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Electronic Engineering ‘
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Electronic engineering is a form of engineering associated with electronic circuits, devices

and the equipment and systems that use them.
1 Electronic Engineering Fields

When asking the question “What is electronic engineering?”, it is necessary to understand
that there are many different fields and disciplines involved in the overall topic.

Some of the fields within electronic engineering include:

(1) Analog electronic engineering: analog electronics is still a major sector within the overall
electronic engineering scene. With many analog elements still being needed, analog circuits are
still widely used. While analog electronic engineering is not as large as it used to be many years
ago before digital electronics took off in a big way, the growth in the overall electronics market has
compensated for this. Analog electronic engineering can provide a stimulating environment in
which to work and a good career.

(2) Radio frequency electronic engineering: radio frequency electronic engineering has grown
in its size in recent years. With many more systems using wireless links, everything from mobile
phones to WiFi, 10T, short range links and much more, wireless technology is needed.

(3) Digital development engineering: many functions are now undertaken using digital
techniques. Accordingly many digital circuits are needed and this means that some digital / logic
electronic engineering is needed.

(4) Programmable logic engineering: with the complexity of many logic / digitally based
circuits, an approach that is being used increasingly is one where programmable logic chips are
used. FPGAs and other programmable logic chips are widely used, enabling large amounts of logic
circuits to be incorporated into programmable chips. Using high level design languages like VHDL,
the design is brought to within manageable limits. Also if the design needs optimizing or changing,
this can be achieved by changing the logic programme. This sector of the electronic engineering
arena is growing, and the tools becoming more sophisticated and very interesting to use.

(5) Software engineering: there is an increasing amount of software contained within

electronic products these days. As a result, software engineering is becoming increasingly
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important. In many projects, at least two thirds of the development budgets are allocated to
developing the software.

(6) Systems engineering: systems engineering is a particularly important element of the
design of any item. In terms of this sector of electronic engineering, a system is any complete
object. It may be a radio receiver, it may be a mobile phone, or it could be an item consisting of
several individual items.

The term “systems engineering” refers to the fact that this form of engineering looks at the
complete object or system, including smaller items, everything from boards to complete units. It
focuses on the operation of the overall system and ensures that the initial requirements are correct.
It finally tests the item to ensure that it operates to its specification, and also to the initial
requirements that were placed upon it.

There are also many other niche areas of electronic engineering: component engineering,
reliability engineering, risk management, quality assurance and many more. All are very important
and need basic electronic engineering skills.

While most electronic engineers will tend to specialize in one area for their career, it is
important to have a knowledge of other areas. This helps the engineer to interact effectively with
others from slightly different disciplines as always happens on large projects.

Take one every day example: a mobile phone base station has many elements, each requiring
electronic engineers with different specialities. There are the radio frequency parts used for the
transmitter and receiver as well as the antennas. However large amounts of software are required
as the system is complicated and it requires a lot of elements to be controlled. Signals have
complex functions along with acknowledgements of messages sent and received. Software
engineering is required for this. Also programmable logic is used for many of the logic requirements
and this links into both software and also the logic hardware design as well as many analog functions.

Other engineering skills including system design, installation planning, cellular coverage
planners and many others will be needed as well.

It can be seen that something as common as a mobile phone base station requires many

engineers with a variety of skills.
2 Opportunities in Electronic Engineering

Electronic engineering is normally focused on creating electronic items, from small electronic
gadgets right up to huge systems like aircraft, monitoring systems, and many more items.

In many areas electronic engineers can be creating items that benefit others: medical
equipment has a huge amount of electronic elements; safety systems also have electronics; there
are many ecological projects that have electronics at their core.

There are in fact many industry sectors in which electronic engineering is used and

where electronic engineers are needed, including general electronics design and development;
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telecommunications; automation and IoT; medical electronics; defence electronic engineering;
manufacturing engineering; broadcast; aeronautical electronics; consumer products electronic

engineering; and research and development.
3 Activities within Electronic Engineering Projects

There are many stages in an electronic engineering project, from the initial design concept
right through its design, testing, production and then in services. There are many activities which
can be interesting, captivating and can provide an interesting career.

Some of the activities may include development of initial design concept; field trials of initial
concept; initial design; development; design testing; introduction into production; post design
services; customer liaison; and sales and marketing support.

These are some of the many activities that are undertaken by electronic engineers during
projects. While much of the electronic engineering is undertaken at the base laboratory, it is
sometimes necessary to travel to support customers, undertake liaison with suppliers or even with
other contractor companies supplying an overall system. This can be challenging and rewarding

and it can provide an additional insight into how the overall engineering environment operates.
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FPGA (field programmable gate array)
VHDL (VHSIC hardware description language)

E&RE

R A2 ] %5
B EREBEEHRIET

SEIEXL

B F I %

W F TAZ R —F 5 dF i s, BAABAL TA16% & A R Gl £ 6h 142,

1 BFTEINE

L2 “HrafeFIAR? 7 8, ik

A ZAH BRI % R WU Fn FALRARAT b 24

W, TAZ (L35 VA T AR

(1) i F 142 EEANGT TR, EMETHARZ— 2K, o THEE
HFZ RO, Bk, QT2 R, RAEME T TG E R e S FT T R
F il RIEPREIRAL R K, (A0 F T 350938 KIFANT X — &, Ak F A2 A
RAE— A ARG TSRS o RATFEG IR A JE

(2) H9dF 42 L5k, SR GT IROGIEREY K. MRS 09 R 50 LA
34 (MFHLE] WiFi. B . 2248945 ), XSHRE 2L K,



6 || BFIEEFEHIE

(3) KFFRIAL: NAHF S HENREARFEARAZILY., A, 5% 05 40E5 24K
Fuih, XBREFE L F/EHG T IA,

(4) THAREZHIAZ: b THEATER/RFORRGT LM, ANARMS LA
TRAZE S B . FPGA Ao At ~T A28 80 F AR 3248 R, 13K E0EE Ok aEsm &
RE|TT A2 S K P, @itz VHDL F 5k itiE S, B4 ATERGCEAR, 4
RBOTE BRAK IR, NToAE S F G A5 R EI. & F TRGZAAREALAEK, T
FL A4 F sk ik LA R AR kAL AR A AR,

(5) B 1A2: dob, BFFRF AL AS. Bit, KA TR TFHMEAME
Z., EFEZRAY, 2V R ATER TR LA,

(6) 24142 RAGITARAEMEFRB X FH4FN T, St FIEX—ARME, &
G RAEAT 3T . C TR — AN REBIIE, THREZ TN, L TaE G AL
8930 B ZH A% 89 K

“BATAR IMEAMNF TELRTTEGTERAL, G GRE, WwABBRI| T
P, CRIEENRGYIEST, FARMBERZEAY, RE, CLOMNKXEZRE, v
ARG de BHLTE Famn4b B KRB AT,

BF TAEA S EAAUR, it I, THERIRE. NLFE. ReRiEs., A
KA ATAE R, T AEBA R BT TARH .

BARK S ST AP AERLAE TG F 2T /AR, 12T ARG SRk E
2, XA BT AR L 5k f RE F A AT S A ), st KE R B 278 K 09TRAE,

Blde, FHASER F % A, BANAHEE ZEH AR £ kiR & F T, KA.
BB o REAER AN, BT AR, FAFZEHRE A, AREEZRED
B, 50 4, B R TR E Fe eIl e AN, X3 E B A A2, e,
TRAZIEER TiF 2 B3R TR, FHHM4. FHEBMAZITARF S AR f A K B,

FEEA TR, ORI, RENXN. BT EEIANE.

TUAFE, BFAISEIF T I REE 255 BA &AL a0 TA2)F.

2 BITENWNS

W TAREE EETAERT Z o, KPR EFZRi KA A4, kil BizR4AF.

FEF S AR, &F TARIFHT ) E B A £ FA =& EFX&ER K e-TFukt;
ZEFAEH B TRE; FEAESTE G SHAET o,

FXE, HEALEERN T IAE, EEOF IR, aFdAw Tt E5FL. B
2. BahefedhBiM. ERN ST, BHST I, Sl 1. 7% e T, Hfad
FTIERUBFRE A,

3 BIFTEMBEREYER)

wF AR E A RS N AR A . maR. A7, BIHEAEA . F
2 E DA ME . RIIAL, TUARB—AF ARG I A B,



Unit 1 || 7

b — B E T B AT O TR MR NI IR . ket A
AR, BANA . BERIHR S B P R VA BANE AT 3 L.

KR F IARIFAR B HRHATF L T T BARIF B FIAERER
R ERATY, RANEREEZLIFES, HSHEHATIRE, LE5RBEENZRY
H AR LT N E) HATIES . X T B B DR M Ao 3Rk, FF LT ARt B/ TAZ IR Ao fTiE 4T
RS 9 AR

Text B
Types of Electronic Devices

FARBATIRIC

1 Resistors

The resistor is a passive electrical component, whose function is to introduce resistance to
the flow of electric current in an electrical circuit to limit the current. The magnitude of the
opposition to the flow of current is called the resistance of the resistor. A larger resistance value
indicates a greater opposition to current flow. The resistance is measured in ohms (Q), and its
equation is as follows.

V

R=—
I

The voltage (V'), current ( /), and resistance (R) are related by Ohm’s law. i.e. V' = IR. The
higher the resistance R, the lower is the current / for a given voltage } across it. It is a linear device.

Resistors dissipate electrical energy given by P = I?R Watts or Joules/sec.

Resistors are made using different materials such as carbon film, metal film, etc.

Different types of resistors by application: common resistor (which is used in current limiter,
setting biases, voltage dividers, filtering, termination resistors, load resistors, etc.), precision
resistor (for voltage feedback circuits, voltage references), current sense resistors, and power resistors.

Resistor selection parameters: while selecting any resistor in the circuit, the designer needs to
consider the following parameters: resistance value (R), power (Wattages) dissipated across it, and
tolerance (+/— %).

2 Capacitor

The capacitor is a passive electrical component, whose function is to store electrical energy and
deliver it to the circuit when needed. The capacity of a capacitor to store electrical charge is known

as the capacitance of that capacitor. It is denoted by C. The unit of capacitance is Farad (F).
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Various uses of capacitors: Blocking the flow of DC voltage and permitting the flow of AC,
hence used for coupling of the circuits; phase shifting and creating time delays; filtration,
especially in removing ripples from the rectified waveform; getting the tuned frequency; and as a
motor starter.

Capacitor selection parameters: While selecting a capacitor in any circuit users need to take
care of the following parameters: capacitance value, maximum operating voltage of the capacitor,

tolerance, breakdown voltage, frequency range, equivalent series resistance (ESR) and size.

3 Inductors

The inductors (also called as a coil or choke) is a passive two-terminal electrical component.
It stores magnetic energy when an electric current is passed through it. It’s an insulated wire
wound into a coil around a core of some material (air, iron, powdered iron, or ferrite material) in a
spiral form.

The inductor is denoted by inductance L and the measuring unit is Henry (H).

An ideal inductor has zero resistance and zero capacitance. However, real inductors have a
small value resistance associated with the winding of the coil and whenever current flows through
it, energy is lost in the form of heat.

Applications of inductors: in buck/boost power regulators, in filter circuits in DC power
supplies, isolating signals, in transformer to step up/down the AC voltage level, in oscillator and
tuning circuits, and generating voltage surges in fluorescent lamp sets.

Types of inductors: inductors are mainly classified depending on the core material used and
operating frequency. The different types of inductors are iron cored inductors, air cored inductors,
powdered iron cored inductors, ferrite cored inductors, variable inductors, audio frequency
inductors and radio frequency inductors.

Inductor selection parameters: while selecting an inductor in any circuit user needs to take
care of the following parameter apart from the application: inductance value, tolerance , maximum
current rating, shielded and non-shielded, size, Q ratings, frequency range, the resistance of the

inductor and type of core used.

4 Diodes

The diode is a two-terminal semiconductor device that allows an electric current to pass in
one direction while blocking it in the reverse direction. The diode is made up of a semiconductor
device with P-type material and N-type material. Typical material used in a diode is silicon and
germanium. They conduct when a minimum forward voltage (around 0.7V for Silicon) is applied

across it and remain off during reverse bias condition.
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Applications of diodes: power conversion (AC to DC) / rectification , clamping the voltage,
zener diode as a voltage regulator, over voltage protection, ESD protection, and demodulation of
signals.

Type of diodes: rectifier diode, switching diode, light emitting diode, zener diode,
Schottky diode, ESD diode, tunnel diode, varicap diode, photodiode, and laser diode in optical
communication.

Diode selection parameters: while selecting a diode in any circuit users needs to take care of
the following parameters: forward bias voltage, maximum forward current, average forward
current , power dissipation , reverse breakdown voltage/peak inverse voltage, maximum reverse

current, operating junction temperature, reverse recovery time, and size.
5 Quartz Crystals

The quartz crystal is made from a thin piece of quartz wafer. This wafer is made from silicon-
material. The wafer is tightly fitted and controlled between two parallel metalized surfaces which
make an electrical connection. When an external voltage is applied to the plates, the crystal
vibrates with a certain fundamental frequency which creates alternating waveform which swings
between high and low levels. This phenomenon is known as the piezoelectric effect. Due to this
property, they are used in electronic circuits along with active components to create stable clock
input to the processor.

Quartz crystal applications: used in oscillator circuit to provide a clock input to the processor
device, and source of reference signals for RF.

Quartz crystal selection parameters: load capacitance, fundamental frequency, frequency

tolerance, frequency stability, ESR, and operating voltage.
6 Relays

A relay is an electromagnetic switch that opens and closes potential-free contacts. An electro-
mechanical relay consists of an armature, coil, spring and contacts. When the voltage is applied to
a coil, it generates a magnetic field. This attracts the armature and causes a change in the
open/closed state of the circuit. It is mainly used to control a high powered circuit using a low
power signal.

There are mainly two types of relays based on constructions: electromechanical relays (EMR)
and solid state relays (SSR).

A solid state relay has a photodiode at its input side and a switching device such as
transistor/FET at its output side. When a specific voltage is applied at its input, photodiode
conducts and triggers the base of the transistor to cause the switching. Due to its fast switching,

miniaturized form factor, low voltage requirement, and eliminating the mechanical arching,
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electrical noise and contact bounce, it’s more widely used in applications compared with
electromechanical relay.

Applications of relays: controlling the high powered circuit with isolated low power, such as
controlling 230V AC circuits with a +5V signal; switching voltage ON/OFF; and connecting or
disconnecting electrical MCB (Micro Circuit Breaker).

Selection parameters for relays: output load type (AC/DC), input coil voltage for a
electromechanical relay, photodiode voltage for SSR, output switching voltage, output current,
on-state resistance, number of switching, number of poles and contacts, and type of output
contacts.

7 Transistor

The transistor is a non-linear three-terminal semiconductor device. The transistor is considered
to be one of the most important devices in the field of electronics. The transistor has transformed
many aspects of man’s life. There are two main functions of transistors, to act as solid state
switches and to amplify input signals. The transistor acts as a switch when operated either in
saturation or cut-off region. It amplifies signals when used in the active region. It offers very high
input resistance and very low output resistance.

Transistors are categorized into BJT (bipolar junction transistor) and FET (field effect
transistor) based on their construction.

Types of transistors: BJT: NPN and PNP ; FET: JFET and MOSFET.

Applications of transistors (BJT/FET): amplification of analog signals; as switching devices
in SMPS, microcontrollers, etc.; oscillators; over/under voltage protection; modulation circuits and
demodulation of signals; and power control in invertors and chargers (high current power

transistors).
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