Passive Devices

" !

Capacitors

P " u 2 *|

Semiconductors Transiormers Others

Resistor Concept —I

*Flow of electric current through a conductor experiences a certain amount of
resistance.

*The resistance, expressed in ohms (€2, named after George ohm), kilo-ohms (k€2,
1000Q2), or mega-ohms (MQ, 10°Q)) is a measure of how much a resistor resists
the flow of electricity.

*The magnitude of resistance is dictated by electric properties of the material and
material geometry.

*This behavior of materials is often used to control/limit electric current flow in
circuits.

*Henceforth, the conductors that exhibit the property of resisting current flow are
called resistors.
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Resistor Symbols
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Resistor Concept —II

*A resistor is a dissipative element. It converts electrical energy into heat energy. It
is analogous to the viscous friction element of mechanical system.

*When electrons enter at one end of a resistor, some of the electrons collide with
atoms within the resistor. These atoms start vibrating and transfer their energy to
neighboring air molecules. In this way, a resistor dissipates electrical energy into
heat energy.

*Resistors can be thought of as analogous to water carrying pipes. Water is
supplied to your home in large pipes, however, the pipes get smaller as the water
reaches the final user. The pipe size limits the water flow to what you actually
need.

*Electricity works in a similar manner, except that wires have so little resistance
that they would have to be very very thin to limit the flow of electricity. Such thin
wire would be hard to handle and break easily.

RESISTOR  —an—
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| Types of Resistors
o o o oo

= Wire Wound Resistor @

* Special resistance wire is
wrapped around an insulating
core, typically porcelain,
cement, or pressed paper.

* These resistors are typically
used for high-current
applications with low resistance
and appreciable power.

Fig. 2-3: Large wire-wound resistors with 50-W power
ratings. (a) Fixed R, length of 5 in. (b) Variable R,
diameter of 3 in.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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Types of Resistors
o i o o o

= Carbon Composition Resistors

the connections into a circuit.

= Made of carbon or graphite —_—— ey
mixed with a powdered —  mD————————
insulating material. — =i —

= Metal caps with tinned copper Sl ———
wire (called axial leads) are bl —
joined to the ends of the (R =
carbon resistance element. Wis
They are used for soldering dlald - =

= Becoming obsolete because

size indicates a power rating of 2 W.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

qf the d_evelopment of carbon- Fig. 2-2: Carbon resistors with the same physical
film resistors. size but different resistance values. The physical

Types of Resistors

Lo o o
Carbon Film Resistors ci‘;??
|
*= Compared to carbon Carbon film g

composition resistors, Ceramic

carbon-film resistors have
tighter tolerances, are less
sensitive to temperature

changes and aging, and Tolrs
generate less noise. L/ '

Fig. 2-4: Construction of a carbon film resistor.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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2-1: Types of Resistors

[ [ o o [ o [
= Metal Film Resistors Epoxy
» Metal film resistors have Metal ﬁlmGOﬂt'ng

very tight tolerances, are
less sensitive to
temperature changes and | gads
aging, and generate less
noise.

Ceramic

V‘t Yz in.

Fig. 2-5: Construction of a metal film resistor.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Types of Resistors
5 [ o o

= Surface-Mount Resistors (also
called chip resistors)
* These resistors are:
= Temperature-stable and rugged

= Their end electrodes are soldered
directly to a circuit board.

= Much smaller than conventional
resistors with axial leads.

= Power dissipation rating is usually
1/8to Va W

Fig. 2-6: Typical chip resistors.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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Types of Resistors

[
= Fusible Resistors:

= Fusible resistors are wire-wound resistors made to burn
open easily when the power rating is exceeded. They
serve a dual function as both a fuse and a resistor.

Types of Resistors
..© www.electficaltechnol(%g

| Resistor |
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Types of Resistors

ExampleslofiResistoriRackageNlfead¥andIMountingtStyles

Carbon & Metal Film Wire-Wound Adjustable QSMD Resistor
lid—— ‘
—E—E /‘t 0“ W m W W W
e e B B B
== Ay~
Thick Film_

ﬂ Special- Purgos ’ |! !%
Thin Film_ ‘ :
- . 1 @2 Compllation by

www.RFCafe.com
Examples provided by Radio Shack (radioshack.com) and Vishay {vishay.com) websitas

Types of Resistors
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Resistors-Water Analogy

carbon film gpiralled
away to give valug

ROCKS IN THE PIPE

E metal lead

&nd cap insulating coating

ceraic rog

Decreasing Decreasing
Voltage | s Pressure

Lood - i | Pump Load

St ..A.'_I' s
Spring ‘\. y / E!-‘:‘“-.r,-:

Lew Preswure XA = |

Resistor V-I Characteristic

*In a typical resistor, a conducting element displays linear voltage-current
relationship. (i.e., current through a resistor is directly proportional to the
voltage across it).

IV
*Using G as a constant of proportionality, we obtain:
=GV
*Equivalently,
V=RI (or V=1IR)
where R = 1/G.

—R is termed as the resistance of conductor (ohm, Q)

—G is termed as the conductance of conductor (mho, 25)

7/6/2022



Resistor Applications

Resistors are used for:

Limiting current in electric circuits.

Lowering voltage levels in electric circuits (using voltage divider).
As current provider.

As a sensor (e.g., photoresistor detects light condition, thermistor
detects temperature condition, strain gauge detects load condition,

etc.)

In electronic circuits, resistors are used as pull-up and pull-down
elements to avoid floating signal levels.

Resistors: Power Rating and Composition

It is very important to be aware of power rating of resistor used in
circuits and to make sure that this limit is not violated. A higher power
rating resistor can dissipate more energy that a lower power rating
resistor.

Resistors can be made of:

Carbon film (decomposition of carbon film on a ceramic core).
Carbon composition (carbon powder and glue-like binder).
Metal oxide (ceramic core coated with metal oxide).

Precision metal film.

High power wire wound.

7/6/2022



Resistor Examples

4\/\/;
Symbol for resistor

Contact leads aw :[I]]:D:

Resistor

aluminium fing

Resistor Labels

Wire-wound resistors have a label indicating resistance and power ratings.

A majority of resistors have color bars to indicate their resistance magnitude.
There are usually 4 to 6 bands of color on a resistor. As shown in the figure
below, the right most color bar indicates the resistor reliability, however, some
resistor use this bar to indicate the tolerance. The color bar immediately left to
the tolerance bar (C), indicates the multipliers (in tens). To the left of the
multiplier bar are the digits, starting from the last digit to the first digit.

Resistor value =4B x10° * tol%(Q)

A B C tol

7/6/2022
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Resistor Color Codes

Band color | Digit Multiplier

Tolerance

Orange 3 X1000
Yellow 4 X10000

X1000000000

Example

TALERAKNCE gold

FIRST DIGIT ysllow
MULTIPLIER. red

The first band is yellow, so the first digit is 4
The second band is violet, so the second digit is 7
The third band is red, so the multiplier is 107

Resistor value is 47 x10% £ 5%(Q2)

11



2-2: Resistor Color Coding
5 o

= Zero-Ohm Resistor
= Has zero ohms of
resistance. Single black color band

= Used for connecting two denotes zero resistance

points on a printed-circuit
board.

* Body has a single black
band around it.

= Wattage ratings are
typically 1/8- or 1/4-watt.

Fig. 2-11: A zero-ohm resistor is
indicated by a single black color band
around the body of the resistor.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Chip Resistor Coding System

L L [ o
» Body color is usually white or off-white

* End terminals are C-shaped

» Three (four) digits on the body or on the film

= First 2 (3) digits indicate the first two (three) numbers

= Third (fourth) digit indicates the multiplier

= Are available in tolerances of +1% 5% but tolerances
are not indicated on the chip

» The letter R is used to signify a decimal point for
values between 1 to 10 ohms (1R5 means 1.5 ohms)

7/6/2022
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Metric Units and Conversions

Abbreviation Means Multiply unit by Or
p pico  .000000000001 10 -12
n nano .000000001 10 -°
u micro .000001 106
m milli .001 10 -3
: Unit 1 100
k kilo 1,000 103
M  mega 1,000,000 106
G giga 1,000,000,000 10°

Digital Multimeter 1

+ DMM is a measuring instrument

*  An ammeter measures current

* A voltmeter measures the potential
difference (voltage) between two
points

* An ohmmeter measures resistance

* A multimeter combines these
ﬁzm functions, and possibly some

.......

Wﬂ additional ones as well, into a single

instrument

13
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Digital Multimeter 2

Voltmeter

— Parallel connection

Ammeter

— Series connection

Ohmmeter

=0 — Without any power supplied
L @) Adjust range (start from highest
X c";M““ limit if you don’t know)

Ammeter Connection

ammeter

Break the circuit so that the ammeter can be connected in series

All the current flowing in the circuit must pass through the
ammeter

An ammeter must have a very LOW input impedance

14



Voltmeter Connection

voltmeter

» The voltmeter is connected in parallel between two
points of circuit

» A voltmeter should have a very HIGH input impedance

Ohmmeter Connection

ohmmeter

(i

* An ohmmeter does not function with a circuit connected to a
power supply

* Must take it out of the circuit altogether and test it separately

7/6/2022
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Resistors in Series

3 mh
I o f 1}; ) Rtota1:R1+R2
o | T
T s k2 Ryu=111=2kQ
1k
Resistors in Parallel
12 mh
b mh G RmmFM
By ‘ " 3z R+k,
B D g @ Ix1 1
k0 k0 =—=—=0.5kQ
{ Rlotal 1+1 2

7/6/2022
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Exercise 1

Rotal

Rotal

BBy
R, +R;
1x1 B 3

=1+——=>=1.5kQ
141 2

=R

Variable Resistor Concept

«In electrical circuit, a switch is used
to turn the electricity on and off just
like a valve is used to turn the water

on and off.

*There are times when you want
some water but don’t need all the

water that the pipe can deliver, so you

control water flow by adjusting the
faucet.

*Unfortunately, you can’t adjust the
thickness of an already thin wire.

*Notice,

however, that you can
control the water flow by forcing the

water through an adjustable length of
rocks, as shown to the right.

Movable arm

7/6/2022
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Variable Resistor Construction

Wiper contact

Resistive material

. U X . . U i X Stationary contact
Terminal B Wiper Terminal A Terminal B Wiper Terminal A

* To vary the resistance in an electrical circuit, we use a variable resistor.

*This is a normal resistor with an additional arm contact that can move along
the resistive material and tap off the desired resistance.

Variable Resistor Operation

*The dial on the variable resistor moves the arm contact and sets the
resistance between the left and center pins. The remaining resistance of the
part is between the center and right pins.

*For example, when the dial is turned fully to the left, there is minimal
resistance between the left and center pins (usually 0Q2) and maximum
resistance between the center and right pins. The resistance between the left
and right pins will always be the total resistance.

Center pin

Symbol for variable resistor

Left pin Right pin
\ [ ‘

7/6/2022
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Variable resistors
o L o o

= Decade resistance box

* Provides any R within a wide range of
values

= First dial is the units or R x 1 dial.
= Second dial is the tens or R x 10 dial

= The hundreds or R x 100 dial has an R of
0 to 900Q

= Etc.

* Dials are connected internally so that their
values add to one another.

Variable resistors Characteristics
5 1 L o

Output Outpul
Resistance Resi
~

E

SE

>3
8

s Slider s, Slider
™— e — i
Max Position Min Max __ Position

Min
LOGARITHMIC TAPER v Circuitstoday.com LINEAR TAPER

50% 100%
Percentage Position of Wiper

7/6/2022
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Variable resistors Characteristics
mEDO T

Vour
Linear
Vax Law
1 |
|
= l
1] 50% 100%

Percentage Position of Wiper

Variable resistors Characteristics

y '
Resista q‘f’ o
S
alu C £ L2
£ ‘
B S &
H )
5 i
A
Rotation angl o -
(Clockwise)

7/6/2022
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Variable Resistor: Rotary Potentiometers

Variable Resistor: Other Examples

Photoresistor Thermistor

7/6/2022
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Resistance Formula

*For a resistor made using a homogenous material
L
rR= £~
A

where
p = specific resistance of material (material property)
L =length of conductor used to make the resistor

A = cross-section area of conductor used to make the resistor

Capacitor Concept

*A capacitor is an energy storage element which is analogous to the
spring element of mechanical systems.

*[t can store electrical pressure (voltage) for periods of time.

-When a capacitor has a difference in voltage (electrical pressure) across its plate, it
is said to be charged.

-A capacitor is charged by having a one-way current flow through it for a period of
time.

-It can be discharged by letting a current flow in the opposite direction out of the
capacitor.

7/6/2022
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Capacitor Concept

In layman’s terms, a capacitor is a tiny electrical
component soldered to the motherboard. Capacitors
perform a couple of different functions. First, a capacitor
conditions DC voltage to other components (e.g. the
video card, hard drive, sound card etc.) as a way to
provide a steady stream of power. Finally, a capacitor
can also hold or store an electric charge to be
discharged at a later time, such as in the case of a
camera flash.

" r—

Capacitor Construction

* A capacitor is constructed using a
pair of parallel conductlng plates +q: positive charge gain due to electrons lost
separated by an insulating material
(dielectric).

* When the two plates of a capacitor
are connected to a voltage source as
shown, charges are displaced from
one side of the capacitor to the other
side, thereby establishing an electric
field.

» The charges continue to be
displaced in this manner until the
potential difference across the two
plates is equal to the potential of
voltage source.

Direction of electron displacement

+q: negative charge gained due to electrons gained

23



Circuit Parameters

Conchictive plates

Capacitors

C= Charge/Voltage = Q/V
Units: Farad

Smooths changes
in voltage

WWWHWW

Capacitor Water Pipe Analogy —I

«In the water pipe analogy, a capacitor is thought of as a water pipe:
— with a rubber diaphragm sealing off each side of the pipe and
—a plunger on one end.

*When the plunger pushes toward the diaphragm, the water in the pipe forces
the diaphragm to stretch until the force of the diaphragm pushing back on the
water equals the force on the plunger—pipe is charged!

oIf the plunger is released, the diaphragm will push the plunger back to its
original position —pipe is discharged.

Pipe filled with water

)

Rubber diaphragm
sealing center of pipe

Plunger

7/6/2022
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Capacitor Water Pipe Analogy —II

«If the rubber diaphragm is made very soft, it will stretch out and hold a lot of water
but will break easily (large capacitance but low working voltage).

oIf the rubber diaphragm is made very stiff, it will not stretch far but withstand higher
pressure (low capacitance but high working voltage).

*By making the pipe larger and keeping the rubber stiff, we can achieve a device that
holds a lot of water and withstand high pressure.

*So the pipe size is determined from the amount of water to be held and the amount of
pressure to be handled.

TYPES OF WATER PIPES

LOW CAPACITY BUT HIGH CAPACITY AND
LARGE CAPACITY CAN WITHSTAND CAN WITHSTAND
LOW PRESSURE HIGH PRESSURE HIGH PRESSURE

STIFF STIFF
RUBBER RUBBER RUBBER

Capacitor Water Pipe Analogy —III

*Water capacitor: a tube with a rubber membranne in the middle
*Rubber membranne analogous to the dielectric, two chambers analogous to two capacitor plates

*When no water pressure is applied on the water capacitor, the two chambers contain same
amount of water (uncharged)

*When pressure is applied on the top chamber, the membrane is pushed down causing the water
to be displaced from the bottom chamber (appearance of current flow — displacement current)

apen

"Gwltch® dosad
i e Water Capocitor

Displacement

Current

f \ Abundonce
. of woter
Woater ".,",i\crged"
£ = Battery
Deficiency of
\ / water L

Water Conductor

High Prassure

Low Prevure "Charging” “Uncharged"”

7/6/2022
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Capacitor V-1 Characteristic

*The charge accumulated on capacitor plates is directly proportional to
voltage applied across the plates.

q oV > g=CV

where C is the constant of proportionality and is called capacitance (unit:

Farad).

*V-I characteristic of a capacitor is obtained by computing
d dg dv dv
—[g=CV —=C— 7" [t)=C—
1= di i (0=C—

*Alternatively, integrating the above equation w.r.t. time, and rearranging
terms, we get

V(t)= % jo‘l(r)dr

Capacitance Formula

*For a parallel capacitor: g, A
C=—o
D

- gy = permittivity of free space
- A = plate area
- d = separation distance of plate.
*Often, we use G = A/d as geometry factor (for other types of capacitors as well).

*If a dielectric material with dielectric constant K separates the two plates of the
capacitor, then C = Kg(G, where K = dielectric constant. Usually K > 1.
q -q

I
+ I

Voltage source

7/6/2022
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Capacitor Symbols

— + —
—_— AN —
Fixed Polarized Variable
capacitor capacitor capacitor

/ .\\

function
through—

measured in
il “/m’a Stormg Energy in Form|2 Conducting
2] o‘F an Ekec(rostratlcal Fiel|  Plates
!
5 Specifications |—|
are Models o(curs separated by

o T destrlbe
Fixed eq. for

I N w W
are divided \Tprox:matlon [ORAM)

into
A include

o Nom= [Tolerance]
m
Polarized
- - Voltage |\ |Dielectric
Il Ratmg |\ Tyme
v/ l L/ \A ESR
Tantalum Ceramic Paper (Equivalent Series Resistance)
Aluminium|Silver-Mica [Polystrene
Electrolytic

Polypropylene

consist of

are

Capacitors info :

7/6/2022
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Capacitor Variations

Axial lead Radial lead
|

*Electrolytic

*Ceramic capacitors ) )
—Aluminum, tantalum electrolytic

—ver opular nonpolarized . .
capaZitor pop P —Tantalum electrolytic capacitor has a
larger capacitance when compared to
—small, inexpensive, but poor aluminum electrolytic capacitor
temperature  stability and poor .
P Y P —Mostly polarized.
accuracy

—Greater capacitance but poor tolerance
when compared to nonelectrolytic
capacitors.

—ceramic dielectric and a phenolic
coating

—often used for bypass and coupling —Bad temperature stability, high

licati
apprcations leakage, short lives
Capacitor Variations
3.3 K 350
K2y
*Mylar Mica

—very popular, nonpolarized —extremely accurate, low leakage
—reliable,  inexpensive, low current
leakage

—constructed with alternate layers of
—poor temperature stability metal foil and mica insulation,
stacked and encapsulated

—small capacitance

—often used in high-frequency
circuits (i.e. RF circuits)

28



Capacitor Variations

ExamplesYofi€apacitordPackageYlfead¥andIMountingtStyles

Tantalum Aluminum Ceramic

A
o, T
'ai, \ el

Trimmer

: !l Thin Film
ﬁéx | .
b -/

| Sl
‘_ H }:’9

) @

Cnmnimﬂon h'gr
www.RFCafe.com

All examples provided by Vishay
website www.vishay.com

Types of Capacitor

e ‘;E!’) Protective Coating
o -1 ! Dielectric — Ceramic
— s w Electrode Disc
Connecting Wire

; ceramic disc type
Aluminum.| =10 : A
i, | capacitor

ceramic

$ ” capac itor
B il h
Negative o - \’ °° m{::::[;cy?.

terminal

Electrode— ; =
terminal g g 9 MLCC Type

Structural Diagram of a Typical

Connectin

Vertical-type Chip Aluminum ‘el
Electrolytic Capacitor (2-terminal
type)

7/6/2022
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Types of Capacitor

e e
vlt::éf‘\"gx\“ / \ ommm—
Dol A 3
o ‘P/-/ . r wnund‘w
,/ N polyester |
i~ metallised
. polypropylene
Afilm cap (X2)
“or
metallised metallised

polyester polyester
polyester

metallised

olypropylene  Mini ¥
polypropy . bt 'n’}
polyester

polyester or mylar

" " polystyrene
gregieap surface mountsizes
Types of Capacitor
< @ || £ e
—_ | ‘
- L .
Radial Ceramic Three Terminal  Wierd Ended  Surface Mount Mator Run Salid Chip Surface Mount  SUBPressor
Capacitor Capacitor  Electrolytic Capacitor Electrolytic Capaitor Tanta Ceramic Capacitor  Capacitor
Capacitor
= 1 &
) L — i_ L oh |
' — 11 [ i
Polyster Polyproplyne Memory Trimmer Polysterene Aluminium PCB Mount
i - i . lectralytic
Capacitor Capacitor Back-up Capacitor Capacitor Electrolytic Capacitor E
¥ Capacitor Capacitor

7/6/2022
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Types of Capacitor

Power Coil

Input  Polymer
MLCC cap
—

CPU
FPGA
DDR

ST _ITH

KRM series ZRA series

ECAS series

*

==

& s

/
LLL series

Polymer
cap

N

Impedance[ohm]

@Wé/

50k

2-M Frequency[Hzf

Comparison of Capacitor Characteristics

Type Capactiance | Voltage | . | Fraquancy | Lawhaat | Temperaturs | OC valinge | Wiihstand | Sarvios fife)
range range charactaristics | panaration | charmctaristics | charecteristics | voliage | reliabiity
Aluminum | Electrolytic (can) T [+] o % x X ® o A x
Polymer(can) S| O O |= 0 o] o o A o]
fohmeic) W A [a sl e ] o o A
Tantalum | MnO2 | O oo x x o [] Fa) x
Palymar & O o |lO 0 O o o Fay O
Ceramic | High-dielectric
constant @ O o |o o o A x o o

[< Polymer Al Cap(V)/g5.0x5.8/100uF 3

< Polymer Al Cap(H)/7343/100uF > | < Polymer Ta Cap/3528/100uF >
A T r TTTT1

_[‘f'il
T3
\

L ]
\ —18v ||
T =aav

5

Cap Change [%]
i

355 .

48

- 1.8V

|
|
[
|
|
ol =gav

IEEENEEEn NN ALl ||
50-40-30-20.10. 0 10 20 30 40 50 60 70 B0 90 [B0-50-40-30-20-10 0 10 20 30 40 50 60 70 B0 50

Temperature{deg.C] Temperature{deg.C]

l55.80-40.30:26.10 0 1620 30 40 50,83 70,8380
Temperature[deg.C|

< Polymer Al Cap(H)/7343/100uF >

8l

Palymer Al Cap(V)/p5.0x5.8100uF >

1
:

Temperature rise[deg. C]

| 7| |_ECAS series T
3 4 5 affo 1 2 3

b 1 2 3 4 5 8

/22

2
Ripple current{Arms] Ripple current[Ams]

Ripple cumrent|

@

[Arms]

7/6/2022
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Capacitor Reading Example —I

1st figure of value

2nd figure of value

number of zeros/multiplier

Tolerance (+%) See below

Tolerance code: M=20%; K=10%;
J=5%; C=+0.25pF

Maximum working voltage

*Thus, we have a 0.1uF capacitor with +10% tolerance.

Capacitor Reading Example —II

Ceramic
Label represente

" a tolerance

(O3M

Label says: 103M

Actual value: O.01uF £20%

10x1 10x10 10x7100 10x1,000 10x 10,000
=10pF  =100pF =1,000pF =10,000pF =100,000pF

frane

7/6/2022
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Capacitor Reading Value

Color  Significant digits Multiplier Capacitance tolerance DC working voltage

Black 0 1 +20% —
Brown 1 10 1% 100
Red 2 100 +2% —
Orange 3 1000 — 300
Yellow 4 10000 - —
Green 5 100000 +0.5% 500
Blue 6 1000 000 — —
Violet 7 10 000 000 — —
I Grey 8 - - -
White 9 — — -
Gold e — +5%* 1000
Silver — — +10% —_

Variable Capacitors

*Devices that can be made to change Rotatable plates
capacitance values with the twist of a
knob.

eAir-variable or trimmer forms

—Air-variable capacitor consists of two
sets of aluminum plates (stator and rotor)
that mesh together but do not touch.
Often used in frequently adjusted tuning
applications (i.e., tuning communication
receivers over a wide band of
frequencies).

Trimmers

—A trimmer capacitor is a smaller unit
that is designed for infrequent fine-tuning
adjustment  (i.e., fine-tuning fixed-
frequency communications receivers,
crystal frequency adjustments, adjusting
filter characteristics)
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Inductors

Inductor is a passive energy storage
element that stores energy in the form
of magnetic field.

Inductor characteristic is governed by
Faraday’s law:

da
Vn=—
dt
-V = voltage induced across an
inductor

— ] = magnetic flux (unit: Webers,
Wb) through the coil windings (a coil
made using resistance-less wires) due
to current flowing through inductor.

*For an ideal coil, magnetic flux is
proportional to current, so

Aol or A =LI

—L is constant of proportionality,
called inductance (unit: Henry,
Wb/Amp).

*So, now, the V-I characteristic of an
inductor is:
dl

d . d
V(=" (=" (L) =L

1(f) = % jO’V(r)dr

*The above V- characteristics
demonstrate that the current through
an inductor can not be altered
instantaneously.

Inductors

Inductor Symbols

I‘—>
” N

Inner Core

Length ({) ‘ Material

Cross-sectional

Air Core Iron Core (

Area, (A)

Il Al
e}

Ferrite Variable
Core Core

A
Number of Turns (N)
\4

Mutually Coupled

Coils

oon

Short

L,

oon

4
o =
L1
fo s W —

-— >

N
| Y

D
D
Lines of
Short Distance Magnetic Flux
—
)
D
L2
D
p—0

Large Distance
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Inductors

Current

Vv, _
1=Fj(1_emu_)

Voltage across inductor

—tR/L
V, =V +V, I Vl = V/;e !
Al T e
V,=IR+L=— T —
At ? As | — oo
As the current increases V,
time 1 — 1> —=
T W R
V,=IR+L— ViV,
At L
the rate of change of Time constant T = —
current decreases. R

Inductors
5 S5
5 2
hed S
@ S XL =2nfL
i1 o &
I lags V, by 90°
0 Frequency. Hz
z =R +x;
<
z X tame = =t
VL(LXY) E
/) sind = L
R Z
Impeadance Triangle . R
[ cos® = —
B Vg (LR) 4
Vector Diagram Voltage Triangle

https://www.electronics-tutorials.ws/inductor/ac-inductors.html
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Inductor-Water Analogy —I

Flywhee|

Turbing

*Suppose a turbine is hooked up to the flywheel and water is supplied to the
turbine. The flywheel will start to move slowly. Eventually, the flywheel will
move at the same rate as the current.

oIf the current alternates back and forth, the flywheel/turbine will take some
time to build up to the initial direction that the water wants to flow.
*As the current moves back and forth, the flywheel creates the extra

“resistance” to the change in current flow, but eventually the flywheel/turbine
will move in the same direction as the current flow.

Inductor-Water Analogy —II

Basic Inductor Operation Water Analogy
L~ Mognetc Fisld
-~ TonK ¥
L
- wited
\ == X =
- i
- Mechanical inertia and
:*-' - e inductor both resist sudden
g g i i . .
ahla change in their state
Water Inductor
Exponding Constond Maparmum ﬂ;"iqlsnu Iwat m
Field Energy gular e
Magnetic Field Mcg:&;nc Marnensan m Energy
1 T -
. \ Caliapsing «| 1 Coilopsing
|2 K e : m' =
ol A< A8 i) oo
2 - | . Zero Angular
Stoh SwB ‘E“’F'::g'“‘ StoA StoB g

*When switch S contacts A, the field generated by the applied positive voltage creates a reverse induced voltage that initially

resists current flow

*Based on the value of inductance, as the magnetic field reaches steady-state, the reverse voltage decays

*A collapsing field is generated when applied voltage is removed (switch S contacts B), creating a forward induced voltage

that attempts to keep current flowing

*Based on the value of inductance, as the magnetic field reaches zero steady-state, the forward voltage decays
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Inductance of a Cylindrical Coil

If number of turns per unit length

2 2
I = ,UON nr is “n”, then N=n/{ , so:

l

292 2
_H (n" 0" )zr _ 2 2 2

—Hy= permeability of free space L= / = Hh lrr® = Hon 4
— N = number of turns in coil . .

—A = cross-sectional area of coil.
— f= length of resistance-less wire ) )
used in coil —If a magnet{zable material .ﬁ.)rms

the core of coil, then permeability p
— r=radius of coil cross section. will be larger than .

Inductor Variations

Inductors
L
/ 73]{es \
are

are
measured in used to

have

/ - / \\ Store Energy
oy

(H) / in Magnetic Field
can be \ describe
include &
/ Behaviour
Fixed Variable Approximations

Power Ratings
(Watts)
can be PTH

ane
/ l ;/ \ _e'i"' (lead spacing)
(Fiag uned] [Tapped] SMT

(0402, 0603, 0805, 1210, etc.)

4
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Inductor Variations —I

Inductor Variations —II

*Tuning coil

«Antenna coil —screw-like  “magnetic field
blocker” that can be adjusted to
—contains an iron core that select the desired inductance value
magnifies magnetic fiel . . .
agnifies magnetic field —used in radio receivers to select a
effects

desired frequency.
—used to tune in ultra-
high-frequency signals, i.e.
RF signals
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Inductor Variations —III

*Chokes *Toroidal coil
—general-purpose inductors —resembles a donut with a
that act to limit or suppress wire wrapping

fluctuating current. _high  inductance  per

—some use a resistor-like color volume ratios, high quality
code to specify inductance factors, self-shielding, can
values. be operated at extremely

high frequencies

ExampleslofiinductorlPackageWfead¥andIMountingtStyles

Wire-Wound Ceramic

ase A
&

¢ MW
WV &

NFC & Wireless Charging

Compllation by

www.RFCafe.com EXamples provided by Piconics website

www.plconics.com

Examples provided by Vishay website Examples provided by TOK | EPCOS website
www.vishay.com wwow tdk.com
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o

e[solation

—acts exclusively as an
isolation device; does not
increase or decrease the
secondary voltage

—usually come with an
electrostatic shield
between the primary and
secondary. Often come
with a three-wire plug and
receptacle that can be
plugged directly into a
power outlet

Transformer

*High Frequency

—often come with air
or powered-iron cores

—used for high
frequency applications,
i.e.  matching RF
transmission lines to

other devices
(transmission line to
antenna)

*Audio

—used primarily to
match  impedances
between audio
devices

—work best at audio
frequencies from
150Hz to 12kHz

—come in a variety of
shapes and sizes,
typically contain a
center tap
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Transformer

Transfoermer

[ Is
S - I -
Ve = 4 Secondary
Primary Vs Circuit
Circuit
Me
turns turns
Secondary Magnetic

Coil core
primary J secondary Ve

§

Transformer
Symbols

Transformer Construction

*V, - is the Primary Voltage

* Vg - isthe Secondary Voltage

* Np - is the Number of Primary Windings

* Ng - is the Number of Secondary Windings
* O (phi) - is the Flux Linkage

Transformer Construction

Laminated
Steel Core

Primary and Seconda
Windings

A ==

Magnetic

Individual Lines of Flux
Laminations Core-type Construction =mes oL Shell-type Construction
Shell-type L aminations Coretype Laminations
- - N
E a L | |
.| .| tﬂ U
"E-T" Laminations "E-E” Laminations "L Laminations “U-T" Laminations

L]
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Transformer Construction

“dot” identification Transformer Waveforms

ANAN
V VY rpmm

\ A 4

Voltages In-phase

>

\/ \/ 180° phase
Reversal
wl A\ A\

<

Voltages Out-of-phase

Transformer Construction

Transformer Primary Tap Changes

Tappings
- (5% change)
) Primary Voltage Y et
—_— . > p

Secondary Voltage

Multiple Winding Transformer

Transformer
+ ry = +
Vei Vs
Dual Primary - - Dual Secondary
Windings i r ° G Windings One or More
Ves § Ve Primary Windings
N:1

Multiple Secondary
Windings
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Dual Voltage Transformer

Series Connected Secondary Transformer

‘ 120v
240V link .

+ ©
} 120v

N:1

Parallel Connected Secondary Transformer

+ -

° )

‘ 120V 22125\/: 1
240V link * - : ’IlnkS‘ 51%\;/\
[ 120V § 2‘25\/( J
’ N:1 -

Center-tap Transformer

Primary
Winding
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Hollow Core q

one loop

300/5A

Current Transformer
Main Primary Main Primary
Conduc Conductor
& l’ Ipl
4 Is
'//( Ammeter
=7
=7 CT Secondary
. Winding
Winding
. Circuit
Construction Symbol
two loops three loops
Secondary
Cail
Primary  150/5A 100/5A
Conductor

Amplifier

g

100V Step-up
Transformer

Audio Transformer

Impedance Matching
Line Transformer
aw

16 Ohms
W 80hms
4 0hms

Com

®swW

Com
Amplfier  Speaker

Impedance Matching
Step-down Transformers

-t

I,

Y 1;1 N
TETET

Loudspeakers in Parallel
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