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ZADANI

Seznamte se s ulohami vyucovanymi v ramci laboratornich cvieni predmétu Analogova
technika. Navrhnéte mozné modifikace piipadné zcela nové tlohy s ohledem na inovaci
daného predmétu. Vystupem prace budou detailni navody, které¢ budou obsahovat zadani,

uvod do probirané problematiky, postup prace, schéma méfeni a o¢ekavané vysledky.



ABSTRAKT

Predmét Analogova technika se zabyva zakladnimi analogovymi funk¢énimi bloky a jejich
vyuziti V souCasnych elektronickych zafizenich. Sklad4d se z ptednasek a laboratornich
cviceni, kde si studenti mohou ovéfit nabyté znalosti v praxi. Tato prace obsahuje detailni
navody S postupem fteseni vSech laboratornich uloh, méfenych béhem celého semestru
Vv laboratornich cvicenich. Tato cviceni slouzi jako pomicka pro lepsi pochopeni
problematiky pfedmétu Analogova technika. Navody se skladaji z teorie tykajici se
probiraného tématu, pozadovanymi Ukoly, které mé student splnit, schémat zapojeni
a pokud to dana uloha vyZzaduje, tak i potiebnych matematickych vzorci K vypoctu
pozadovanych hodnot. Pro lep$i nazornost a k ovéfeni spravnosti postupi prace Se
v obvodech vyuzije osciloskop. Navody také obsahuji tabulky k vytisténi a zapsani
vypoc¢itanych hodnot, které jsou vystupem nékterych uloh. Hlavnim cilem této prace je zvysit
urovenn znalosti studentii pfedmétu Analogova technika a zvySit efektivitu prace

V laboratofich.

KLIiCOVA SLOVA

Analogova technika, tranzistor, operacni zesilova¢, zpétna vazba, diferencialni zesilovac,

generator, stejnosmérny zdroj



ABSTRACT

Subject Analog Technology focuses on basic analogue functional blocks and their usage in
modern electronic devices. Theoretical part of a particular topic is taught at lectures and
laboratory exercises are used to demonstrate specific examples to strengthen student’s
knowledge. This paper contains comprehensive manuals with measuring procedures for all
compulsory laboratory tasks, for students, to better understand all topics discussed in the
subject Analog Technology. These manuals include theory regarding certain topic,
mandatory tasks for students, connection diagrams and in some cases, necessary math
equations to calculate outcome values. To verify correctness of a working procedure and for
clarity an oscilloscope will be utilized. These manuals also contain tables
as attachments, which are prepared to be printed and filled in with calculated values that are
the outcome of some laboratory tasks. The main purpose of this thesis is to enhance the level
of knowledge of students attending the subject Analog Technology and to improve

effectiveness of the work in laboratories.
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Analog technology, transistor, operational amplifier, feedback, differential amplifier,

oscillator, DC power source
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1. INTRODUCTION

Analog technology is a subject taught in the 2" year of a bachelor study programme “English
in Electrical Engineering and Informatics”. The programme is a combination of an electrical
engineering and linguistics. During three years of studies students have to pass many
different subjects from each field, that is English and electrical engineering.

Analog technology covers many different topics from modern world, where basic functional
blocks and analogue elements are parts of each device. These are then essential in conversion

of a signal from analogue into digital, and vice versa.

Course curriculum includes: amplifiers, bipolar junction transistors (BJT), field-effect
transistors (MOSFETSs), transistor amplifiers, operational amplifiers, oscillators with

feedback and basic direct current (DC) power supplies.

The subject Analog technology is composed of lectures and obligatory laboratory exercises,
where students are required to utilize acquired knowledge from lectures. The laboratory
exercises include tasks based on topics: transistor amplifier, astable multivibrator and DC
power source. During each of these three tasks a pair of students has to assemble particular
circuit and perform given tasks to obtain the results they need to complete successfully
a particular exercise. These three tasks are main representatives of the theory discussed at
lectures. Besides these, one more manual will be introduced regarding topic operational
amplifiers, which in my opinion play significant role in today’s electronics, therefore students
should obtain some experience in this topic. With this, the curriculum will be entirely
represented also in laboratory. These four topics are also a state exam questions from the
subject Analog technology.

I have chosen this topic, not only that the subject itself is highly interesting especially these
days. But also to be able to help future students at my study program, which will be able to
use these manuals in laboratory exercises. In my experience, and I think I do not talk just for
myself but for other students too, a comprehensive manual helps significantly and can even

make students more interested in given topic. | have witnessed and experienced the help of a



manual and not just the teacher, who cannot be with every group of students simultaneously,

while the manual is still available.

Therefore this thesis will provide an insight into the theory of all four previously mentioned
topics and furthermore four manuals that are introduced in following chapters, students

should be able to complete all of the requirements without any difficulty.

In laboratories students are provided with laboratory equipment such as laboratory power
source, an oscilloscope, a generator, together with cables and connection board with all

necessary components, for example resistors, capacitors, transistor and diodes.



2. TRANSISTOR AMPLIFIER

Almost all electronic equipment must include means for amplifying electrical signals. This
operation can do properly biased transistor which raises the strength of a weak signal and
thus acts as an amplifier. (Mehta, 2008, p. 240)

Transistors are semiconductor devices that act as either electrically controlled switches or
amplifiers. The convenience of transistors is the way they can control electric current flow in
a manner similar to the way a faucet controls of water. With a transistor, a small voltage
and/or current applied to a control lead acts to control a larger electric flow through its other
two leads. The two major types of transistors are bipolar transistors and field-effect
transistors (FETs). The main difference is that the bipolar transistors require a biasing input
(or output) current at their control leads, whereas FETSs require only a voltage — practically
no current. Generally FETs are more popular in circuit design nowadays, besides drawing
essentially zero current, they are easier to manufacture, cheaper to make, and can be made
extremely small (integrated circuits). Nevertheless for amplifier circuits bipolar transistors
are used more frequently due to their higher transconductance, thus larger voltage gain.
(Scherz, 2016, p. 429)

2.1. Single stage transistor amplifier

When only one transistor with associated circuitry is used for amplifying a weak signal,

the circuit is known as single stage transistor amplifier. An example can be Figure 2.

The amplification process starts when a weak AC signal is given to the base of a transistor,
a small base current starts flowing. Due to transistor action, a much larger ( times larger)
AC current flows through the collector load. Thus a weak signal applied to the base appears
in amplified form in the collector circuit. That is the way how transistor acts as
the amplifier. (Mehta, 2008, p. 241)



2.2. Bipolar transistors

Bipolar transistors come in either npn or pnp configurations (see Figure 1). An npn bipolar
transistor uses a small input current and positive voltage at its base to control a much larger
collector-to-emitter current. Conversely, a pnp transistor uses a small output base current and

negative base voltage to control a larger emitter-to-collector current. (Scherz, 2016, p.430,

431)

npn pnp

collector collector
base base

emitter emitter

Figure 1: Bipolar transistors
(Retrieved from: Scherz, 2016, p. 431)



2.3. Different configurations

There are three useful ways how to connect a transistor, with common-emitter (CE),
a common-collector (CC), or a common-base (CB). Each of these different connections has
its own advantages. But for our amplifying purposes the CE connection is most widely used.

Figure 2: CB, CE, CC

(Retrieved from: https://www.researchgate.net/)

2.3.1. Common-emitter (CE) configuration

The emitter is at ground potential — hence the name common-emitter. Ciy is a coupling
capacitor that couples the AC generator voltage to the base of the transistor. The internal
resistance of the generator will not affect the DC bias of the transistor because the capacitor
blocks DC. Ck is called an emitter bypass capacitor which provides a low-impedance path
for AC signals between the emitter terminal and ground. It also holds the emitter constant.
Thus, when the base voltage varies and the emitter voltage is held constant, the change is
directly across the base-emitter junction of the transistor. In other words Cin also together
with Cc act as a short circuit as in interested to block DC. Cc also works as coupling capacitor
in multi-stage amplifiers, if it is not used, the bias conditions of next stage will be drastically
changed due to the shunting effect of Rc. (Schultz, 2011, p. 910, 911)


https://www.researchgate.net/

+Vce
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Figure 3: Common-emitter configuration
(Retrieved from: Mehta, 2008, p. 242)

In the common-emitter connection, when the input signal voltage increases in the positive
sense, the output voltage increases in the negative direction and vice-versa. In other words,
there is a phase difference of 180°. (Mehta, 2008, p. 244)

The input voltage is applied to the base and the output is taken from the collector.

The voltage gain is:

_Vour _ Rc 1)

where Vour is the output voltage and Vin input voltage.

A common-emitter amplifier provides a large voltage gain, a large current gain, and a very
high power gain. (Schultz, 2011, p. 938)



2.3.2. Common-base (CB) configuration

The common-base amplifier is used less often than the common-emitter or common-collector
amplifier. The CB amplifier provides a high voltage and power gain, but the current gain is
less than one. Unlike CC amplifier, the CB amplifier has extremely low input impedance.
This is a significant disadvantage and that is the reason why they are used so infrequently.
The low input impedance loads down the AC signal source driving the CB amplifier.
However, the CB provides some desirable features for operation at higher frequencies.
Another application of the CB amplifier is as a unity-gain current amplifier or current buffer.
(Schultz, 2011, p. 931)

The base of a CB is grounded, the input signal is applied to the emitter and the output is taken
from the collector. The output signal voltage is in phase with the input signal voltage = no
phase shifting. (Schultz, 2011, p. 931)

Vce
Rc
Cout
i v |
ale +

O
R’m_> Re

Vin

-Vss
Figure 4: Common-base configuration

(Retrieved from: Analog technology — student’s book p. 37)



2.3.3. Common-collector (CC) configuration

The common-collector amplifier is used to provide current gain and power gain.
The voltage gain equals approximately one. As the name suggests, the collector is common
to both the input and output sides of amplifier. The input signal is applied to the base and the
output is taken from the emitter, therefore an emitter bypass capacitor is not used.
The output signal is in phase with the input signal. Because the output signal follows the
input signal, the CC amplifier is usually referred to as emitter follower. Important
characteristics of emitter follower is that it has a high input impedance and a low output

impedance, which make it ideal for impedance matching applications. (Schultz, 2011, p. 921)

]

~J N~

—1 i

@ ol

—O +Vce

Figure 5: Common-collector configuration
(Retrieved from: Malvino, 2015, p. 334)

The output voltage is a replica of the input, but 0.6 to 0.7 volt less positive (one diode drop).
For this circuit V\n must stay at + 0.6V or more, or else the output will have ground potential.
By returning the emitter resistor to a negative supply voltage, negative voltage swings can
be permitted as well. There is also no collector resistor in an emitter follower. (Horowitz,
1989, p. 65)



3. OPERATIONAL AMPLIFIER

An operational amplifier (commonly called op amp, oamp or opamp) is a device that can be
used to perform mathematical operations such as amplification, attenuation, addition,
subtraction, integration, and differentiation. It is widely used electronic device, usually as an
integrated circuit (IC). (Kang, 2016, p. 314) The circuit symbol is shown in Figure 6.

+Vce
NONINVERTING
INPUT ° *
OUTPUT
INVERTING _
INPUT ©
-VEeE

Figure 6: Circuit symbol of op amp with power terminals
(Retrieved from: Malvino, 2015, p. 668)

There are two input terminals, one output and two power supply terminals.
The noninverting input “+”” means that the phase shift between this input and output is zero,
while inverting input with “-* sign indicates 180° phase shift, hence the name. (Maxfield,
2008, p. 396)

The op amp is designed to sense the difference between the two inputs, to which two voltages
are connected. Then the difference is multiplied by the gain A, and causes

the resulting voltage to appear at the output. Thus the output voltage is:

Vour = A * (UZ - 171), (2)

where A is the gain and vi and vz are the voltages at inputs.



The A is called the open-loop voltage gain because it is the gain of the op amp without any
external feedback from the output to input. (Alexander, 2009, p. 177)

If the op amp has only one input, then the output voltage will be:

Vour = A * v, (3)

where A is the gain and vi is the input voltage.

3.1. Ideal operational amplifier

An op amp is ideal if it has the following characteristics:

¢ Infinite open-loop gain
¢ Infinite input resistance
e Zero output resistance
¢ Infinite bandwidth

¢ Infinite common-mode rejection

11=0
o— > _
T —
|2:O +
V1 o——=*l+ v
0
+V2:V1
O -O

I

Figure 7: Ideal op amp
(Retrieved from: Alexander, 2009, p. 180)

For circuit analysis and ideal op amp is illustrated in Figure 7. Two important properties of
ideal op amp we can derive: the current into both input terminals are zero (due to infinite

10



input resistance) and that the voltage across the input terminals is equal to zero; therefore
these voltages are equal. These two characteristics are extremely important regarding

analyzing of op amp circuits. (Alexander, 2009, p. 180)

3.2. Inverting amplifier

To make inverting amplifier, a feedback has to be introduced. The term feedback refers to
sampling a portion of the output signal from amplifier and feeding it back either to aid or to
oppose the input signal. The negative feedback means that the returning signal via a resistor
Is connected to the inverting terminal. If the feedback would be connected to
the noninverting terminal it is called positive feedback.

The negative feedback can significantly improve the performance of the op amp, mainly by
stabilizing the voltage gain, improving the input and output impedances and increasing
of the bandwidth. (Schultz, 2011, p. 1054)

Vour

Figure 8: Inverting op amp
(Retrieved from: Malvino, 2015, p. 680)

In this circuit, the noninverting input is grounded, vin is connected to the inverting input
through Ri, and the feedback resistor Rf is connected between the inverting input and

the output. (Alexander, 2009, p.181) The vin is amplified by the open-loop voltage gain to

11



produce an inverted output voltage. The output voltage is fed back to the input through
feedback resistor Ry. This results in negative feedback because the output is 180° out of phase
with the input. (Malvino, 2015, p. 680)

This will result in closed-loop gain:

Vout - _ Rf (4)

where Vout IS the output voltage, vin is the input voltage, Ry is the feedback resistor.

Because of the infinite gain and infinite input resistance, the current through both resistors
has to be the same. Furthermore, since v, is zero, the virtual ground means that
the inverting input acts like a ground for voltage but an open for current. Therefore, the virtual

ground means having zero voltage but not physically connected to the ground.

3.3. Noninverting amplifier

Ol

Figure_9: Noninverting op amp
(Retrieved from: Alexander, 2009, p. 183)

12



The input signal is directly applied to the noninverting input of the op amp, so that the input
and output will be in phase. Resistor R is connected between the ground and the inverting

terminal. The closed-loop gain is:

1% R
ACL _ out — (1 +—f>, (5)

where vout IS the output voltage, vin is the input voltage, Ry is the feedback resistor.

3.4. Other configurations

3.4.1. Voltage follower

This configuration is also called a unity gain amplifier, buffer amplifier, or isolation
amplifier. The input voltage is applied to the noninverting terminal, therefore the input
and output voltages are in phase. The output is directly connected to the inverting terminal
SO Vin = Vout. The result is a voltage gain of 1, a very high input resistance and a very high
output resistance. The voltage follower is an ideal interface to use between a high-impedance
source and a low-impedance load. (Schultz, 2011, p. 1060, 1061)

VouT
VIN

Figure 10: Voltage follower
(Retrieved from: Malvino, 2015, p. 693)
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3.4.2. Difference amplifier

Difference (or differential) amplifiers are used in applications where is a need to amplify the
difference between two input signals, while rejecting any common signals. (Alexander, 2009,
p. 187)

R2

N
| I

Rl Va

0
— 1 ——>

+ |&| Vb L +
V1 C) ' | I +
- \Y/
R4 °

V2

O |

Figure 11: Difference amplifier
(Retrieved from: Alexander, 2009, p. 187)

3.4.3. Summing amplifier

Besides amplification and differentiation the opamp can perform addition, which is
performed by the summing dmplifier. A summing amplifier is an opamp circuit that combines
several inputs and produces an output that is the weighted sum of the inputs.
It takes the advantage that inverting input can handle many inputs at the same time.
(Alexander, 2009, p.185) Because the inverting input has zero current, all of the input current
combine to flow through the feedback resistor. Because Ri1= R>= R3, the voltage gain of the
circuit is one and the total output voltage is inverted sum of the input voltages. When the

voltage gain is different for each input, formula for the output voltage becomes:

14



) ®)

R2 i2 ilo

Rs i 0
Vs 0——] IL_’Ig —> 1 *
Vo
o °

Figure 12: Summing amplifier
(Retrieved from: Alexander, 2009, p. 185)

3.4.4. Comparator

No feedback is applied in comparator, therefore the circuit uses the maximum gain of given
operational amplifier. As the name suggest, a typical application for a comparator is that of
comparing a signal voltage with a reference voltage. The output will go high (or low) in order

to signal the result of the comparison. (Maxfield, 2008, p. 415, 416)
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4. OSCILLATOR

Within nearly every electronic device it is essential to have an oscillator or waveform
generator of some sort. Apart from the case of signal generators, function generators and
pulse generators themselves, a source of regular oscillations is necessary in any cyclical
measuring instrument. Therefore, we can find an oscillator in digital multimeters,

oscilloscopes, radiofrequency receivers, computers etc. (Horowitz, 1989, p. 284)

Oscillators can produce sinusoidal (harmonic) wave, we call them linear oscillators or non-
sinusoidal (e.g. square) waves, so called non-linear. The desired signal is produced only with

DC power source as an input.

4.1. Linear oscillator

The basic structure of a sinusoidal oscillator is an amplifier and frequency selective network
connected in positive feedback loop. The idea is to use the feedback signal in place of the
input signal. If the feedback signal is large enough and has the correct phase, there will be an
output signal even though there is no external input signal. (Malvino, 2015,
p. 904)

Xi(5) o—— AG) Xo (9

f(s)

Figure 13: Linear oscillator
(Retrieved from: Schubert, 2016, p. 926)
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The closed-loop gain is:

A(s) )
1-A@S)f(s)

To produce continuous undamped oscillations at the output of an amplifier, the Barkhausen

Af(S) =

Criterion must be fulfilled:

e The total phase shift through the whole network must be X*360°, where X =1,2, ...

e The magnitude of the loop gain must be constant

(Mehta, 2008, p. 369)
4.1.1. Phase-shift oscillator

The phase-shift oscillator is one of the RC oscillators, another example may be Wien-bridge

oscillator.

The phase-shift oscillator is one of the simplest oscillators to design and construct in
the audio frequency range. The oscillator exemplifies the simple principles and conditions of
oscillation discussed previously. (Schubert, 2016, p. 930) A simple op amp phase oscillator

is shown in Figure 14.

R R R l—y

-VEe

Figure 14: Phase-shift oscillator
(Retrieved from: Malvino, 2015, p. 911)
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In this circuit, an inverting op amp is connected to a RC ladder network consisting of three
cascaded arrangements of a resistor and a capacitor. The three resistors and three capacitors
have identical values. If the reactive RC network on the inverting amplifier is neglected,
the output signal would be shifted by a 180°. At a particular frequency, the RC network shifts
the phase by an additional 180° (each RC connection by a 60°), resulting in a total phase shift
of 0°. Therefore, the criterion to oscillate is fulfilled. (Schubert, 2016, p. 930, 931)

4.2. Non-linear oscillator

In addition to sinusoidal waveforms, electronic devices often need signals with other wave
shapes. Common waveforms include single pulses of fixed duration as well as periodic
square or triangular waves. Fixed-duration pulses are used primarily for timing of events in

communication and control systems.

Electronic circuits that generate non-sinusoidal waveforms, such as pulse, square and
triangular waveforms are typically based upon electronic multivibrators. These
multivibrators are characterized by a very rapid transition between two distinct output states
and are divided into three groups based on the time stability of these output states:

e A bistable multivibrator (or Schmitt trigger) will rest indefinitely in either output state
until triggered to change state. It has two stable states.

e A monostable multivibrator has one stable state: the other state is of fixed duration
that can only be activated with a triggering signal.

e An astable multivibrator has no stable state. A constant, periodic switching between

quasi-stable states.

(Schubert, 2016 p. 969)
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4.2.1. Schmitt trigger oscillator

One of the simplest forms of a bistable circuit is the comparator (See chapter 3.4.3.) but noise
can ruin their usage as an oscillator, therefore a positive feedback will be used. Positive
feedback retains the rapid output transition of comparator, but alerts the trigger level. This

circuit is called Schmitt trigger oscillator:

R2

+Vce

R1

vwo—1{___ T +

—

= -VEE

Vout

Figure 15: Noninverting Schmitt trigger oscillator
(Retrieved from: Malvino, 2015, p. 867)

Aside from being especially useful in converting slowly varying or a noisy signal into
a clean, pulsed form with sharp transitions, the Schmitt trigger is particularly useful in
converting sine-wave input into a pulse-train output. (Schubert, 2016 p. 972)

The Schmitt trigger can be realized in many configurations. When comparator is used
as the basic active element, inverting and non-inverting forms are realized. The additional

resistors provide stable reference voltage. (Schubert, 2016 p. 972)

A bistable multivibrator can also be used in special connection to create a triangular
waveform. An integrator will be connected to the output of the bistable multivibrator, which

causes linear charging and discharging of capacitor, thus creating triangular waveform.
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4.2.2. Astable multivibrator

An astable multivibrator continuously transition between quasi-stable output states.
The output of the astable therefore becomes a square wave with the waveform as a possible
variable. An example of one such stable circuit is shown in Figure 15. Here are the two inputs
to a comparator coupled to the output through two different type networks. The non-inverting
input is connected through a resistive voltage divider and the inverting terminal is connected
to the output by an RC charging network. This input exponentially transitions toward the
output voltage. When the inverting input voltage matches the voltage at the non-inverting
input, the output voltage toggles to the other quasi-stable state. This output toggling cause
successive exponential change and toggling. (Schubert, 2016, p. 974)

Rt

Vo

R

C
T -  +—

Figure 16: Astable multivibrator
(Retrieved from: Schubert, 2016, p. 974)
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4.2.3. Monostable multivibrator

A monostable multivibrator produces a single output pulse, typically of precise amplitude
and duration, each time trigger signal is applied to the input. As such, monostable
multivibrators are useful in transforming a train of pulses with variable amplitude and/or
duration into a train of pulses with standard amplitude duration. The output during the single
pulse is a quasi-stable: between pulses the output is stable. (Schubert, 2016, p. 975)

A stable multivibrator can be transformed into a monostable multivibrator by stabilizing one
of the quasi-stable output states. The circuit has its negative output stabilized by
the introduction of stabilizing diode. This diode prevents the inverting input, from becoming

sufficiently negative to fall below the lower non-inverting state. (Schubert, 2016, p. 976)

C1
Vin 'r

Vo

Ds C

Figure 17: Monostable multivibrator
(Retrieved from: Schubert, 2016, p. 976)

21



5. DC POWER SUPPLY

Circuits and devices usually require a DC power supply that can maintain a fixed voltage
while supplying enough current to drive a load. Batteries and fuel cells are reliable DC
sources, but their relatively low current capacities make them impractical for driving higher
current, more frequently used circuits. An alternative solution is to take a 230V AC, 50 Hz

line voltage and convert it into suitable DC voltage. (Scherz, 2016, p. 699)

Power sources can either stand alone or be build-in with the load e.g. personal computer.
Also, the energy can be obtained from various sources and not just from the wall outlets, for

instance fuel cells or renewable energy.

The process of converting the AC line voltage into a usable (typically lower) DC voltage is
to use an input transformer to step down the AC voltage. After that, the transformed voltage
is applied through a rectifier network to get rid of the negative swings (or positive swings if
a negative voltage supply is designed). After negative swings are eliminated, a filter network
is used to flatten out the rectified signal into a nearly flat DC voltage, which is then provided
by regulator to the load. (Scherz, 2016, p. 699)

The example of a DC power source is shown in Figure 17. below, as well as the signal at

each step which is being converted from AC to certain value DC.

v

230v AC° g > >

Transformer Rectifier "| Smoothing | Regulator Load
Supply oy . > > >

4
Iv’\ N X I‘/\ favay I/\_‘/‘\_/\-J\i
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I Transformer |Recuf:ed output |Fi|tered output Pure dc output
£
Input Waveform output

Figure 18: DC power source

(Retrieved from: https://steemit.com/)
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There are two approaches to do this conversion. The more traditional approach is to use
a step-down transformer (“linear supply”). The other approach is to use a “switch-mode”
power supply. This method is more recent and has already taken over “linear power
supplies”, which are rather simple devices consisting of only a few elements (Gurevich, 2014,
p. 55). As a result of this change, every-day used power supplies got smaller and lighter.
(Scherz, 2016, p. 699)

5.1. Rectifier circuits

The output signal of the step-down transformer has now required value, however it is still an
AC signal, therefore a rectification to one polarity is needed. For that purpose a single diode
can be used. A diode is a two-lead nonlinear semiconductor device that acts as one-way gate
to the flow of electric current. When a diode’s anode lead is made more positive in voltage
than its cathode lead — a condition called forward biasing — current is permitted to flow
through the diode. However, if the polarities are reversed — a condition referred to as reversed
biasing — the diode acts to block current flow. (Scherz, 2016, p. 407) Therefore only positive
part of a sine wave continues further. This process is called “half-wave rectification” which
is a simpler solution. Another type is “full-wave rectification” that

is the more efficient solution.

In
BREAKDOWMN FORWARD
REVERSE REGION
CURRENT
‘ }
—Iﬁ .\ Vp
KMEE == 0.7 V
REVERSE
REGION

Figure 19: V-l Characteristic of a diode
(Retrieved from: Malvino, 2015, p. 59)
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5.1.1. Half-wave rectification

Figure 19. shows a half-wave rectifier circuit. The AC source produces a sinusoidal voltage.
Assuming an ideal diode, the positive half-cycle of the signal will forward-bias
the diode, therefore this positive half-cycle of the input signal will appear across the load
resistor. On the negative half-cycle, the diode is reverse biased, hence no voltage appears
across the load resistor. (Malvino, 2015, p. 88)

IDEAL

A’:K

RL

Figure 20: Half-wave rectifier circuit
(Retrieved from: Malvino, 2015, p. 88)

Vout

Figure 21: Half-wave rectified signal
(Retrieved from: Malvino, 2015, p. 88)

The average value of the half-wave rectified voltage is the same as the value a DC voltmeter
would measure. Therefore the efficiency of this rectification is only around

31.8 %. Hence the equation:
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(8)

3 |5

VDC -

where Vp is peak value of the signal.
5.1.2. Full-wave rectification

Similarly to the half-wave rectifier, a full-wave rectifier circuit produces an output voltage
or current which has only the DC component. Full-wave rectifiers have some fundamental
advantages over half-wave rectifiers. The average (DC) output voltage is twice as higher than
in half-wave, the output has also much less ripple and produces smoother output waveform.

(https://www.electronics-tutorials.ws/diode/diode 6.html)

In a full-wave rectifier circuit two diodes are used, one for each half of the cycle.
A multiple winding transformer is used whose secondary winding is split equally into two
halves with a common centre tapped connection. This configuration results in each diode
conducting in turn when its anode terminal is positive with respect to the transformer centre
point, producing an output during both half-cycles. The connection diagram is shown
on the next page in Figure 21. together with resulting output signal. (https://www.electronics-

tutorials.ws/diode/diode _6.html)
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Figure 22: Full-wave rectifier circuit and output signal

(Retrieved from: https://www.electronics-tutorials.ws/)

Thus the resulting efficiency is around 63.7 % and average voltage is:

2% Y (©)
Vape = L
AVG T

where Vp, is the peak value of the signal.

A different type of circuit that produces the same full-wave rectification is a full-wave bridge
rectifier. This type of rectifier uses four individual rectifying diodes connected in closed loop
“bridge” configuration to produce the desired output. The main advantage of this bridge
circuit is that it does not require a special centre tapped transformer, thereby reducing its size

and cost. (https://www.electronics-tutorials.ws/diode/diode 6.html)

The four diodes are arranged in “series pairs” with only two diodes conducting current during
each half cycle. During the positive half cycle of the supply, diodes D1 and D> conduct in
series while diodes Dz and D4 are reversed biased and the current flows through the load.
During the negative half cycle, diodes D3z and D4 conduct in series while diodes D1 and D>

are reversed bias. (https://www.electronics-tutorials.ws/diode/diode 6.html)

———————

' Load

Figure 23: Full-wave bridge rectifier circuit

(Retrieved from: https://www.electronics-tutorials.ws/)
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5.2. Filters

After transforming the input AC voltage and rectifying the signal to only one polarity either
by half-wave or full-wave rectifier additional filtering/smoothening of a signal is necessary.
The filter is a device that allows passing the DC component of the load and blocks the AC
component of the rectifier output. Thus the output of the filter circuit will be a steady DC
voltage. The filter can be constructed by the combination of components like capacitors,
resistors and inductors. In DC power supply a capacitor as a filtering device is used.

(http://www.circuitstoday.com/filter-circuits)

5.2.1. Capacitor-input filter

A capacitor-input filter is a filter circuit in which a high value capacitor is connected in
parallel with the output of the rectifier in a linear power supply. The capacitor increases

the DC voltage and decreases the ripple of the output voltage.

This capacitor, when placed across a rectifier output gets charged to the maximum value of
the supply voltage and stores the charged energy during the conduction period (when
rectifying diodes are forward biased). When the capacitor is fully charged, it holds

the charge until the input AC supply to the rectifier reaches the negative half cycle.

When the rectifier is not conducting (diodes reversed biased = negative part of sinusoidal
waveform) this energy charged by the capacitor is delivered to the load. Since the rectifier
diode conducts only in the forward direction, any energy discharged by the capacitor will
flow into the load. Through this energy storage and delivery process, the time duration during
which the current flows through the load resistor gets increased and the ripples are decreased.
This will result in output of a DC voltage with waveform called “sawtooth” (See Figure 23.).

(http://www.circuitstoday.com/filter-circuits) Therefore the signal does not have an ideal DC

waveform vyet, so a regulator in next step of a DC source will be used.

It will be discussed in next subchapter.

27


http://www.circuitstoday.com/filter-circuits
http://www.circuitstoday.com/filter-circuits

Figure 24: Capacitor-input filter circuit

(Retrieved from: https://www.chegg.com/study)

. Capacitor
% discharging

Figure 25: Filtered signal by capacitor

(Retrieved from: https://lecturesclub.com/)

5.2.2. Ripple factor

The ripple factor r is an indication of the effectiveness of the filter and is defined as:

_ Yo-m (10)
VDC ’
where Vip-p) IS the peak-to-peak value of filtered voltage and Vpc is DC voltage (or average)

of input signal.
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The smaller the peak-to-peak value of this ripple, the more closely the output approaches
a perfect DC voltage i.e. the better filter. (Malvino, 2015, p. 104) By increasing the load

resistance or increasing the value of filter capacitor a ripple can be lowered.

If the full-wave or bridge rectifier is connected to capacitor-input filter, the peak-to-peak
ripple is cut in half, because the capacitor discharges for only half as long. Therefore,
the peak-to-peak ripple is half the size it would be with a half-wave rectifier. (Malvino, 2015,
p. 105)

5.3. Voltage regulators

The signal has already passed the transformer, the rectifier and the filter, nevertheless
the signal is still unregulated. This means that if there are any sudden surges within the AC
input voltages (spikes, dips, etc.) these variations will be expressed at the supply’s output.
Using an unregulated power supply with sensitive low current circuits may end by damaging
the devices in that circuit. An unregulated supply also has a problem maintaining a constant
output voltage as the load resistance changes. If a highly resistive (low-current) load is
replaced with lower-resistance (high-current) load, the unregulated output voltage will drop.
For that reason a special circuit, called regulator, has to be connected across
the output of an unregulated supply to convert it into regulated supply - a supply that
eliminates the spikes and maintains a constant output voltage with load variations. (Scherz,
2016, p. 700)

A voltage regulator is designed to adjust automatically the amount of current flowing through
the load, by comparing the supply’s DC output with a fixed or programmed internal reference
voltage. A simple regulator consists of a sampling circuit, an error amplifier, a conduction

element, and a voltage reference element. (Scherz, 2016, p. 700)
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Figure 26: Voltage regulator
(Retrieved from: Scherz, 2016, p. 700)

The regulator’s sampling circuit (voltage divider) monitors the output voltage by feeding
a sample voltage back to the error amplifier. The reference voltage elements (Zener diode)
acts to maintain a constant reference voltage that is used by an error amplifier. The error
amplifier compares the output sample voltage with the reference voltage and then generates
an error voltage if there is any difference between the two. The error amplifier’s output
is the fed to the current-control element (transistor), which is used to control the load current.
(Scherz, 2016, p. 701)

There are two main categories of voltage regulation and that is, “load regulation” which
indicates how much the load voltage changes when load current changes. And it is defined

as:

Vv = Vi 100 % (11)
V )

FL

LoadReg =
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where Vi is Vour voltage with no-load current. The smaller the load regulation, the better is
the power source. (Malvino, 2015, p. 960)

And “line regulation” which regulates the input line voltage. The actual voltage coming out
of a power outlet may vary depending on the time of day and other factors. Since
the secondary voltage is directly proportional to the line voltage, the load voltage will change

when line voltage changes. (Malvino, 2015, p. 961) Line regulation is defined as:

v
LineReg = % * 100 %. (12)

AIN

5.3.1. Linear and switching regulators

A type of regulator and power supply rapidly gaining footholds over the older linear designs
is called a switching regulator. The switching regulator, as the name implies, regulates a
delivery of a power to a load by switching current (or voltage) on and off. (Ashby, 2012, p.
165)
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5.4. Efficiency of a DC power supply

The efficiency of a power supply module is its output power divided by its input power. The
efficiency normally worsens as the load is reduced, because the various losses and operating
currents assume a greater proportion of the input power. Therefore, it is not recommended to
use heavily overrated power supply for its use, if the efficiency is an important factor. Linear
supply efficiency also varies considerably with its input voltage, being worst at high voltages,
because the excess must be lost across the regulator. Switch-mode supplies do not have this
problem. (Maxfield, 2008, p. 572)

Normally efficiency is not of prime concern for main power supplies, since it is not essential
to make an optimum use of the available power, although at higher powers

the heat generated by an inefficient unit can be troublesome. (Maxfield, 2008, p. 573)

Linear power supplies are rarely more than 50 % efficient unless they can be matched
to narrow input voltage range, whereas switch-mode power supplies can exceed 70 % and
with careful design even 90 %. This makes switch-mode power supplies more popular,
despite their greater complexity. (Maxfield, 2008, p. 573)

5.5. Sources of power loss

The components in a power supply that make the major contribution to losses are:

e The transformer: core losses, determined by the operating level and core material and
copper losses.

e The rectifier: diode forward voltage drop (0.7 V); more significant at low voltages.

e Linear regulator: the voltage dropped across series pass element multiplied by the
operating current; greater at high input voltages.

e Switching regulator: power dissipated in the switching element due to saturation

voltage.
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6. LABORATORY MANUALS FOR STUDENTS

This chapter includes all four manuals from previously discussed topics from the subject
“Analog technology”. Each of them starts with a short reminder of theory related to
the topic. The source of all the theory subchapters is a textbook for students which is not yet
released. The author is fully conscious of these paraphrases.

6.1. “Transistor amplifier CE” manual

6.1.1. Objectives

Assemble a transistor amplifier in the common-emitter configuration. Use the oscilloscope
to verify the correctness of a connection and to observe the amplified signal. As a next task
try to replace the generator with a source of a sound e.g. phone, and carefully find out
at which frequencies you are able to hear the sound. Try to change the values of capacitors

and hear the differences (base, depth, pitch) and think why the changes are happening.

6.1.2. Theory

An amplifier is used to increase the amplitude of a signal, without changing any other
parameters. Amplifiers are one of most commonly used circuits in electronics. Bipolar
and MOS transistors are capable of providing useful amplification in three different
configurations: in the common-collector or common-drain configuration, in the common-
base or common-gate configuration or in the common-emitter or common-source
configuration, where the signal is applied to the base or gate of the transistor and
the amplified output is taken from the collector or drain. Each of these configurations
provides a unique combination of parameters such as input and output resistance and voltage,
power and current gain. For our purposes the CE configuration of bipolar transistor will be

used.
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From the connection diagram we can see that the emitter is at ground potential — hence
the name common-emitter. The signal from the source of a signal is coupled into the base of
the transistor the through coupling capacitor C1, which provides the DC isolation between
the amplifier and the source. Basically, it acts as a perfect short circuit at all signal frequencies
while blocking DC. The CE amplifier is inverting, that is, the output signal is 180° out of

phase relative to the input signal.

6.1.3. Connection diagram

10V
s, . 2
REME EEREQ
C) /EI’ Il CH2
1 IIIF I ©
. | C,
CHI1 - -
| M 1 uF

I\/\/ Generator

Vi = sin signal
Vin C) V.ampl. =1V
f=1kHz

Figure 27: Connection diagram of transistor amplifier CE

3 Collector
’ 2
Base
Bottom View 1 Emitter

Figure 28: Schematic diagram of a transistor (bottom view)

(Retrieved from: https://artsandscience.usask.ca/physics/)
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6.1.4. Working procedure

After assembling the circuit indicated in Figure 27. and before connecting it to the main

power supply, always let the teacher check the circuit to prevent any material damage and to

prevent any injury.

a)

b)

d)

f)

9)
h)

Check the workplace if everything is in proper condition and if not, immediately
inform the teacher.

Turn on the electronic devices (the oscilloscope, the generator and the power source)
to let them stabilize before connecting any cables. If the previous values have not
been lowered down, do it before connecting any wires.

Start connecting the circuit according to the circuit diagram Figure 27. Firstly, the
variable resistor Ram2 and resistor Rc with transistor and supply of 10 V. A red LED
diode on the power supply indicates if the output is ON. Set the resistance in such
a way that exactly 5 V will be on the output of the transistor. Use the multimeter. The
middle connection pin and one pin on no matter which side on the variable resistor
has to be connected

Connect the rest of the circuitry components together with two oscilloscope channels,
only one needs to be connected to the ground. Generator will be set to:
f=1kHz, V =1V, sinusoidal waveform. The coaxial cable will be connected from
the output to the connection board, where the bottom connection pin will be ground
and the top connected to the desired place. There is a LED diode under the button
“output” which indicates if the signal is generated.

Try to change the capacitances at the output and at the input and see how the signal
changes its properties. Do these changes always without the supply of 10 V.
Substitute the laboratory generator with your own source of sound by using a Jack
3.5 cable and connect your headphones at the output. The Jack connection port will
have the bottom pin connected to the ground and two remaining connected if you
want to use both left and right channel of your headphones.

Again try different capacitors and listen how the sound changes its properties.

Try out carefully which frequencies you are able to hear.
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1) Lower down all the values on devices to zero and disconnect all cables. Clean
the workplace.

6.1.5. Workplace equipment
Oscilloscope Rigol MSO1074 and two coaxial cables
Generator Agilent 33210A and coaxial cable
Laboratory source Diametral L240R51D with wires
Digital multimeter Keysight 34461A
Connection board
Set of black and red wires to use on the connection board
Transistor
Source of sound and headphones

Cable with Jack connector 3.5
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6.2. “Difference and summing operational amplifier’manual

6.2.1. Objectives

In Task 1 create a circuit with operational amplifier called “summing amplifier”. Verify that
the output voltage of this amplifier is an inverted sum of all input voltages. In task 2
a different mathematical operation will be created by using an operational amplifier, the
difference amplifier. The aim is to prove that the output voltage is the difference of two input

voltages.

6.2.2. Theory

An operational amplifier (op amp) is an electronic device that can perform mathematical
operations, such as amplification, summing, subtraction and many more. The operational
amplifier has two inputs, one output and two power supply inputs. The op amp can be either
in inverting or noninverting connection depending at which input terminal

is grounded.

The difference amplifier is one that responds to the difference between the two signals
applied at its input while the summing amplifier has at the output a weight sum of input

voltages.

6.2.3. Connection diagram

Depending on the availability of the laboratory you will use either one or two generators.
If the teacher does not say otherwise, treat the two sources of the signals as a one, the same

signal will be on both inputs.

37



Task 1: Summing amplifier

Figure 29: Connection diagram of summing amplifier

Task 2: Difference amplifier

Figure 30: Connection diagram of difference amplifier
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Figure 31: Integrated circuit with dual operational amplifier

At the top left corner of the integrated circuit MC1458 there is a small groove as
an indication of the correct position. Obey this rule to prevent the destruction caused by

the wrong polarization.

6.2.4. Working procedure

After assembling the circuit indicated in Figure 29 and 30. and before connecting it to the
main power supply, always let the teacher check the correctness of the connection to prevent

any material damage and to prevent any injury.

a) Check the workplace if all equipment is in proper condition and if not, inform the
teacher.

b) Turn on the electronic devices (the generator, the power source and
the oscilloscope) to let them stabilize before connecting any cables. If the power
source previously has not been lowered down, do it immediately.

c) Assemble the circuit according to the diagram in Figure 29. Be careful about
the polarization of the operational amplifier.

d) Connect one channel of the oscilloscope to the input of the amplifier and one at
the output of the circuit to see the resulting signal. Only one of them needs to be

connected to the ground.
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e) Set the requested values on the generator and connect the coaxial cable from
the output to the connection board. Vpp = 10 V, f = 1 kHz, sinusoidal waveform.
A LED diode is under the button “output” which indicates if the signal is generated.

f) Connect power supply wires (red, blue and green) as follows: green to the left “-”,
blue to the center right “-”, and red to the right “+”. Then on both displays set
the values of 10 V. The button “A+B” which has a red indication LED diode has to
be turn on which indicates that the desired signal is on the output.

g) By using the oscilloscope verify that the output signal is inverted sum of the input
signal.

h) Disconnect everything and proceed to the Task 2. Connect the circuit with the same
values on the devices as in Task 1.

i) Now the output of the circuit should be zero.

j) Lower down to zero all the values on devices and disconnect the cables and clean the
workspace.

6.2.5. Workplace equipment
Laboratory source Diametral L240R51D with wires
Connection board
Set of black and red wires to use on the connection board
Integrated circuit MC1458 (Dual operational amplifier) — only one will be used at a time
Oscilloscope Rigol MSO1074 and two coaxial cables

Generator Agilent 33210A and coaxial cable
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6.3. “Astable multivibrator” manual

6.3.1. Objectives

Assemble two different generators according to the connection diagrams. Use the
oscilloscope to see resulting signals. In Task 1 an astable multivibrator will be created, which
will produce an inverted square signal. Two LEDs demonstrate the signal change by flashing.
Try to change the value of the variable resistor and different capacitors to see what happens

to the LEDs. In Task 2 do the same while creating a generator of a triangular waveform.

6.3.2. Theory

Oscillators are frequently used when signal with prescribed parameters is required.
The signals can be sinusoidal, square, triangular or pulse. Oscillators which create sinusoids,
which are one of the most commonly used waveform, can be made of amplifiers with
positive-feedback loop and RC or LC frequency-selective network. These are known as linear

oscillators.

Circuits that generate square, triangle or pulse (etc.) are called nonlinear oscillators or
function generators, they employ circuit building blocks known as multivibrators. There are
three types of the multivibrator: the bistable (it has two stable states), the monostable (it has
one stable state, in which it can remain indefinitely if undisturbed) and the astable (it has no

stable states).

The Schmitt trigger or a bistable multivibrator uses positive feedback with a loop gain greater
than unity to produce bistable characteristics. The bistable multivibrator has two stable states.
The circuit can remain in either stable state indefinitely and moves to the other stable stat
only when appropriately triggered. The bistable multivibrator is used
in oscillators to create square-wave signal, which is accomplished by adding RC network

to the negative feedback.
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To create a triangular waveform an integrator is connected at the output of the bistable
multivibrator. The integrator causes linear charging and discharging of the capacitor, thus

providing a triangular waveform.
6.3.3. Connection diagram

Task 1: Astable multivibrator — generation of square waveform

l_;'s STABLE MULTIVIERATOR __ INVERTING AMPLIFIER

| CH3

Ry,
1ED

DIJ-J.I:-‘

Figure 32: Connection diagram of astable multivibrator-squares

Task 2: Generation of triangular waveform

_BISTABLE CIRCUIT INTEGRATOR

R

ok Ruoox H| CH2

: i M Ro:
i 5 i 1k
oce- | r.
vc.- ; 12

g | S

Figure 33: Connection diagram of astable multivibrator-triangles
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Figure 34: Integrated circuit with dual operational amplifier

At the top left corner of the integrated circuit MC1458 there is a small groove as
an indication of the correct position. Obey this rule to prevent the destruction caused by

the wrong polarization. The other variation is a semicircle in the center.

_|_ . )
ANODE CATHODE +
%
+ |>’ ‘ -

Figure 35: Connection of LED

(Retrieved from: https://www.instructables.com/workshop/)
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6.3.4. Working procedure

Assemble the circuit according to Figure 32. When finished connecting, do not connect the

power source cables before letting the teacher check the correctness to prevent material

damage and to prevent any injury.

a)

b)

f)

9)

h)

Check the workplace if everything is in proper condition and if not, immediately
inform the teacher.

Turn on the oscilloscope and the power source to give them time to stabilize before
connecting any cables. If the power source has not been lowered down to zero, do
it before connecting any wires.

Assemble the circuit according to Figure 32 Task 1. Divide the connecting process
into smaller steps to prevent any confusion. Use different colors of wires for better
clarity.

Connect three channels of oscilloscope, while only one needs to be connected to the
ground.

Connect power supply wires (red, blue and green) as follows: green to the left “-*,
blue to the center right “-, and red to the right “+”. Then set values of 10V on both
displays. The button “A+B” has an indication LED diode which has to be turned on
to indicate the desired values on the output.

Try changing the frequency of LED flashing by changing the resistance on variable
resistor and by changing capacitor values.

After demonstrating to the teacher, proceed to Task 2 while still obeying connection
rules as in Task 1.

Try to change the frequency and see what happens.

Lower down the value on devices to zero and disconnect all cables and clean

the workspace.
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6.3.5. Workplace equipment
Oscilloscope Rigol MSO1074 and three coaxial cables
Laboratory source Diametral L240R51D with wires (blue, red and green)
Connection board
Set of black and red wires to use on the connection board
Integrated circuit MC1458 (Dual operational amplifier)

Two LED didoes

6.4. “Simple DC source” manual

6.4.1. Objectives

Assemble a simple DC source according to the connection diagram. At three different steps
of the source (“Half-wave rectifier”, input of “Linear series regulator” as well as its output)
by using an oscilloscope verify the correctness of the connection by displaying the signal
with each channel. Using measured values calculate the ripple factor, the line regulation and
the load regulation. Try to change the value of variable resistors in a linear series regulator
to see if something happens and explain why. In the remaining time try to assemble

a full-wave rectifier as Task 2.

6.4.2. Theory

A rectifier circuit converts an alternating (AC) voltage into one that is limited to one polarity.
The diode is useful for this function because of its nonlinear characteristics, meaning that the
current flows for one voltage polarity, but is essentially zero for

the opposite polarity. The rectification is classified as half-wave or full-wave, with half-wave
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being the simpler and full-wave being more efficient. A capacitor connected to the ground
behind the rectification diode works as a filter, which reduces the input ripple to the regulator

at an acceptable level.

A voltage regulator is connected to the output of a filtered rectifier and maintains a constant
output voltage despite changes in the input, the load current or the temperature.
The fundamental classes of voltage regulators are linear regulators and switching regulators.

Two basic types of linear regulator are the series regulator and shunt regulator.

The control element of a regulator is a transistor, the output sample circuit (resistive voltage
divider) senses a change in the output voltage. The error detector (operational amplifier — op
amp) compares the sample voltage with a reference voltage and causes the control element

to maintain a constant output voltage.

The ripple factor (r) is an indication of the effectiveness of the filter. The lower the ripple
factor, the better the filter. The ripple factor can be lowered by increasing the value of

the filter capacitor or increasing the load resistance:

Vrp-p) _ Vreginp-p) (13)

r = )
Vpc Vreg,inDC

where Vreg,inp-p) IS the voltage of peak-to-peak value of a rectified and filtered signal at the

input (CH2) and V'reg,inoc is the average value of the input signal (CH2).

Figure 36: Ripple factor

(Retrieved from: https://electronics.stackexchange.com/)
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Line regulation can be defined as the percentage change in the output voltage for a given
change in the input voltage:

AVouyr _ Vregout-p) + 100% (14)
AVin Vreg,in(p—p) ’

LinReg =

where Vreg out(p-p) IS the voltage of peak-to-peak value of regulated signal at the output (CH3)
and Vreg,inp-p) 1S the voltage of peak-to-peak value of rectified and filtered signal
at the input (CH2).

Meanwhile the load regulation is defined as the percentage change in the output voltage for

a given change on load current:

VL=V % -V
LoadReg — N; FL _ reg,m;t(oo) reg,out(560) +100%, (15)
FL reg,out(560)

where V.,.gou) 1S the average voltage at the output (CH3) without anything as the load
(= infinite resistance) and Vregoutseo) IS the average voltage at the output (CH3) when
the load R = 560 Q is connected.

To obtain peak-to-peak value, the “Measure” mode on the oscilloscope can be used as well
as cursors. The average value can be calculated or obtained also by “Measure” feature.
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6.4.3. Connection diagram

Task 1: Simple DC source with half-wave rectifier

HALF-WAVE RECTIFIER

Vin o

“ CH1

LINEAR SERTES REGULATOR

M P —

Vesn . CHD fagert
'y -

LOAD

5 ¥

C;
100 oF

Vi, - sinus signal T

Vo =10V
f=1kHz

R
10k ;
1 Rioox

D, VCC+=10V
Dy Ry
10 k£

11

Figure 37: Connection diagram of a simple DC source

Task 2: Full-wave rectifier

560 2
(o= £2)

R,
1kQ
—{ 1

Generator
Y\"ram]}l. =1V
f=1kH=

Figure 38: Connection diagram of a full-wave rectifier
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Figure 39: Integrated circuit with dual operational amplifier

To prevent destroying the integrated circuit by the wrong polarization there is a small groove
in the shape of a circle at the top left corner (See Figure 39.) as an indication of the correct

position. The other variation is a semicircle in the center.

3 Collector
’ 2
Base
Bottom View 1 Emitter

Figure 40: Schematic diagram of a transistor (bottom view)

(Retrieved from: https://artsandscience.usask.ca/physics/)

6.4.4. Working procedure

After assembling the circuit indicated in Figure 37. and before connecting it to the main
supply, always let the teacher check the correctness to prevent any material damage and

to prevent any injury.

a) Check the workplace if everything is in proper condition and if not, immediately

inform the teacher.
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b)

d)

f)

9)

h)

Turn on the devices (the oscilloscope, the generator and the power source) to let them
stabilize without connecting any cables. If the power source has not been lowered
down previously, do it before connecting any wires.

Assemble the circuit according to the circuit diagram Figure 37. Try to divide the
connection process into steps to prevent mistakes caused by confusing connecting.
D1, C1, R1 and D2 should be connected first and then the rest. Use different colours of
cables for better clarity.

Connect three channels of the oscilloscope at each step of the DC source
(See Figure 37.). Only one of these needs to be connected to the ground.

Set the requested values on the generator and connect the coaxial cable from the
output to the connection board. V,, = 10 V, f = 1 kHz, sinusoidal waveform. Check
if the output impedance is set correctly: Utility — Output setup — High Z. A LED diode
is under the button “output” which indicates if the desired signal is generated.
Connect power supply wires (red, blue and green) as follows: green to the left “-*,
blue to the center right “-”, and red to the right “+”. Then set values of 10 V on both
displays. A button “A+B” has an indication LED diode. If the LED is lit, it indicates
that the output is ON.

Use the feature “Measure” of the oscilloscope to obtain the average and peak-to-peak
values and calculate the ripple factor, the line regulation and the load regulation.

If all the values are calculated, assemble a full-wave rectifier according to
Figure 38. and observe the output signal of this circuit.

Lower down the values on devices to zero and disconnect all cables and clean the

workspace.
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6.4.5. Workplace equipment
Oscilloscope Rigol MSO1074 and three coaxial cables
Generator Agilent 33210A and coaxial cable
Laboratory source Diametral L240R51D with wires (blue, red and green)
Connection board
Set of black and red wires to use on the connection board
Transistor

Integrated circuit MC1458 (Dual operational amplifier)

6.4.6. Measured values

Table 1. Ripple factor

Vreg,inp-p) [V] Vreg,inoc [V] ri-]

The smaller the ripple the better, the value should be below 1 for DC power supply to work
properly.

Table 2. Line regulation

Vregoutp-p) [V] Vreg,inp-p) [V] LinReg [-]

The line regulation is a variable without a distinctive unit. To obtain the result in percentage

we need to multiply the resulting number by 100 which in this case should be around 10 %.
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Table 3. Load regulation

erQ,OUt(OC) [V] Vreg,in(560) [V] LoadReg [-]

The load regulation, again, will be represented by percentage value.

Show the calculated values to the teacher to successfully complete this laboratory exercise.
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7. CONCLUSION

The electronics, as a matter of fact, is a broad topic, especially nowadays when reducing the
dimensions of products while keeping the same efficiencie or even raising them is often
demanded. In this thesis, in the first part, each of the theory topic was discussed enough for
students of study program “Electrical Engineering and Informatics” to comprehend the topic

and to be prepared to extend the knowledge of these topics in upcoming years of studies.

The second part includes written manuals which should work as helpful tools for students to
complete successfully not just these laboratory tasks, but the whole subject Analog
technology. The manuals are composed of the objectives, which students should fulfill, the
short theory regarding the exercise, connection diagrams, working procedures and workplace
equipment which is needed. The thoroughly written working procedures should help to
navigate through the process of measuring in order to reach the required outcome without
damaging laboratory devices (transistors and operational amplifiers) mostly because of the
wrong polarization. Comprehensible manuals should also speed the laboratory exercises,
maybe enough to complete or at least acquaint with other phenomena regarding given topic.
In some manuals there is an optional “Task 2”, which students were not able to finish due to
the lack of time, hence the manuals which should solve this problem and provide all students

with the same practice with different phenomena.

This bachelor thesis is a sequel to my semester thesis which contained part of the “DC
source” manual which is now extended by an additional task regarding full-wave rectifier.
On top of that, there are further three more manuals of different topics from the course
curriculum. One of them (“Difference and summing operational amplifier””) was newly
introduced to complete laboratory tasks to the maximum. Before this new laboratory
exercise, the topic of operational amplifiers was discussed at lectures, but there was no
laboratory task regarding operational amplifiers and its configurations. Therefore, every topic
included in the curriculum is discussed at lectures and each of the topic now has related
laboratory exercise, also with a manual for students. Together with the fact that these four

topics are also a state exam questions, | hope that my contribution will help to all who will
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choose the subject Analog technology in state exams. Hopefully, there will be a possibility
to implement these manuals soon to see how they work real life and how much it helps.

Generally speaking, the aim of all manuals is to enhance the level of knowledge of all
students attending the course, which should also help them in the future, and to make space

for the future development of the course.
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8. ROZSIRENY ABSTRAKT

Studijni obor Angli¢tina v elektrotechnice a informatice je jeden z mnoha perspektivnich
bakalarskych programi, které Fakulta elektrotechniky a komunikacnich technologii
Vysokého uceni technického v Brn¢ pro studenty nabizi. Tento vSak jako jediny z nich
kombinuje studium jazyka, konkrétné¢ anglického, a vyuku elektrotechnickych odbornych
predmétl. V podstaté piesné pokryva potieby dnesni doby tak, aby absolventi uméli plynné
hovofit anglicky a zaroven méli piehled o elektrotechnice, které nas obklopuje kazdym
rokem vice a vice. Jedin¢ tato kombinace znalosti jazyka a odbornost dava absolventim
velkou Sanci na trhu price a moznost wuplatnéni se v zahrani¢i ¢i

u mezinarodnich firem.

Tato prace se zamétfuje na jeden z predmétll, jiz zminovaného oboru, a to na predmét
Analogova technika vyu¢ovany ve druhém roce, v zimnim semestru. Tento pfedmét navazuje
a déle rozsifuje poznatky ziskané v pfedmétech predchozich semestri. Zejména se vSak
zaméfuje na konkrétni aplikace a realizace vybranych linearnich a nelinearnich funkénich
blokd. Vénuje se riznym typum operacnich zesilovacli a seznamuje i S ostatnimi druhy
aktivnich prvkil vyuZzivanych v modernim svété a soucasné technice. Pfedmét se sklada
z ptednasek a povinnych laboratornich cviceni, ve kterych si studenti mohou prakticky
vyzkouset pravé probiranou latku. V laboratornich cvicenich studenti vzdy ve dvojicich fesi

a snazi se splnit dany ukol. Jednotliva stavajici zadani jsou Ctyfi:

e Seznameni s pracovistém + napétovy délic, blikani LED diody jako zatéz.

Tranzistorovy zesilova¢ v zapojeni spole¢ného emitoru a nastaveni pracovniho bodu.

Astabilni multivibrator.

Stejnosmérny zdroj.

Jako vystup jednotlivych uloh je bud’ pfedvedeni pozadovaného jevu uciteli nebo predstaveni

vypocitanych vyslednych hodnot.

V prvni Casti této prace je probrana teorie tykajici se vSech laboratornich tloh, s vyjimkou

ulohy prvni, kdy se studenti seznamuji s pracovistém, jeho vybavenim a jsou také pouceni
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o bezpecnosti prace v laboratotich a soucasti je i zopakovani teorie zakoncené zapojenim
napétového délice. Tedy kromé tranzistorovych zesilovact, oscilatorti a stejnosméernych
zdrojii se nachazi v prvni casti i1 kapitola tykajici se operacnich zesilovact. Timto se tak
pokryje cela teorie probirana na piednaskach a uvede studenta i do dané problematiky pied
nasledujici druhou ¢asti této prace, kde budou predstaveny navody pro nésledujici laboratorni
cviceni: tfi stavajici tlohy a jednu novou tulohu, ktera se bude zabyvat pravé opera¢nimi
zesilovaci. Timto bude kompletné pokryta vyuka na piednaskach a v laboratornich cviceni.
Kazdé z teoreticky probiranych témat, tak bude mit i svou vlastni laboratorni ilohu. Hlavnim
divodem mého vybéru tohoto zadani je nejen mij zdjem o predméet Analogova technika, ale
1 moznost, jak tento predmét na zékladé mych nabytych zkusenosti inovovat a umoznit v§em
novym studentim ptichazejicich z riznych typt stfednich skol s riiznou urovni odborného
vzdélani uspésné zvladnout a pochopit nejen vsechny tlohy, ale i cely predmét Analogova

technika.

Jednotlivé manudly pro laboratorni cvieni se skladdaji z péti zékladnich kapitol. Prvni
kapitola vzdy obsahuje ukoly, které dvojice studentti musi splnit, aby uspésné absolvovali
dané laboratorni cviceni. Napiiklad se jedna o spravné vykresleny signal na osciloskopu ¢i
naméfeni pozadovanych hodnot. Po zadani obsaZzeném Vv prvni kapitole, nasleduje ptibliZzeni
teorie k stanovené tlloze, aby si studenti zopakovali dané téma a méli tak ptehled o tom, co
budou zapojovat a méfit. Treti kapitola piedstavuje zapojovaci schéma se vSemi vstupnimi
hodnotami, které budou nastaveny na zdroji ¢i generatoru. Ve schématech studenti mizou
vidét i ptiblizny tvar signalu v jednotlivych krocich, coz by mélo metodicky napomoct a vést
K uspésnému postupu prace. VEétsinu zapojovani studenti provadi na zapojovaci desce, ktera
je osazena odpory a kondenzatory ruznych hodnot, potenciometry, diodami a dal$imi
obsahuje podrobny postup prace, ktery kdyz studenti dodrzi, tak spolu s pouzitim obsahu tieti
kapitoly, splni zadani a dosahnou pozadovaného vysledku. V postupu jsou i zminény
bezpecnostni informace a pravidla, aby se vyvarovalo zranéni 050b nebo poskozeni ¢i zniceni
nckteré z pomiicek. Posledni patou kapitolu tvofi seznam jednotlivych pomicek a ptistroj,

které studenti budou k vypracovani dan¢ tlohy potfebovat.
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Predstavena nova uloha na operacni zesilovace, které doplni tii hlavni stavajici ulohy se

sklada ze dvou ukolua:

e Sestrojeni sumacniho zesilovace, na jehoz funkci si studenti ovéii chovani signald na
vstupu operacniho zesilovace. Ovéri si a prakticky potvrdi, Ze vystupni signal bude
roven souctu signalll na vstupu.

e Zapojeni diferencniho =zesilovace. Tj. ukolem studentii je sestavit opacnou
matematickou funkci pomoci diferenéniho zesilovace, kde vystupni signal bude
tvofen rozdilem dvou vstupnich signdli. Konkrétné¢ tady bude s nejvétsi
pravdépodobnosti pouzit pouze jeden generdtor, z diivodu kapacit laboratote, takze
vystupni signal by se mél rovnat nule. V idealnim ptipadé je vSak nezbytné pouzit
generatory dva a mit tak moznost nastaveni odlisnych signali na vstupech opera¢niho

zesilovace, a tak si ovéfit hodnoty na vystupu.

Cilem téchto podrobnych navodi je umoznit vS§em studentiim splnit pozadované zadani a
snad 1 tkoly dobrovolné, které v tuto dobu stihalo jen par studentl Vv disledku rozdilnych
technickych dovednosti, které si pfinesli z pfedchoziho stfedoSkolského studia. Dalsim
piinosem, ktery umozni, ze se stihne v laboratofich vice, je i to, ze nyni, kdyZ n€ktera z dvojic
méla n&jaky problém a ucitel se jim vénoval, nebyl schopny byt naptiklad u dalsi dvojice,
ktera se mohla také potykat s problémy nebo mit n&jaky technicky dotaz. Ukolem podrobné
zpracovanych manuald je vyhnout se v co nejvétsi mife problémtim pii plnéni tkold a
zefektivnéni ¢innosti studentii. Soucasti spravné metodiky je i doporuceni studentim, navody
si doptedu vytisknout a pfinést do laboratornich cvifeni, aby mohli se svym navodem

zkousku.

Tyto Ctyfi laboratorni ulohy, které dopliiuji pfednasky jsou také okruhy na statni zavére¢nou
zkousku pro studenty, kteti si vyberou predmét Analogova technika. Takze mym cilem
nebylo jen zvednout uspésnost studentt u zkousky, zvysit efektivitu laboratornich cviceni a
soucasn¢ umoznit ptipadnym budoucim inovacim, ale i poskytnout studentim ty nejlepsi

podminky a podklady pro piipravu a uspésné zvladnuti statni zavéreéné zkousky.
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Figure 40 Schematic diagram of a transistor (bottom view)
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