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ELECTRONIC DEVICES 

E&T        PD Electronic devices - introduction 2 

WHAT DO WE ALREADY KNOW, AND WHAT WE WILL LEARN ? 

CIRCUIT 
THEORY 

ELECTRONIC 
CIRCUITS ELECTRONIC 

DEVICES 
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KE 
ELEMENT vs DEVICE 

E&T        PD Electronic devices - introduction 3 

very often: 

ELEMENT  DEVICE 
especially on the market   

conducts electrical current, 
produce an electrical field, 

etc. (resistor, capacitor, 
voltage source, etc.)  

more „complicated” and 
sophisticated element 

offering additional 
functionalities (transistor, 

diode, etc.)  

KE 

E&T        PD Electronic devices - introduction 4 

Integrated circuit substrate 
consisting of electronic 

components connected in a way 
to provide electrical functions 

The same circuit packaged in a 
casing – electronic device 

The pictures show integrated circuit designed in the Department of Electronics AGH 

ELEMENT vs DEVICE 
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KE 

E&T        PD Electronic devices - introduction 5 

basic element 

ELEMENTS – BASIC BUILDING BLOCKS 

KE 
ELECTRONIC ELEMENTS –LEGO BUILDING BLOCKS 

FOR ELECTRONICS ? 

E&T        PD Electronic devices - introduction 6 

ELECTRONIC ELEMENTS VS PROGRAMMING LANGUAGES 

Si, Ge,  
GaAs 

0101
1100 

ASSEMBLER 
 

MOVA, B 
JUMP 

OBJECT ORIENTED 
LANGUAGES 

 

          C++ 
          JAVA 
        DELPHI 

HIGH LEVEL 
LANGUAGES 

 

          FORTRAN 
                C 
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…ELECTRICITY? 

E&T        PD Electronic devices - introduction 7 

…COMPUTER SCIENCE? 

…TELECOMMUNICATIONS? 

…AUTOMATION? 

…ELECTRONICS? 

KE 
WHAT IS ELECTRONICS? 

E&T        PD Electronic devices - introduction 8 

In Electronics, it is essential to control elelctrons 
flow in gases, vacuum and semiconductors. 
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KE 
A BIT OF HISTORY 

E&T        PD Electronic devices - introduction 9 

First electronic vacuum tube was invented in 
1904 by John Ambrose Fleming – it was a DIODE 

First amplifying electronic tube 
was designed in (1906 or 1908) by 
Lee de Forest – it was a TRIODE 

WHEN DID WE START SAYING „ELECTRONICS”? 

Source: http://narrator.up.pl/ 

KE 

E&T        PD Electronic devices - introduction 10 

FIRST TRANSISTOR 

16.12.1947, Bell Telephone Laboratories 

A BIT OF HISTORY 

http://narrator.up.pl/
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E&T        PD Electronic devices - introduction 11 

07.1958, Jack Kilby, Texas Instruments 

FIRST SOLID STATE CIRCUIT (INTEGRATED CIRCUIT) 

A BIT OF HISTORY 

KE 

E&T        PD Electronic devices - introduction 12 

Source:  http://www.cpu-zone.com/4004.htm, INTEL (http://www.intel.com/museum)  

FIRST MICROPROCESSOR 

1971, INTEL (INTegrated ELectronics) 
2300 transistors, 

PMOS technology, 

gate 10µm, 

Operating frequency 108kHz  

A BIT OF HISTORY 
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KE 

E&T        PD Electronic devices - introduction 13 

SYSTEMS ON CHIP (SOC) 

ELELCTRONICS NOWADADAYS 

KE 

E&T        PD Electronic devices - introduction 14 

'Courtesy of Sandia National Laboratories, SUMMiT(TM) Technologies, www.mems.sandia.gov' 

MICROMECHANICAL SYSTEMS MEMS 

1 µm 

ELELCTRONICS NOWADADAYS 
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E&T        PD Electronic devices - introduction 15 

Źródło: INTEL 

731 000 000 transistors, 

CMOS technology, 

gate 45nm, 

operating frequency 3,2 GHz 

ELELCTRONICS NOWADADAYS 

KE CLASSIFICATION OF ELEKTRONIC 
DEVICES 

E&T        PD Electronic devices - introduction 16 

http://narrator.up.pl/
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KE DIFFERENT LOOKS ON ELELCTRONIC 
DEVICES 

E&T        PD Electronic devices - introduction 17 

Technology 

Source : http://www.zgapa.pl, 

Service 

Design 

KE 
SCOPE OF THE COURSE 

• Resistor, capacitor, coil 

• Physics of semiconductors, p-n junction 

• Diode 

• Field effect transistors 

• Bipolar junction transistor 

• Other semiconductor devices 
termistor, piezoresistor, gaussotron, hallotron 

IGBT, tiristor, triak, V-MOS, D-MOS, Peltier module, CCD, etc. 

• Electronic elements in integrated circuits 

E&T        PD Electronic devices - introduction 18 

http://narrator.up.pl/
http://www.zgapa.pl/
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KE 
ORGANIZATIONAL ISSUES 

• Lecture  

– Exam 

(written test, or oral form) 

• Laboratory 

– grade, credit  

(practical exercises according to a schedule) 

Final grade is estimated according to: 

 exam results 60% and laboratory 40% 

E&T        PD Electronic devices - introduction 19 

KE WHERE YOU CAN FIND MORE 
INFORMATION? 

• Biblioteka - podręczniki akademickie 
– Marciniak W. „Przyrządy półprzewodnikowe i układy scalone ”, Warszawa, WNT, 1987 

– Polowczyk M., Klugmann E. „Przyrządy półprzewodnikowe”, Gdańsk,  Wyd. PG, 2001 

– Polowczyk M. „Elementy i przyrządy półprzewodnikowe powszechnego 
zastosowania”, Warszawa, WKŁ, 1986 

– Świt A., Pułtorak J. „Przyrządy półprzewodnikowe”, Warszawa, WNT, 1979 

– Horowitz P., Hill W. „Sztuka elektroniki. Cz. 1”, Warszawa, WKŁ, 2003 

– Tietze U., Schenk Ch. „Układy półprzewodnikowe”, Warszawa ,WNT, 2009 

– Koprowski J. „Podstawowe przyrządy półprzewodnikowe”, Kraków, Wyd. AGH, 2009 

• Internet 
– Our web page (http://www.scalak.elektro.agh.edu.pl/?q=pl/node/464)   

– Other web portals 
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http://www.scalak.elektro.agh.edu.pl/?q=pl/node/464
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RESISTOR, 
CAPACITOR, 

INDUCTIVE COIL 
Passive elements 

E&T        PD 21 

KE 
RESISTOR 

E&T        PD Electronic devices - resistor 22 

passing through a hole, threaded SMD 
Surface Mount Device 



2014-03-07 

12 

KE 

łac. resistere – to impose resistance 

E&T        PD 23 Electronic devices - resistor 

Resistor imposes resistance on the way of 
electrical current in an circuit 

It is characterized by an electrical resistance 
The higher resistance the lower the current 

flowing in a circuit 

RESISTOR 

KE 

Why do we need and use 
elements that are obstacles 

on the way of  electrical 
current? 

E&T        PD 24 Electronic devices - resistor 

RESISTOR 
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E&T        PD 25 Electronic devices - resistor 

a tiny bulb 

2,2V 

0,47A 

Rechargeable vehicle battery: 12V 

RESISTOR – what is it for? 

KE 
RESISTOR – what is it for? 

E&T        PD 26 Electronic devices - resistor 

a tiny bulb 

2,2V 

0,47A 
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KE 
RESISTOR 

It is a two-terminal passive dissipating element, it 
converts electrical energy to heat (thermal energy, 

it is described by resistance in ohms [Ω] 

E&T        PD Electronic devices - resistor 27 

Passive element consumes electrical energy 

• The total electrical energy provided to the element during period 
from -∞ to t is non-negative for any character of voltage signal at its 
terminals and current flowing through it.  

• Until the supply voltage is connected to the resistor, there is no 
current flowing through it. And vice versa, there is no voltage drop at 
its terminals until any current is provided to it. 

KE 
RESISTOR – graphic symbol 

In the schematic diagrams you can meet: 

E&T        PD 28 Electronic devices - resistor 

Not recommended 
it can be easily 

confused with a coil 
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RESISTOR – mathematical description 

Ohm’s  Law 

 Direct Current (DC) I is proportional to the 

voltage drop U at the resistor terminals 

E&T        PD Electronic devices - resistor 29 

Georg Simon Ohm 
1789-1854 
(Wikipedia) 

I  U,   I = GU, 

G
R

1


R

U
I 

 G  – proportionality factor: electrical conductance [S] 

–  resistance  [] 

KE DESCRIPTION OF ELECTRONIC 
DEVICES 

• Mathematical – equation:   I=f(U),  par=f(f )  

• Graphical – characteristic (plot, graph) 

 

 

 

• Catalogue – parameters 
– acceptable (maximum voltages and currents) 

– typical 

– thermal 

– mechanical 

– other  

E&T        PD 30 Electronic devices - resistor 
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KE 
GRAPHS AND PLOTS 

• Current against voltage  

E&T        PD 31 Electronic devices - resistor 

RESISTOR 

linear resistor non-linear resistor 

R
tg

1


KE 

• In frequency domain – specific parameter against 
frequency 

E&T        PD 32 Electronic devices - resistor 

RESISTOR 

GRAPHS AND PLOTS 
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KE 

• In time domain – time response of a specific 
physical quantity to a given stimuli 

 

E&T        PD 33 Electronic devices - resistor 

RESISTOR 

UWE UWY

R
WE WY

t [s]

U1

UWE [V]

t [s]

U1

UWY [V]

WEJŚCIE

WYJŚCIE

GRAPHS AND PLOTS 

KE 
RESISTOR – the example (cont.) 

What should be the proper value of resistance 
to light the bulb? 

E&T        PD 34 Electronic devices - resistor 

żaróweczka  

kryptonowa 

2,2V 

0,47A 

R = (12V – 2,2V) /0,47A = 20,85 

ż

żak

żżak

I

UU
R

URIU





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KE 
RESISTOR - parameters 

• Nominal resistance 

• Nominal power  

• Acceptable voltage 

• Tolerance 

• TCR (temperature coefficient) 

• Noise coefficient 

• Dimensions 

• Other 

E&T        PD 35 Electronic devices - resistor 

KE 

Nominal resistance – the value that is seen on 
the resistor case 

Tolerance – acceptable difference between real 
and nominal value of the resistance 

E&T        PD 36 Electronic devices - resistor 

Rnom ≠ Rreal  

Rreal  [Rnom – tol, Rnom + tol] 

Rnom – nominal resistance,   Rreal – real resistance 

RESISTOR - parameters 
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Will the resistor be safe under current load? 

E&T        PD 37 Electronic devices - resistor 

A tiny bulb 

2,2V 

0,47A 

20,85 

9,8V 

0,47A 

PR = 9,8V  0,47A = 4,606W 

The power dissipated in the resistor 

RESISTOR – the example (cont.) 

KE 

Nominal power – the value of electrical power than can 
be dissipated in form of heat in the resistor, without 
damaging it 

Acceptable voltage – the highest value of DC voltage (or 
effective value of the alternating voltage), that can be 
applied to the resistor without damaging it 

Temperature coefficient (TCR) – it describes dependence 
of resistance against temperature. [ppm/K] (1ppm/K = 10-6/K) 

E&T        PD 38 Electronic devices - resistor 

dTR

dR
TWR




RESISTOR - parameters 
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KE 
Marking the RESISTORS 

• On the case: 

– letter-number code 

  np.: 2R2  2,2,    K91 910,    3K6  3,6k  

– number code 
  np.:  202  20*102 = 2000 = 2k, 

   330  33*100 = 33, 

   1541  154*101 = 1,54k 

useful for SMD resistors 

E&T        PD 39 Electronic devices - resistor 

KE 

E&T        PD Electronic devices - resistor 40 

http://www.edw.com.pl/pdf/k01/02_09.pdf example 

Marking the RESISTORS 

0,22 

3,9 

75 

910 

1,8k 

62k 

470k 

5,6M 

36M 

1,54k 

43,2k 

931 

1,24M 

 

http://www.edw.com.pl/pdf/k01/02_09.pdf
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• Colour code (lines) 

E&T        PD 41 Electronic devices - resistor 

pierwsza cyfra

druga cyfra mnożnik (liczba zer)

tolerancja

pierwsza cyfra

druga cyfra mnożnik (liczba zer)

tolerancja

pierwsza cyfra

druga cyfra mnożnik (liczba zer)

brak – tolerancja: 20%

trzecia cyfra

pierwsza cyfra

druga cyfra

mnożnik (liczba zer)

tolerancja

trzecia cyfra

TWR

kolor cyfra mnożnik tolerancja TWR 

srebrny - x10-2 ±10% - 

złoty - x10-1 ±5% - 

czarny 0 x100 - 250ppm/K 

brązowy 1 x101 ±1% 100ppm/K 

czerwony 2 x102 ±2% 50ppm/K 

pomarańczowy 3 x103 ±15% - 

żółty 4 x104 - 25ppm/K 

zielony 5 x105 ±0,5% 20ppm/K 

niebieski 6 x106 ±0,25% 10ppm/K 

fioletowy 7 x107 ±0,1% 5ppm/K 

szary 8 x108 - 1ppm/K 

biały 9 x109 - - 

brak - - ±20% - 

 

Marking the RESISTORS 

KE 

• Colour code (lines) 

E&T        PD 42 Electronic devices - resistor 

Marking the RESISTORS 

kolor cyfra mnożnik tolerancja TWR 

srebrny - x10-2 ±10% - 

złoty - x10-1 ±5% - 

czarny 0 x100 - 250ppm/K 

brązowy 1 x101 ±1% 100ppm/K 

czerwony 2 x102 ±2% 50ppm/K 

pomarańczowy 3 x103 ±15% - 

żółty 4 x104 - 25ppm/K 

zielony 5 x105 ±0,5% 20ppm/K 

niebieski 6 x106 ±0,25% 10ppm/K 

fioletowy 7 x107 ±0,1% 5ppm/K 

szary 8 x108 - 1ppm/K 

biały 9 x109 - - 

brak - - ±20% - 
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KE 
RESISTORS – resistance values 

Why do we need so many colour lines to describe 
values of resistance? 

What kind of resistors can we get on the market? 

Do we have a chance to get the resistor R=20,85 
for our light bulb? 

E&T        PD 43 Electronic devices - resistor 

pierwsza cyfra

druga cyfra

mnożnik (liczba zer)

tolerancja

trzecia cyfra

TWR

żaróweczka  

kryptonowa 

2,2V 

0,47A 

20,85 

KE 
RESISTOR VALUES CHAINS 

The values of nominal resistances are 
normalized and they create values chains, 

marked as: E3, E6, E12, E24 itd. 

En 
n – describes the number of resistance 

values for a decade 

 generally: 

 
E&T        PD 44 Electronic devices - resistor 

n
ii aa 101
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KE 

example 

E6    n = 6 

 

E&T        PD 45 Electronic devices - resistor 

100...810,99...4678,1681068

68...986,68...4678,1471047

47...437,48...4678,1331033

33...291,32...4678,1221022

22...016,22...4678,1151015

15...678,14...4678,1101010

10                                                      10

6

6

6

6

6

6













http://www.edw.com.pl/pdf/k01/02_09.pdf 

RESISTOR VALUES CHAINS 

KE 

E&T        PD 46 Electronic devices - resistor 

20,85 

A tiny bulb 

2,2V 

0,47A 
20,85 

chain: 
  E6      22 
 E12     22 
 E24     22 
 E48     21,5 
 E96     21 
 E192   20,8 

RESISTOR – the example (cont.) 

http://www.edw.com.pl/pdf/k01/02_09.pdf
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KE 
RESISTIVITY 

 YES 

RESISTIVITY – determines counteracting 
against electrical current flow. 

It is a property of each conducting material. 

E&T        PD 47 Electronic devices - resistor 

KE 

def.: 

Resistance of a conducting element made of 
a homogeneous material with the cross-

section surface 1 square meter and length 1 
metre. 

designation:   , unit: [m] 

resistance:  

 

 E&T        PD 48 Electronic devices - resistor 

S

l
R 

l

d

4

2d
S 

RESISTIVITY 
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KE 
Classification of RESISTORS 

in relation to a function: 

a. constant resistance value 

b. regulated resistance value (potentiometers)  

c. semiconductor 
termistors (NTC,PTC), varistors, gausotrons, fotoresistors 

in relation to a voltage vs. current characteristic: 

a. linear 

b. non-linear 

in relation to a construction: 

a. wired 

b. layered 

c. bulk 

 
E&T        PD 49 Electronic devices - resistor 

KE 
How are resistors made 

• wired – a resistive wire is wound on the body 

– nikrotal (CrNi), kantal (CrAlFe), konstantan (CuNi), etc. 

• layered – a resistive layer is coated on the body 

– carbon 

– metal 

• bulk – a resistor as a whole is made from resistive 
material (e.g. carbon) 

E&T        PD 50 Electronic devices - resistor 

http://zwarcie.prv.pl/rezystor.htm  

The construction of the resistors 
influences on the parasitic 

elements parameters 

http://zwarcie.prv.pl/rezystor.htm
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KE 
Harsh realities on resistors 

• Parasitic elements influencing operation of a real resistor 

 CR – self-capacitance (also known as leakage capacitor), 

 LR – self-inductance 

 Ls1, Ls2 – inductance introduced by terminals 

E&T        PD 51 Electronic devices - resistor 

REAL RESISTOR 

KE 
w Internecie 

• Papers on resistors 
 http://www.eres.alpha.pl/elektronika/readarticle.php?article_id=2 – cz1. 

 http://www.eres.alpha.pl/elektronika/readarticle.php?article_id=3 – cz.2 

 http://www.eres.alpha.pl/elektronika/readarticle.php?article_id=382 – cz.3 

• For beginners 
 http://www.edw.com.pl/ea/rezystor.html 

• Basics of electronics for beginners and advanced users 
 http://www.edw.com.pl/index.php?module=ContentExpress&file=index&fun

c=display&ceid=60&meid=13 

• For hobbyist  

 http://www.elektronika.ne555.bitmar.net/o_nas.htm  
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http://www.eres.alpha.pl/elektronika/readarticle.php?article_id=2
http://www.eres.alpha.pl/elektronika/readarticle.php?article_id=3
http://www.eres.alpha.pl/elektronika/readarticle.php?article_id=382
http://www.edw.com.pl/ea/rezystor.html
http://www.edw.com.pl/index.php?module=ContentExpress&file=index&func=display&ceid=60&meid=13
http://www.edw.com.pl/index.php?module=ContentExpress&file=index&func=display&ceid=60&meid=13
http://www.elektronika.ne555.bitmar.net/o_nas.htm
http://www.elektronika.ne555.bitmar.net/o_nas.htm

