with near unity voltage gain makes this circuit a 

great voltage buffer. A voltage buffer prevents a load circuit from undesirably 

interfering with the circuit driving it. 

For example, if you wanted to deliver 1V to a load, you could go the easy way and 

use a voltage divider, or you could use an emitter follower. 

 

As the load gets larger (which, conversely, means the resistance is lower) the output 

of the voltage divider circuit drops. But the voltage output of the emitter follower 

https://cdn.sparkfun.com/assets/learn_tutorials/1/9/3/common-collector-model.png
https://learn.sparkfun.com/tutorials/voltage-dividers
https://cdn.sparkfun.com/assets/learn_tutorials/1/9/3/common-collector-voltage-source.png
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remains steady, regardless of what the load is. Bigger loads can’t “load down” an 

emitter follower, like they can circuits with larger output impedances. 

Common Base 

We’ll talk about common base to provide some closure to this section, but this is the 

least popular of the three fundamental configurations. In a common base amplifier, 

the emitter is an input and the collector an output. The base is common to both. 

 

Common base is like the anti-emitter-follower. It’s a decent voltage amplifier, and 

current in is about equal to current out (actually current in is slightly greater than 

current out). 

The common base circuit works best as a current buffer. It can take an input current 

at a low input impedance, and deliver nearly that same current to a higher impedance 

output. 

In Summary 

These three amplifier configurations are at the heart of many more complicated 

transistor amplifiers. They each have applications where they shine, whether they’re 

amplifying current, voltage, or buffering. 

 
Common Emitter Common Collector Common Base 

Voltage Gain Medium Low High 

Current Gain Medium High Low 

Input Impedance Medium High Low 

Output Impedance Medium Low High 

 

Multistage Amplifiers 

We could go on and on about the great variety 

of transistor amplifiers out there. Here are a 

few quick examples to show off what happens 

when you combine the single-stage amplifiers 

above: 

https://cdn.sparkfun.com/assets/learn_tutorials/1/9/3/common-base-model.png
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Darlington 

The Darlington amplifier runs one common collector into another to create a high 

current gain amplifier. 

Voltage out is about the same as voltage in (minus about 1.2V-1.4V), but the current 

gain is the product of twotransistor gains. That’s β
2
 – upwards of 10,000! 

The Darlington pair is a great tool if you need to drive a large load with a very small 

input current. 

Differential Amplifier 

A differential amplifier subtracts two input signals and amplifies that difference. It’s 

a critical part of feedback circuits, where the input is compared against the output, to 

produce a future output. 

Here’s the foundation of the differential amp: 

This circuit is also called a long tailed pair. It’s a 

pair of common-emitter circuits that are compared 

against each other to produce a differential output. 

Two inputs are applied to the bases of the 

transistors; the output is a differential voltage 

across the two collectors. 

Push-Pull Amplifier 

A push-pull amplifier is a 

useful “final stage” in many 

multi-stage amplifiers. It’s an 

energy efficient power 

amplifier, often used to drive 

loudspeakers. 

The fundamental push-pull amp uses an NPN and PNP transistor, 

both configured as common collectors: 

 

The push-pull amp doesn’t really amplify voltage (voltage out will 

be slightly less than that in), but it does amplify current. It’s 
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especially useful in bi-polar circuits (those with positive and negative supplies), 

because it can both “push” current into the load from the positive supply, and “pull” 

current out and sink it into the negative supply. 

If you have a bi-polar supply (or even if you don’t), the push-pull is a great final 

stage to an amplifier, acting as a buffer for the load. 

Putting Them Together (An Operational Amplifier) 

Let’s look at a classic example of a multi-stage transistor circuit: an Op Amp. Being 

able to recognize common transistor circuits, and understanding their purpose can get 

you a long way! Here is the circuit inside an LM3558, a really simple op amp: 

The internals of an LM358 operational amplifier. Recognize some amplifiers? 

There’s certainly more complexity here than you may be prepared to digest, however 

you might see some familiar topologies: 

Q1, Q2, Q3, and Q4 form the input stage. Looks a lot like an common collector (Q1 

and Q4) into a differential amplifier, right? It just looks upside down, because it’s 

using PNP’s. These transistors help to form the input differential stage of the 

amplifier. 

 

Q11 and Q12 are part of the second stage. Q11 is a common collector and Q12 is 

a common emitter. This pair of transistors will buffer the signal from Q3’s collector, 

and provide a high gain as the signal goes to the final stage. 

https://www.sparkfun.com/products/9456
https://www.sparkfun.com/datasheets/Components/General/LM358.pdf
https://cdn.sparkfun.com/assets/learn_tutorials/1/9/3/lm358-schematic.png
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Q6 and Q13 are part of the final stage, and they should look familiar as well 

(especially if you ignore RSC) – it’s a push-pull! This stage buffers the output, 

allowing it to drive larger loads. 

Контрольні питання 

1. Which types of transistors do you know? 

2. Which are their basic characteristics? 

Література: [2, с. 102–175; 3, с. 87–187]. 

 

Практичні заняття № 10–12 

Тема 4 BJTs. Basic Characteristics and Applications. Past Simple and 

Present Perfect 

Мета: ознайомити студентів з лексикою та теоретичними відомостями, 

закріпити знання студентів із зазначеної теми. 

Короткі теоретичні відомості 

Past Simple and Present Perfect 

Study these examples of the Present Perfect from the recording of the 

artist. 

1. I've scanned in about a third of these photographs. 

2. I've organised the paintings into themes. 

3. I've added a sound track. 

Why doesn't the speaker use the Past Simple? 

4. I scanned in about a third of these photographs. 

5. I organised the paintings into themes. 

6. I added a sound track. 

We use the Present Perfect to describe past actions with present relevance.  

The artist uses the Present Perfect because he is describing a CD he has just 

made and what he is going to do with it in the near future. 

Use Present Perfect Simple 

• to describe an event in the past without a definite time. 

Someone has broken a window in our c1assroom. 
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• to describe what sameone has completed ar achieved in a period of time. 

I've finished my homework, and I've c1eaned my room. 

• to describe how many things someane has done. 

Scientists have found more than 30 unknown insects. 

• to describe someone's experiences, what he ar she has dane in life. 

I've travelled by piane, but I haven't f/own in a helicopter. 

• to describe changes, comparing past and present. 

Our climate has become much warmer. 

We use the Past Simple to describe completed actions in the past. It is often 

used with time expressions such as last year, before PCs were introduced, in 1998.  

Note these examples from the recording: 

7. I made one for Mary's birthday last week. 

8. We tried it out last term. 

Завдання до теми 

1. Read the information on basic characteristics of BJTs and discuss their 

applications 

If we now join together two individual signal diodes back-to-back, this will 

give us two PN-junctions connected together in series that share a 

common P or N terminal. The fusion of 

these two diodes produces a three layer, 

two junction, three terminal device 

forming the basis of a Bipolar  

 

Junction Transistor, or BJT for short. 

Transistors are three terminal active devices made from different 

semiconductor materials that can act as either an insulator or a conductor by the 

application of a small signal voltage. The transistor’s ability to change between these 

two states enables it to have two basic functions: “switching” (digital electronics) or 

“amplification” (analogue electronics). Then bipolar transistors have the ability to 

operate within three different regions: 



 

 50 

Active Region   –   the transistor operates as an amplifier and Ic = β.Ib 

Saturation   –   the transistor is “Fully-ON” operating as a switch 

andIc = I(saturation) 

Cut-off   –   the transistor is “Fully-OFF” operating as a switch and Ic = 0 

A Typical Bipolar Transistor 

The word Transistor is an acronym, and is a combination of 

the words Transfer Varistor used to describe their mode of 

operation way back in their early days of development. There are 

two basic types of bipolar transistor construction,PNP and NPN, 

which basically describes the physical arrangement of the P-type 

and N-type semiconductor materials from which they are made. 

The Bipolar Transistor basic construction consists of two PN-junctions 

producing three connecting terminals with each terminal being given a name to 

identify it from the other two. These three terminals are known and labelled as 

the Emitter ( E ), the Base (B ) and the Collector ( C ) respectively. 

Bipolar Transistors are current regulating devices that control the amount of 

current flowing through them in proportion to the amount of biasing voltage applied 

to their base terminal acting like a current-controlled switch. The principle of 

operation of the two transistor types PNP and NPN, is exactly the same the only 

difference being in their biasing and the polarity of the power supply for each type. 

Related Products: Darlington BJT | Digital BJT | GP BJT | RF BJT 

A Darlington bipolar junction transistor (BJT) contains two BJT devices in a 

special configuration named after its inventor, Sidney Darlington. The two devices 

are connected in such a way that their gains are multiplied, creating a component with 

an effective gain much higher than could be achieved with a single device. A 

Darlington BJT can be created with two discrete transistors, but is available as a 

single component with two BJTs in a package. They are commonly used in circuits 

such as operational amplifiers where a very high gain is desired. 

A digital bipolar junction transistor (BJT) is very similar to a general purpose 

BJT, except that it is intended for use specifically as a voltage or current controlled 

https://www.arrow.com/en/products/diodes-transistors-and-thyristors/bipolar-transistors/darlington-bjt
https://www.arrow.com/en/products/diodes-transistors-and-thyristors/bipolar-transistors/digital-bjt
https://www.arrow.com/en/products/diodes-transistors-and-thyristors/bipolar-transistors/gp-bjt
https://www.arrow.com/en/products/diodes-transistors-and-thyristors/bipolar-transistors/rf-bjt
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switch. Often, a digital BJT has biasing resistors built into the package for easy 

integration into a circuit providing a reduced component count. Digital BJTs are 

available as single NPN, PNP, or in combo packages with two or more devices in 

various configurations. Although metal oxide silicon field effect 

transistors (MOSFETs) are more commonly used in digital applications, a digital BJT 

may be preferred in some specialty circuits. For example, an application that is very 

sensitive to switching noise may be better suited to a digital BJT, which has an 

inherently slower switching rate. 

A general purpose bipolar junction transistor (GP BJT) is a very versatile device 

that can be used as a current or voltage-controlled switch and also as an amplifier. It 

can be used to design a host of different types of circuits such as filters, receivers, 

transmitters, operational amplifiers, power supplies, and control circuits to name a 

few. A BJT is a three terminal device (base, emitter and collector) and is available in 

one of two complementary forms (NPN and PNP). When the terminal voltages are 

biased in the correct polarity, a current flows between the collector and emitter that 

are proportional to the current that is present between the base and emitter terminal. 

The ratio of the collector to the base current is called the gain or beta of the transistor. 

The behavior of NPN and PNP types are almost identical, except that the bias 

voltages and controlling currents have opposite polarities. When selecting a BJT, 

many characteristics should be considered including absolute maximum ratings, 

thermal characteristics, and DC and AC electrical characteristics. 

The RF BJT is a bipolar junction transistor that is designed to operate efficiently 

at higher RF frequencies in the 100s of MHz into the GHz range. A standard BJT 

would have unwanted losses in power transfer and may have bad characteristic 

transistor functionality at those same frequencies. 

RF BJT components are used very frequently in power amplification 

applications. For high frequency signals, like RF, they are designed to have a very 

good linear response, meaning that the proportionality between input signal and 

output signal remains quite stable as long as the linear region ratings are followed and 

maintained. They can also be used as a switching transistor like a MOSFET, 
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operation outside of the linear region and within its saturation mode. In this case, the 

signal must be translated into a pulse-width modulation and be passed and amplified 

through the BJT, where the signal is changed back to the original signal. 

RF BJTs typically offer some superior characteristics as compared to RF 

MOSFETs. They maintain a higher linearity in their linear region and are much 

cheaper for the same functionality. They have much lower output impedances, and 

have much higher gain potential. 

Bipolar Transistor Construction 

 

 

The construction and circuit symbols for both the PNP and NPN bipolar 

transistor are given above with the arrow in the circuit symbol always showing the 

direction of “conventional current flow” between the base terminal and its emitter 

terminal. The direction of the arrow always points from the positive P-type region to 
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the negative N-type region for both transistor types, exactly the same as for the 

standard diode symbol. 

Bipolar Transistor Configurations 

As the Bipolar Transistor is a three terminal device, there are basically three 

possible ways to connect it within an electronic circuit with one terminal being 

common to both the input and output. Each method of connection responding 

differently to its input signal within a circuit as the static characteristics of the 

transistor vary with each circuit arrangement. 

Common Base Configuration   –   has Voltage Gain but no Current Gain. 

Common Emitter Configuration   –   has both Current and Voltage Gain. 

Common Collector Configuration   –   has Current Gain but no Voltage Gain. 

The Common Base (CB) Configuration 

As its name suggests, in the Common Base or grounded base configuration, 

the BASEconnection is common to both the input signal AND the output signal with 

the input signal being applied between the base and the emitter terminals. The 

corresponding output signal is taken from between the base and the collector 

terminals as shown with the base terminal grounded or connected to a fixed reference 

voltage point. 

The input current flowing into the emitter is quite large as its the sum of both the 

base current and collector current respectively therefore, the collector current output 

is less than the emitter current input resulting in a current gain for this type of circuit 

of “1” (unity) or less, in other words the common base configuration “attenuates” the 

input signal. 

The Common Base Transistor Circuit 

Тhis type of amplifier configuration is a 

non-inverting voltage amplifier circuit, in 

that the signal 

voltages Vin and Vout are “in-phase”. 

This type of transistor arrangement is not 

very common due to its unusually high voltage gain 
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characteristics. Its input characteristics represent that of a forward biased diode while 

the output characteristics represent that of an illuminated photo-diode. 

Also this type of bipolar transistor configuration has a high ratio of output to 

input resistance or more importantly “load” resistance ( RL ) to “input” resistance 

( Rin ) giving it a value of “Resistance Gain”. Then the voltage gain ( Av ) for a 

common base configuration is therefore given as: 

Common Base Voltage Gain 

 

Where: Ic/Ie is the current gain, alpha ( α ) and RL/Rin is the resistance gain. 

The common base circuit is generally only used in single stage amplifier circuits 

such as microphone pre-amplifier or radio frequency ( Rf ) amplifiers due to its very 

good high frequency response. 

The Common Emitter (CE) Configuration 

In the Common Emitter or grounded emitter configuration, the input signal is 

applied between the base and the emitter, while the output is taken from between the 

collector and the emitter as shown. This type of configuration is the most commonly 

used circuit for transistor based amplifiers and which represents the “normal” method 

of bipolar transistor connection. 

The common emitter amplifier configuration produces the highest current and 

power gain of all the three bipolar transistor configurations. This is mainly because 

the input impedance is LOW as it is connected to a forward biased PN-junction, 

while the output impedance is HIGH as it is taken from a reverse biased PN-junction. 

The Common Emitter Amplifier Circuit 

 

In this type of configuration, 

the current flowing out of the 

transistor must be equal to the 

currents flowing into the 

transistor as the emitter current is given as Ie = Ic + Ib. 
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As the load resistance ( RL ) is connected in series with the collector, the 

current gain of the common emitter transistor configuration is quite large as it is the 

ratio of Ic/Ib. A transistors current gain is given the Greek symbol of Beta, ( β ). 

As the emitter current for a common emitter configuration is defined 

as Ie = Ic + Ib, the ratio of Ic/Ie is called Alpha, given the Greek symbol of α. Note: 

that the value of Alpha will always be less than unity. 

Since the electrical relationship between these three currents, Ib, Ic and Ie is 

determined by the physical construction of the transistor itself, any small change in 

the base current ( Ib ), will result in a much larger change in the collector current 

( Ic ). 

Then, small changes in current flowing in the base will thus control the current 

in the emitter-collector circuit. Typically, Beta has a value between 20 and 200 for 

most general purpose transistors. So if a transistor has a Beta value of say 100, then 

one electron will flow from the base terminal for every 100 electrons flowing 

between the emitter-collector terminal. 

By combining the expressions for both Alpha, α and Beta, β the mathematical 

relationship between these parameters and therefore the current gain of the transistor 

can be given as: 

 

 

Where: “Ic” is the current flowing into the collector terminal, “Ib” is the current 

flowing into the base terminal and “Ie” is the current flowing out of the emitter 

terminal. 

Then to summarise a little. This type of bipolar transistor configuration has a 

greater input impedance, current and power gain than that of the common base 

configuration but its voltage gain is much lower. The common emitter configuration 
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is an inverting amplifier circuit. This means that the resulting output signal 

is 180
o
 “out-of-phase”with the input voltage signal. 

The Common Collector (CC) Configuration 

In the Common Collector or grounded collector configuration, the collector is 

now common through the supply. The input signal is connected directly to the base, 

while the output is taken from the emitter load as shown. This type of configuration is 

commonly known as a Voltage Follower or Emitter Follower circuit. 

The common collector, or emitter follower configuration is very useful for 

impedance matching applications because of the very high input impedance, in the 

region of hundreds of thousands of Ohms while having a relatively low output 

impedance. 

The Common Collector Transistor Circuit 

The common emitter configuration has a current gain approximately equal to 

the βvalue of the transistor itself. In the common collector 

configuration the load resistance is situated 

in series with the emitter so its current is 

equal to that of the emitter current. 

As the emitter current is the 

combination of the collector AND the base 

current combined, the load resistance in this type of transistor 

configuration also has both the collector current and the input current of the base 

flowing through it. Then the current gain of the circuit is given as: 

The Common Collector Current Gain 
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This type of bipolar transistor configuration is a non-inverting circuit in that the 

signal voltages of Vin and Vout are “in-phase”. It has a voltage gain that is always 

less than “1” (unity). The load resistance of the common collector transistor receives 

both the base and collector currents giving a large current gain (as with the common 

emitter configuration) therefore, providing good current amplification with very little 

voltage gain. 

We can now summarise the various relationships between the transistors 

individual DC currents flowing through each leg and its DC current gains given 

above in the following table. 

Relationship between DC Currents and Gains 

 

 

 

 

 

Bipolar Transistor Summary 

Then to summarise, the behaviour of the bipolar transistor in each one of the 

above circuit configurations is very different and produces different circuit 

characteristics with regards to input impedance, output impedance and gain whether 

this is voltage gain, current gain or power gain and this is summarised in the table 

below. 

Bipolar Transistor Configurations with the generalised characteristics of the 

different transistor configurations given in the following table. 
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Characteristic 
Common 

Base 

Common 

Emitter 

Common 

Collector 

Input Impedance Low Medium High 

Output Impedance Very High High Low 

Phase Angle 0o 180o 0o 

Voltage Gain High Medium Low 

Current Gain Low Medium High 

Power Gain Low Very High Medium 

 

Контрольні питання 

1. Which types of BJTs are there in electronic engineering? 

2. Which are their applications? 

Література: [1, с. 86–150; 2, с. 381–420]. 

 

Практичні заняття № 13–15  

Тема 5. MOSFET. Present Perfect and Past Perfect 

Мета: ознайомити студентів з лексикою та теоретичними відомостями, 

закріпити знання студентів із зазначеної теми. 

Короткі теоретичні відомості 

Use Past Perfeet Simple to deseribe a past event whieh happens before 

another event in the past. Only use it when it is important to make elear that one 

event in the past happened before another. 

On 12July 1771, Cook's ship The Endeavour arrived back in Britain. Cook had 

not 

discovered a new continent, but he had visited places never seen before. 

In this example, 'not discovered' happened before 'arrived'. 
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forgot, remembered, realized 

With forgot, remembered, realized, knew, we use past perfeet simple to 

deseribe the past events that happened before the moment we forgot, remembered ar 

realised something. 

When Franklin checked the ship's position, he realized he had made a mistake. 

Завдання до теми 

As well as the Junction Field Effect Transistor (JFET), there is another type of 

Field Effect Transistor available whoseGate input is electrically insulated from the 

main current carrying channel and is therefore called an Insulated Gate Field Effect 

Transistor or IGFET. The most common type of insulated gate FET which is used in 

many different types of electronic circuits is called the Metal Oxide Semiconductor 

Field Effect Transistor or MOSFET for short. 

   The IGFET or MOSFET is a voltage controlled field effect transistor that 

differs from a JFET in that it has a “Metal Oxide” Gate electrode which is electrically 

insulated from the main semiconductor n-channel or p-channel by a very thin layer of 

insulating material usually silicon dioxide, commonly known as glass. 

This ultra thin insulated metal gate electrode can be thought of as one plate of a 

capacitor. The isolation of the controlling Gate makes the input resistance of 

theMOSFET extremely high way up in the Mega-ohms ( MΩ ) region thereby 

making it almost infinite. 

As the Gate terminal is isolated from the main current carrying channel “NO 

current flows into the gate” and just like the JFET,  the  MOSFET also acts like a 

voltage controlled resistor were the current flowing through the main channel 

between the Drain and Source is proportional to the input voltage. Also like the 

JFET, the MOSFETs very high input resistance can easily accumulate large amounts 

of static charge resulting in the MOSFET becoming easily damaged unless carefully 

handled or protected. 

MOSFETs are three terminal devices with a Gate, Drain and Source and both 

P-channel (PMOS) and N-channel (NMOS) MOSFETs are available. The main 

difference this time is that MOSFETs are available in two basic forms: 

http://www.electronics-tutorials.ws/transistor/tran_6.html
http://www.electronics-tutorials.ws/transistor/tran_6.html
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Depletion Type   –   the transistor requires the Gate-Source voltage, ( VGS ) to 

switch the device “OFF”. The depletion mode MOSFET is equivalent to a “Normally 

Closed” switch. 

Enhancement Type   –   the transistor requires a Gate-Source voltage, ( VGS ) to 

switch the device “ON”. The enhancement mode MOSFET is equivalent to a 

“Normally Open” switch. 

The symbols and basic construction for both configurations of MOSFETs are 

shown below. 

The four MOSFET symbols above show an additional terminal called 

the Substrate and is not normally used as either an input or an output connection but 

instead it is used for grounding the substrate. It connects to the main semiconductive 

channel through a diode junction to the body or metal tab of the MOSFET. Usually in 

discrete type MOSFETs, this substrate lead is connected internally to the source 

terminal. When this is the case, as in enhancement types it is omitted from the symbol 

for clarification. 

 

The line between the drain and source connections represents the semiconductive 

channel. If this is a solid unbroken line then this represents a “Depletion” (normally-
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ON) type MOSFET as drain current can flow with zero gate potential. If the channel 

line is shown dotted or broken it is an “Enhancement” (normally-OFF) type 

MOSFET as zero drain current flows with zero gate potential. The direction of the 

arrow indicates whether the conductive channel is a p-type or an n-type 

semiconductor device. 

Basic MOSFET Structure and Symbol 

The construction of the Metal Oxide 

Semiconductor FET is very different to that 

of the Junction FET. Both the Depletion 

and Enhancement type MOSFETs use an 

electrical field produced by a gate voltage to 

alter the flow of charge carriers, electrons for 

n-channel or holes for P-channel, through the 

semiconductive drain-source channel.  

The gate electrode is placed on top of a very thin insulating layer and there are 

a pair of small n-type regions just under the drain and source electrodes. 

We saw, that the gate of a junction field effect transistor, JFET must be biased 

in such a way as to reverse-bias the pn-junction. With a insulated gate MOSFET 

device no such limitations apply so it is possible to bias the gate of a MOSFET in 

either polarity, positive (+ve) or negative (-ve). This makes the MOSFET device 

especially valuable as electronic switches or to make logic gates because with no bias 

they are normally non-conducting and this high gate input resistance means that very 

little or no control current is needed as MOSFETs are voltage controlled devices. 

Both the p-channel and the n-channel MOSFETs are available in two basic forms, 

the Enhancement type and the Depletion type. 

Depletion-mode MOSFET 

The Depletion-mode MOSFET, which is less common than the enhancement 

mode types is normally switched “ON” (conducting) without the application of a gate 

bias voltage. That is the channel conducts when VGS = 0 making it a “normally-
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closed” device. The circuit symbol shown above for a depletion MOS transistor uses 

a solid channel line to signify a normally closed conductive channel. 

For the n-channel depletion MOS transistor, a negative gate-source voltage, -

VGS will deplete (hence its name) the conductive channel of its free electrons 

switching the transistor “OFF”. Likewise for a p-channel depletion MOS transistor a 

positive gate-source voltage, +VGS will deplete the channel of its free holes turning it 

“OFF”. 

In other words, for an n-channel depletion mode MOSFET: +VGS means more 

electrons and more current. While a -VGS means less electrons and less current. The 

opposite is also true for the p-channel types. Then the depletion mode MOSFET is 

equivalent to a “normally-closed” switch. 

Depletion-mode N-Channel MOSFET and circuit Symbols 

 

 

 

The depletion-mode MOSFET is constructed in a similar way to their JFET 

transistor counterparts were the drain-source channel is inherently conductive with 

the electrons and holes already present within the n-type or p-type channel. This 

doping of the channel produces a conducting path of low resistance between 

the Drain and Sourcewith zero Gate bias. 

Enhancement-mode MOSFET 

The more common Enhancement-mode MOSFET or eMOSFET, is the reverse 

of the depletion-mode type. Here the conducting channel is lightly doped or even 

undoped making it non-conductive. This results in the device being normally “OFF” 

(non-conducting) when the gate bias voltage, VGS is equal to zero. The circuit symbol 
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shown above for an enhancement MOS transistor uses a broken channel line to 

signify a normally open non-conducting channel. 

For the n-channel enhancement MOS transistor a drain current will only flow 

when a gate voltage ( VGS ) is applied to the gate terminal greater than the threshold 

voltage (VTH ) level in which conductance takes place making it a transconductance 

device. 

The application of a positive (+ve) gate voltage to a n-type eMOSFET attracts 

more electrons towards the oxide layer around the gate thereby increasing or 

enhancing (hence its name) the thickness of the channel allowing more current to 

flow. This is why this kind of transistor is called an enhancement mode device as the 

application of a gate voltage enhances the channel. 

Increasing this positive gate voltage will cause the channel resistance to 

decrease further causing an increase in the drain current, ID through the channel. In 

other words, for an n-channel enhancement mode MOSFET: +VGS turns the transistor 

“ON”, while a zero or -VGS turns the transistor “OFF”. Then, the enhancement-mode 

MOSFET is equivalent to a “normally-open” switch. 

The reverse is true for the p-channel enhancement MOS transistor. 

When VGS = 0 the device is “OFF” and the channel is open. The application of a 

negative (-ve) gate voltage to the p-type eMOSFET enhances the channels 

conductivity turning it “ON”. Then for an p-channel enhancement mode 

MOSFET: +VGS turns the transistor “OFF”, while -VGSturns the transistor “ON”. 

Enhancement-mode N-Channel MOSFET and Circuit Symbols 
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Enhancement-mode MOSFETs make excellent electronics switches due to 

their low “ON” resistance and extremely high “OFF” resistance as well as their 

infinitely high input resistance due to their isolated gate. Enhancement-mode 

MOSFETs are used in integrated circuits to produce CMOS type Logic Gates and 

power switching circuits in the form of as PMOS (P-channel) and NMOS (N-

channel) gates. CMOS actually stands for Complementary MOS meaning that the 

logic device has both PMOS and NMOS within its design. 

The MOSFET Amplifier 

Just like the previous Junction Field Effect transistor, MOSFETs can be used to 

make single stage class “A” amplifier circuits with the enhancement mode n-channel 

MOSFET common source amplifier being the most popular circuit. The depletion 

mode MOSFET amplifiers are very similar to the JFET amplifiers, except that the 

MOSFET has a much higher input impedance. 

This high input impedance is controlled by the gate biasing resistive network 

formed byR1 and R2. Also, the output signal for the enhancement mode common 

source MOSFET amplifier is inverted because when VG is low the transistor is 

switched “OFF” and VD(Vout) is high. When VG is high the transistor is switched 

“ON” and VD (Vout) is low as shown. 

Enhancement-mode N-Channel MOSFET Amplifier 

 

The DC biasing of this common source (CS) MOSFET amplifier circuit is 

virtually identical to the JFET amplifier. The MOSFET circuit is biased in class A 

http://www.electronics-tutorials.ws/logic/logic_1.html
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mode by the voltage divider network formed by resistors R1 and R2. The AC input 

resistance is given as RIN = RG = 1MΩ. 

Metal Oxide Semiconductor Field Effect Transistors are three terminal active 

devices made from different semiconductor materials that can act as either an 

insulator or a conductor by the application of a small signal voltage. The MOSFETs 

ability to change between these two states enables it to have two basic functions: 

“switching” (digital electronics) or “amplification” (analogue electronics). Then 

MOSFETs have the ability to operate within three different regions: 

1. Cut-off Region   –  with VGS < Vthreshold  the gate-source voltage is lower than 

the threshold voltage so the MOSFET transistor is switched “fully-OFF” andIDS = 0, 

the transistor acts as an open circuit.  

2. Linear (Ohmic) Region   –  with VGS > Vthreshold  and VDS < VGS the transistor 

is in its constant resistance region and behaves as a voltage-controlled resistor whose 

resistive value is determined by the gate voltage, VGS 

3. Saturation Region   –  with VGS > Vthreshold the transistor is in its constant 

current region and is switched “fully-ON”. The current IDS = maximum as the 

transistor acts as a closed circuit 

MOSFET Summary 

The Metal Oxide Semiconductor Field Effect Transistor, or MOSFET for short, 

has an extremely high input gate resistance with the current flowing through the 

channel between the source and drain being controlled by the gate voltage. Because 

of this high input impedance and gain, MOSFETs can be easily damaged by static 

electricity if not carefully protected or handled. 

MOSFET’s are ideal for use as electronic switches or as common-source 

amplifiers as their power consumption is very small. Typical applications for metal 

oxide semiconductor field effect transistors are in Microprocessors, Memories, 

Calculators and Logic CMOS Gates etc. 

Also, notice that a dotted or broken line within the symbol indicates a normally 

“OFF” enhancement type showing that “NO” current can flow through the channel 

when zero gate-source voltage VGS is applied. 
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A continuous unbroken line within the symbol indicates a normally “ON” 

Depletion type showing that current “CAN” flow through the channel with zero gate 

voltage. For p-channel types the symbols are exactly the same for both types except 

that the arrow points outwards. This can be summarised in the following switching 

table. 

MOSFET type VGS = +ve VGS = 0 VGS = -ve 

N-Channel Depletion ON ON OFF 

N-Channel Enhancement ON OFF OFF 

P-Channel Depletion OFF ON ON 

P-Channel Enhancement OFF OFF ON 

 

So for n-type enhancement type MOSFETs, a positive gate voltage turns “ON” 

the transistor and with zero gate voltage, the transistor will be “OFF”. For a p-

channel enhancement type MOSFET, a negative gate voltage will turn “ON” the 

transistor and with zero gate voltage, the transistor will be “OFF”. The voltage point 

at which the MOSFET starts to pass current through the channel is determined by the 

threshold voltage VTH of the device. 

Контрольні питання 

1. Which are basic MOSFET’s characterestics? 

2. Where are MOSFETs applied mostly? 

3. Which types of MOSFET are there? 

Література: [1, с. 151–195; 2, 421–470]. 
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3 КРИТЕРІЇ ОЦІНЮВАННЯ ЗНАНЬ СТУДЕНТІВ 

 

Об’єктивне оцінювання знань студентів у межах кредитно-модульної 

системи в умовах упровадження ідей Болонського процесу має сприяти 

підвищенню якості підготовки та конкурентоспроможності фахівців, стимулювати 

самостійну та систематичну роботу студента протягом навчального семестру. 

Досягається така об’єктивність запровадженням відповідних критеріїв 

оцінювання, тобто системи вимог до рівня знань і вмінь студента, які він повинен 

продемонструвати для підтвердження набутих ним компетенцій за 100-бальною 

шкалою (100 %). 

Модуль 1 

Види занять Змістовий модуль 1 

Т1 Т2 Т3 Т4 Т5 бали 

Практичні заняття 6 6 6 6 6 30 

Самостійна робота 6 6 6 6 6 30 

Поточн. контр.:  тест 5 5 10 

Індивідуальний проект 15 15 

Ін. види поточн. контр. 5 5 

Усього:  100 

Примітка: Т1 ... Т5 – теми. 

Шкала оцінювання: національна та ECTS 

Сума балів за 

всі види 

навчальної 

діяльності 

Оцінка ECTS 

Оцінка за національною шкалою 

для іспиту, курсового 

проекту (роботи), практики 
для заліку 

90–100 А відмінно 

зараховано 

82–89 В 
добре  

74–81 С 

64–73 D 
задовільно  

60–63 Е 

35–59 FX 
незадовільно з можливістю 

повторного складання 

не зараховано з 

можливістю повторного 

складання 

0–34 F 

незадовільно з 

обов’язковим повторним 

вивченням дисципліни 

не зараховано з 

обов’язковим повторним 

вивченням дисципліни 
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Методичні вказівки щодо виконання практичних занять з навчальної 

дисципліни «Cпецкурс англійської мови» для студентів денної форми навчання 

зі спеціальності 151  «Автоматизація та комп’ютерно-інтегровані технології» 

за освітньо-професійною програмою «Комп’ютерно-інтегровані технологічні 

процеси і виробництва» освітнього ступеня «Магістр». Частина 1 
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