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Content 

We’ll see the most fundamental and commonly used   

Electronic circuit components: 

 

 Resistors 

 Semiconductors 

 Diodes 

 Transistors (BJT) 

 Binary & Hexadcimal Notation 

 Digital Electronics 

 Some Sensors 
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Resistors 

 The job of a resistor to “resist”, regulate or to set the flow of 

electrons (current) through them by using the type of 

conductive material from which they are composed.  

 

 Symbol 

 

 

 

 Resistors can also be connected together in various series 

and parallel combinations to form resistor networks. 
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Resistor Types: 

 

Carbon Resistors                                              Film Resistors 
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Color Codes 

 

 

 

 

 

 

 

 

 

Digit, Digit, Multiplier =  

Colour Colour x 10 colour  in Ohm's 

Yellow  Violet  Red =   

4  7  2 =  4  7 x 102 = 4700Ω 
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Voltage Divider Rule 
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Semiconductors 
 

 

 Materials can be categorized into 

conductors,  

insulators or 

semiconductors (S/C) 

by their ability to conduct electricity. 

 

 Resistivity (Ohm-meter) 
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Band Structure 

 

 The electrons surrounding 

a nucleus  have certain  

well-defined energy-levels. 

 

 Electrons don’t like to have  

the same energy in the same  

potential system. 

 

 

 Hence the band structure of solid take place. 
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 Assume some kind of energy is provided to  

the electron (valence electron) sitting  

at the top of the valance band. 

 This electron contributes to the conductivity 

and this electron is called as a 

conduction electron.  

 When enough energy is supplied to the 

e- at the top of the valance band, 

e- can make a transition to the bottom 

of the conduction band.  

 This electron leaves behind a missing  

electron state called hole. 

 Hole behaves as a positive charge carrier.  
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Elemental semiconductors are semiconductors where each atom is of  

the same type. Examples are Ge, Si. 

 

 

 

Compound semiconductors are made of two or more elements.  

Common examples are GaAs or CdS. 

 

Adding impurity atoms from 3A or 5A elements (about 1 in 106) to the pure 

S/C (Si) crystal makes S/C a good conductor. 

Example 4A  

S/C Elements 
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A Silicon Atom Structure 
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n-Type Semiconductor 

 

 

 

 

 

 

 

 

 

 

 

The diagram above shows the structure and lattice of the  

donor impurity atom Antimony. 
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p-Type Semiconductor 

 

 

 

 

 

 

 

 

 

 

 

The diagram above shows the structure and lattice of the 

acceptor impurity atom Boron. 
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Diodes 

 

 

 The Resistor is a basic passive component  

in electronic circuits. 

 The Diode is the most basic “Active” component. 

 

 

I-V Characteristics 
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PN Junction 
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Half-Wave Rectifier 
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Full-Wave Rectifier 
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Full-Wave Rectifier 
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Zener Diyode 
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Zener Diyode as Regulator 

 

Consider a 5.0 V stabilized power  

supply is required to be produced  

from a V = 12V DC power  

supply input source.  

The maximum power rating  

of the zener diode is PZ = 2W.  

 

 

 

* Max. current flowing through the zener diode: IZ = 2 W / 5V = 0.4 A. 

* Min. Value of resistor: Rs= (12 - 5) / 0.4 = 17.5 Ohm. 

* If RL = 1 kOhm => IL = 5 /1000 = 5 mA. 

* IZ = Is – IL = 400 – 5 = 395 mA. 
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Zener Diode to form a Square Wave 
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Transistors (BJT only) 

 The fusion of two diodes produces a three layer, two 

junction, three terminal device forming the basis of a  

Bipolar Junction Transistor, or BJT for short. 

 

 BJTs can operate within three different regions: 

 

  Active Region:  transistor operates as an amplifier and Ic = β*Ib 

  Saturation:     transistor is "Fully-ON" operating as a switch and Ic=Is 

  Cut-off:         transistor is "Fully-OFF" operating as a switch and Ic=0 
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BJT Construction 
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BJT Construction 

 

 

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. 
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Common Base Circuit 

 

 

 

 

 

 

 

Voltage Gain: 
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Common Emitter Circuit 
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Common Collector Circuit 

 

 

 

 

 

 

 

Current gain: 
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Example: 

An NPN Transistor has a DC current gain, beta = 200. 

Calculate the base current Ib required to switch a  

resistive load of 4mA. 

 

 

 

 

 

If VB =10V and an input base resistor, RB =100kΩ.  

What will be the value of the base current into the transistor? 
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Transistor as a Switch: 

 

 

 

 

Cut-off 
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Transistor as a Switch: 

Cut-off Region: 

 

 

 

 

 

 

Saturation Region: 
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Example: 

Using the transistor values from the previous example:  

β = 200, IC = 4mA and IB = 20uA, find the value of the base 

resistor (RB) required to switch the load fully "ON" when the  

input terminal voltage exceeds 2.5v. 
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Darlington Transistor Switch 

 

When large currents or voltages need  

to be controlled, Darlington Transistors  

can be used. 

 



Sayfa 35 

Digital Voltage Output Representation 
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Binary Logic Levels 
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Digital Electronics 

 

 A Digital Logic Gate is an electronic device that makes 

logical decisions based on the different combinations of 

digital signals present on its inputs. 

 

 A digital logic gate may have more than one input but only 

has one digital output.  
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 AND Gate 
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 OR Gate 

 

 

 

 

 

 

 NOT Gate 

 



Sayfa 40 

 NAND Gate 

 

 

 

 

 

 

 NOR Gate 
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Some Sensors 

 Optoelectronics is the branch of physics that deals with the interaction of light 

with electronic devices, or the production of light from such devices. 
 

 Optoelectronic devices are 

 electrical-to-optical or  optical-to-electrical transducers (converters). 
 

 Optoelectronics is based on the quantum mechanical effects of light on 

semiconducting materials. 

 

 

 

 

 

 

 

 

 

In this chapter, we’ll see some of above 

Common Light Detectors: 

 Photodiodes 

 Phototransistors 

 Photoresistors (LDR) 

 Photomultiplier Tube (PMT) 

 Charge coupled device (CCD) 

 Optocouplers 

 … 

Common Light sources: 

 LED 

 Laser 

 LCD 

 … 
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 A light-emitting diode (LED) is a semiconductor light source. 

 

 Circuit Symbol:  

 

 A LED can produce the visible, ultraviolet and infrared wavelengths, with 

very high brightness. 

 

 

LED 
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Beam Divergence of LED and Laser 



Sayfa 45 

3D LED Cube 
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Photo-resistor (LDR) 

 A photoresistor or Light Dependent Resistor (LDR)  

is a resistor whose resistance decreases with increasing  

incident light intensity. It can also be referred to as a photoconductor. 

 

 Circuit symbol:                     or 

 

 

 A LDR is made of a high resistance semiconductor.  

 If light falling on the device is of high enough frequency, photons absorbed 

by the semiconductor give bound electrons enough energy to jump into the 

conduction band.  

 The resulting free electron (and its hole partner) conduct electricity, thereby 

lowering resistance. 

 

 LDR come in many different types. Inexpensive cadmium sulfide (CdS) 

cells can be found in many consumer items such as 

camera light meters and street lights. 
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Some Properties of LDR (Extracted from http://www.sunrom.com/files/3190-datasheet.pdf) 

 

 Typical Characteristics 
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(Extracted from http://www.sunrom.com/files/3190-datasheet.pdf) 

 

 Sensitivity 

The sensitivity of a LDR is the relationship between the light falling on 

the device and the resulting output signal (resistance). 

 

 

 

 

 

 

 

 

 

 

)log(75.02)log( vL ER

Equation of line is 

LDR resistance 

in kΩ 

illuminance 

in lux 
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(Extracted from http://www.sunrom.com/files/3190-datasheet.pdf) 

 

 Spectral Response 

Like the human eye, the relative response of a LDR cell is dependent on 

the wavelength (color) of the incident light. Each photoconductor 

material type has its own unique spectral response curve. 
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Photo-diode 

 A photodiode is capable of converting light into either  

current or voltage, depending upon the mode of operation. 

 

 Circuit symbol: 

 

 A traditional solar cell is just a large area photodiode. 

 

 When a photon of sufficient energy strikes the diode, it excites an 

electron, thereby creating a free electron and a (positively charged 

electron hole). Thus holes move toward the anode, and electrons toward 

the cathode, and a photocurrent is produced. 

 

 Materials commonly used to produce photodiodes are: 

Silicon (Si) 

Germanium (Ge) 

Indium Gallium Arsenide (InGaAr) 
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 When light falls on the photodiode, a reverse current flows  

which is proportional to the illuminance. 

 

 

 

 

 

 

 

 Responsivity of a an electronic device 

is measure of the  

electrical output per optical input. 

 

SI Unit: Ampere/Watt 

 

Response of a silicon photo diode vs 

wavelength of the incident light 
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 An example Si photodiode (S9219 series) 

     whose spectral response is like human eye!  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

See: http://www.datasheetdir.com/S9219+download 
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7 Segment Display 
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Opto-Coupler 

OptoCoupler is a single electronic device that consists of a  

light emitting diode combined with  

either a photo-diode or photo-transistor. 


