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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

Sayfa 2



Resistors / ‘m“‘\

= 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
R1=1000 R1=1000

—NWW— 7 T

= Resistors can also be connected together in various series
and parallel combinations to form resistor networks.

Sayfa 3



. ) ‘ .
Resistor Types: / \

Carbon Resistors Film Resistors
Connecting Leads Connecting Leads
| TN ) |

Insulating
vy Material

Insulating Material Carbon Mixture Spiral Groove Resistive Film
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4 Bands

— E—
Color Codes PE—
‘ Colour | Digit ‘ Multiplier | Tolerance
| 0 ‘ 1 | 5 Bands
| 1 | m % — —
L]
| 2 | 100 | x2% 6eia, 5%
| § ‘ el | 6 Bands
| ! | 10000 | ———]
| 5 | 100000 |  £05% SEDKQ =
| 5 | 1000000 | +0.25%
| 7 | 10,000,000 | £0.1% / \
| s | |
0.01
[ whie | 9 | | Ist 2nd Srd
Gold 0.1 + 5% oo e i
Silver 0.01 + 10%
‘ MNone | ‘ | + 20%

‘ 15ppm

Digit, Digit, Multiplier =

Colour Colour x 10 colour jn Ohm's
Yellow Violet Red =

4 7 2= 4 7x102=4700Q

25ppm

Temperature
Coefficient

Multlpller

Tolerance

ckon
1L




BS 1852 Codes for Resistor Values

0.47Q = R47 or OR47

1.0Q =1R0O

4.7Q = 4R7

47Q =47R

470Q = 470R or OK47

1.0KQ = 1KO

4.7KQ = 4K7

47KQ = 47K

470KQ = 470K or OM47

TMQ = 1MO
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Voltage Divider Rule

I
Vi @—»— Vin=I(R1+R:)
_|_
Vri R
_ i - 1I"-"II-CL.t
_|_
VH“I RE Vnut = Vm (FqEEREJ
v @ -
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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)

S
108 Silver - 1.6x10™
g5 | Gold-24x107 CONDUCTORS
104 Carbon -3.5x107°
102 fiiin e N
Germanium-4.6x10"

10 —

. : SEMI-
102 - Silicon - 6.4x102 ”~ CONDUCTORS
10° =

6 o
108 i asinsiiins iy ————
10 < Glass -1.0x10™

\ INSULATORS

10" =

= Quartz - 7.5x10®
10%® vy - 2 o




Band Structure A

Allowed
band

= The electrons surrounding o
a nucleus have certain band

well-defined energy-levels. — - Ahonec

Forbidden
band

: Allowed
s band

Number of atoms

= 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.

€

== @IS

A4
A

v

conduction
band

Forbidden
energy gap [Eg]

Full
valance
band

Metals Semiconductors

Insulators

Conduction Band Conduction Band

Valence Band Eg

Eg

Valence Band

Conduction Band

Valence Band
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Elemental semiconductors are semiconductors where each atom is of

the same type. Examples are Ge, Si.

Adding impurity atoms from 3A or 5A elements (about 1 in 10°) to the pure
S/C (Si) crystal makes S/C a good conductor.

Compound semiconductors are made of two or more elements.
Common examples are GaAs or CdS.
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A Silicon Atom Structure

A Silicon Atomn,
Atomic number =14

Silicon atom showing
4 electrons in its outer

valence shell (m)

Shared
Electrons

Silicon Crystal Latlice
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n-Type Semiconductor

An Antimony Atom,
Atomic number = 517
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-
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Antimony atom showing
5 electrons in its outer
valence shell (o)

Impurity Atom J
(Donor) Shared

Electrons

Semiconductor

The diagram above shows the structure and lattice of the
donor impurity atom Antimony.
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p-Type Semiconductor

A Boron Atom,
Atomic number ="5"

8 on atom showing
3 electrons in its outer
valence shell (L)

Co-valent N st
Bonds — / \
g ) Hole
’
& \\ /
* - - -
- D \

x
\ ;

)(
t @)/'
Impurity Atom / \

(Acceptor) \ Shared
Electrons
\_.’
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 '\|/4
In electronic circuits.

= The Diode is the most basic “Active” component.

|-V Characteristics

—E —
[ A /A,
) % v
Y \/
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PN Junction -===-=

+ =

N-region | I P-region

SHES
of O
060 0-29 |0 io
Q0|
oo
©i0

-l ———— -

I l
Depletion
| Laver 1|
Vols [ | = - free electrons

® Positive Donor ion

© Negative Acceptor ion

across the junction

|

|

|

|
Fotential difference JI_

: + + Haoles

|
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Conventional Current Flow

Forward Voltage
Drop

Reverse Breakdown
Voltage

b

CGuadrant
Forward Operating
Fegion

Silicon Diode and its
V-l Characteristics

Forward Biased

+ -
0 > o
0.7v
Q—l_ll{ |_—O
Forward Bias
(switch closed)

T Leakage
Current

Cuadrant IIT
Revarse Operating
Region

| V{\JF:‘
0.3V Germanium
0.7V Silicon

Reversed Biased

G'H"'::)

e — o

0.7v

+II;O

Reverse Bias
(switch open)
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Half-Wave Rectifier m-=

I

| 3
0 D
© 30 T
Input Vs
O
1
Y — - +Whax

AN AN A a i 4%
"‘- ! "l f':qulvalent
v 5 { Resultant O utput Waveform

AC Input Waveform

Diode Sn'n:u:utljing
H . Eapalzltu:ur
© 1 =
[
AC FA '
(= Qutput
Input Ve - | 1-,:: |
= |
= < i - O utput Waveform
C Charges

AN /\

1'L =
. Eesultant Output Waveform

AC Input Wawveform

C D|scharges /W'th Capacitor

< Dutput Waveform
Without Capacitor
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Full-Wave Rectifier

ﬂv.

AC
[nput

Current flows
when DOy
conducts

Current flows
when D
conducts

YA i v

‘.—F‘-|

Resultant Output Wawveform

Va

A

2V

mex = () 637V,

T
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Full-Wave Rectifier

— Bridge
Hectfier

+ —

&, %
L
C l |

—— ' | Load

Smoothing | : :
Capacitor Ly

. oV

_ CCharges  C Discharges -~ Waveform
Ripple — ¥ & with

—~T—T— T
/N N NN

[ NI NN e R

Oy / V \V \ \ Capacitor

Resultant Output VWaveform
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Zener Diyode "

Symbol +1e
Y Forward
Current
Cathode Anode F
(K) or (A) Forward
Bias
Region
Reverse Bias _\“If‘f J
- g
Iﬁlr'l'n," o F _____ I Ve Forward Bias
0.3-0.7v
“Zener® Breakdown
Fegion
Ii('r'u:-c] —q— — — — — B
Y Reverse
Constant Current
Zener Voltage -1
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Zener Diyode as Regulator oM

Consider a 5.0 V stabilized power oo
supply is required to be produced D-C. input voltage
from rectifier or R-
fromaV =12V DC power smoothing circuit
supply input source. } — iy -
) ] Vin (Vg) +——O——§——-
The maximum power rating . t :
: : A
of the zener diode is P, = 2W. Ti Vout=Vv, _Hg
.;""*_.-.- B
i I+ "1."1
oy O Y Y o——¥___

* Max. current flowing through the zener diode: 1Z=2 W /5V =0.4 A.
* Min. Value of resistor: Rs=(12-5) /0.4 =17.5 Ohm.

*If R =1 kOhm =>1 =5/1000 =5 mA.

*1, =1 -1 =400 -5 =395 mA.
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Zener Diode to form a Square Wave "

R

MV .
Single Zener

@Einusnidal DEZ b — \_Dg\::r Diode Clipping

Wavef —
Avererm Qutput Waveform
. O
R
O
Double fener . .
Diode Clipping — —— - *Vz
Dz | oV
Sinusoidal 0 - _I___U__L.-’u'z
Waveform —%
N Output Waveform
O
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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 = 3*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

PNP Transistor NPN Transistor

Emitter Collector Emitter Collector

T T

Base a). Physical Construction Base

C
D—N—!—H—G i l p+—o
. Two-diode Analogy B
- Vg ——— -— Ve ——
E Ie Ic Ig Ic C

7\

c). Circuit Symbols
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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

= C Ic
' '
I R
1ll|llllr - .Ilulll:lt
® L
Y + |- + - A
[ T 11
VEE = Ve

Voltage Gain:

Ax; _ VOUt _ |C><R|_
Vin xR,
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Common Emitter Circuit
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Common Collector Circuit

Current gain: =1+ 1
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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.

I _ 4x1072
_ e _ _

NPHN Transistor Connection

If Vg =10V and an input base resistor, Rg =100kQ.
What will be the value of the base current into the transistor?

Vi —Vgg _ 10-0.7
_ VB VBE _ _
'n Rn TO0kQ M4
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Transistor as a Switch:

Cut-off

Ve Vo
R R
vV — v
Rir B |: out = . out
Switch

“opemn

= L
1 v Qv

Ig

Saturation Region

When Veg = U{mA} (transistor “fully-ON")
o= Yoo
C= R, /o
60
50 .
| Q-point
40 (active region)
30 ! Cut-off Region
I '\ (transistor “Fully-OFF")
20 ”,
10 e
Ve (V
"z 3 4 s e 1=
{CE[=at When |: =0
The input and Base are grounded ( Oy S

Base-Emitter valtage g < 0.7y
Base-Emitter junction is reverse hiased
Base-Caollectar junction is reverse hiased
Transistar is "fully-0OFF" { Cut-off regian )
Mo Collectar current flows (|- =0
Your = Yo = Vee =1

Transistar operates as an"open switch”

Vee

» Theinputand Base are connected to -

Vee » Base-Emitter valtage g = 0.7y
* Hase-Emitter junction is forward biased
R + Base-Caollectar junction is forward hiased
= Vout o Transistoris "fully-0OM" { saturation region )
Switch o Max Collector current flows (|- = oo/ )
‘closed” « %o = [ {ideal saturation
487 o Yoyt =Yg =T

 Transistor operates as a "closed switch”



Transistor as a Switch:
Cut-off Region:

1o

Ry

.II"'II.EIL[

Switch
‘open’

Vee

27

Switch
“closed”

The input and Base are grounded § Oy )
Base-Emitter voltage o < 0.7
Base-Emitter junction is reverse biased
Base-Collectar junction is reverse hiased
Transistar is "fully-0FF" { Cut-off region )
Mo Collector current flows ([~ = 0
Your = Yo T Vee =1

Transistor operates as an "open switch"

The input and Base are connected to % -
Base-Emitter voltage g = 0.7y
Base-Emitter junction is forward hiased
Base-Collector junction is forward biased
Transistor is "fully-0OM" { saturation region )
hax Collectar current flows (- = “oo/E )
Wi = 0 {ideal saturation )

Wour = Ve =0

Transistor operates as a"closed switch" 32



Example:

Using the transistor values from the previous example:

B =200, I- =4mA and Ig = 20uUA, find the value of the base
resistor (Rg) required to switch the load fully "ON" when the
iInput terminal voltage exceeds 2.5v.

RB= vm - vBE — Z.SV-U._EV — QOI(Q
I 20X10
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Darlington Transistor Switch

When large currents or voltages need
to be controlled, Darlington Transistors
can be used.

NPN Darlington Output

BmmL — BI K Bz =

Complementary (Sziklal) Quitput
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Digital Voltage Output Representation

Voo = +5v Voltage

Vout

v

4y

Vout 3v

2v

Tv |—

0

1 -2 1 3 1 4 6 Switch

Position

Digital Voltage Output
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Binary Logic Levels

First State mecond State

Logic "0" Logic "1"
L HIGH
FALSE TRLE

Lowe Level Woltage

High Level “altage

0% or GGround

+5 Yolts

Ov LOW
Loagic =0
Switch
Closed

Ov (Ground)

+5v HIGH
Logic™1°

switch
Open

Ov (Ground)
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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

Uiode-Resistor circuit Ulode-Transistor circuit
+Vee Ve
éﬂ éﬁ- éﬁz Vee A4 B4 Q4 A3 B3I Q3
aQ ___14_13_12|_‘11|_|1u’_|9_a_ﬁ

Inputs . Q Inputs Output L_‘
D P 4 L—‘
A —fg—24  Output A —1 :]DA . )

5 —f— syl T )
Ov Ov %
L
= == N1 H2zHAsH4aAsHe M7 [
Z-input AND gate 2-input NAND gate Al Bl Q1 A2 B2 Q2 GND
7408
=ymbol Truth Tahle
B A, )
A O—— 0 0 0
& Q
B o—— [ 1 [
2-input AND Gate :'I ? ?
Eoolean Expression Q = A.B Fead as A AND B gives @
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OR Gate

=yl Truth Takle
= A, (.
[ I [
Q
B 0 1 1
2-input OF Gate 1 ? 1

Eoolean Expression Q = A+B

Fead asz A OR B gives

NOT Gate

=ymbol

Truth Tahle

A Q

lnverter ar NOT Sate

A

Cl

0

1

1

0

Boolean Expression @ = not A or A

Fead as inverse of A gives
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NAND Gate

Symibol Truth Tahle
B A (2
A O— 0 0 1
& Q
B o— [ 1 1
2-input NAMND Gate :: ? ;

Boolean Expression @ = A.B

Fead as A AND B gives NOT 0

NOR Gate
=ymibol Truth Table
E i (2
0 I 1
Q

B I 1 0
2-input NOR Gate 1 - -

1 1 I

Boolean Expression @ = A+B Read as &4 OR B gives NOT O
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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.

Common Light sources: Common Light Detectors:
> LED » Photodiodes
> Laser » Phototransistors
» LCD » Photoresistors (LDR)
> ... » Photomultiplier Tube (PMT)

» Charge coupled device (CCD)
» Optocouplers

> ...
In this chapter, we’ll see some of above
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LED

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

= Circuit Symbol: {4

anode cathode

= A LED can produce the visible, ultraviolet and infrared wavelengths, with
very high brightness.

—_

Light output § mia')

A LED light emission spectra

IF
Green LED / Infrared LED .
I|_||

12
[0 ’1 1.00
I
ok 208 i 0.80
Typical autput 2 [ |
8 characteristic 2056 H 0.60
for LED © [ |
- =
& 504 || || 0.40 \
4 & |
- [
02 / !'. 0.20 _/ \
D G ] T T T \'I\‘-_. L) T 0‘00
L ' 400 450 500 550 600 650 700 700 800 200 1000 1700 1200

| 1 1
0 20 40 &0 &0 — lp{mad [
Forward current Wavelength in nm Wavelength in nm




Typical LED Characteristics

Semiconductor
Material

Colour ‘ VE @ 20mA

‘ Wavelength

850-940nm | Infra-Red

| GaAs
~ GaAsP  630.660nm  Red  1.8v
‘ GaAsP ‘ 605-620nm ‘ Amber ‘ 2.0v

| GaAsP:N | 585-595nm | Yellow | 2.2

" MGaP | 50570 | Green | 3tv

So | aw0sosm | Bue | 3o
‘ GalnN ‘ 450nm ‘ White ‘ 4.0v
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Beam Divergence of LED and Laser

RELATIVE INTENSITY

05

— LED
— Laser

7

/

\

S~

|

-90

-60 -30

0

30

60 a0

ANGULAR DISPLACEMENT (DEGREE)
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3D LED Cube

B 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.

N <
= 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 Pro perti es of LDR (Extracted from http://www.sunrom.com/fiIes/3190-datasheet.pdf)

Typical Characteristics

Parameter Conditions Min Typ Max Unit
Cell resistance 1000 LUX - 400 - Ohm

10 LUX - 9 - K Ohm
Dark Resistance - - 1 - M Ohm
Dark Capacitance - - 35 - pF
Rise Time 1000 LUX - 2.8 - ms

10 LUX - 18 - ms
Fall Time 1000 LUX - 43 - ms

10 LUX - 120 - ms
Voltage AC/DC Peak - - 320 | V max
Current - - 75 | mA max
Power Dissipation 100 | mW max
Operating -60 - +fo |Deg ©
Temperature
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(Extracted from http://www.sunrom.com/fiIes/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).

RESISTANCE AS FUNCTION OF ILLUMINATION

1000
= o0 Equation of line is
x
: log(R, )=~ 2—-0.75log( E,)
§ 10
R
T 10
- . . .
o o LDR resistance illuminance
01 10 10 100 1000 10,000 in kQ in lux

Ey (lux)
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(Extracted from http://www.sunrom.com/fiIes/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 unigue spectral response curve.

104

0%

BOR: \
(i \\
B0%

50%
40% \
0%

20% \R

- '”‘
10% -./
" Sa—
(- AN AR AR NN EE NN NN AN N AN NN ENEEEEENENENN|

asd 400 480 S00 540 580 &2 &80 FOO 740 vad B20 BTYD 920 100
Wawvelargth (nm)

Falative responss
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Photo-diode

A photodiode is capable of converting light into either
current or voltage, depending upon the mode of operation.

7
Circuit symbol: —

anode cathode

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.

!':"’ 500
/;I\l 2 800 -
U 5 =
: Rewverse E E 4007
I current o
o o 200 Light _,
- |+ Intensity
=|| | T T T T T T+
I 2000 4000 6000 1umens/m<

= Responsivity of a an electronic device
IS measure of the
electrical output per optical input.

SI Unit: Ampere/Watt

1)

Response of a silicon photo diode vs
wavelength of the incident light

e |

pd

\

A

\

\

\

0.6 1
| | -
=05 -
0.4 -
b
@D
S 034
Q
72
b 0.2 -
- /
0.1 1
0 |
400

600
wavelength [nm]

300

1000




= An example Si photodiode (59219 series)
whose spectral response is like human eye!

Typ. Ta=25 'C
o Typ. Ta=25 )
fs=10 % Typ.
T 02
L
)
=
o
(n'l
[ 7p]
L
m b — ’\
0.1 39219 SPECIFIED
$9219-01 RANGE FOR V (1)
‘ ! /
[ - ! /R o |
H //&
\V (M)
0 ' _ N\
200 400 600 800 1000

WAVELENGTH (nm)

See: http://www.datasheetdir.com/S9219+download
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/ Segment Display

g f Ov a b
[ 1 o o
Iy
- L L
A 4 L
o u
S
L -
:!;1 :!;H
.__,i
;H.__.+;:. '
T
Common Cathode IEI I?' I[]_-.,rl I?I I{ﬁl

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.

_———— — — — _——— — — — —

A D—f—l’" o+ A D—;—l’" o C
| l | |
' I | I
IR l - | Photo IR l " | Photo
LED I = :Dinde LED I == :Trarlsistnr
| ' | |
| ' | l & E
' I | I
K D—'._— —+0 - K D—L— -+ 0 B
Diode Transistor
Opto-isolator Opto-isolator
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