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CIRCUIT BREAKER, TIMER AND
POWER CONTROL

M — - i R

39.1 INTRODUCTION

kawwmehnpamofsafﬁysymmusedhhﬂusuiﬁ,hwsdwmmm&mchim-
gadgets and where not. Similarly'for specific purposes'and operation of systems -timefs
are used. For example if onc wants to operate system after a gap of cvery fifieen
minutes, timers can be used to switch on or switch off accordingly. Washing machine,
VCR & Television are a few examples. The third most important aspect is control of
powerh:asystanmemsanopﬁmmnuscofpowerusingelectrmic devices/systems. In
ﬂwpman!mmywwinldam‘abmnthcsc'systms,Wehavcbemmmgdiﬁmmt.typu
&WMMWM@M&GW&:WWMW@S
about their principle of working. In the present lesson you will leam about the basic
principle of these devices also.

39.2 OBJECTIVES

After studying this lesson, you ‘should be able to :

o  explain various circuit b;;uh;m used in electronic circuils,
e  describe integrated circuits;

e . expiain the workiné principle and application of timers;

o  recognise the mechanism of electronic power control; and

o state the working principle of the calculator and atomic clock.
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39.3 CIRCUIT BREAKERS AND MCB

You must be familiat with a fuse system attached with mains in you house or in a
building to supply electricity. Fuse is also fitted in electrical/ electronic system/devices as
a safety measure. (safety of instrument of System against high current/short circuit/ -
overload etc. Fuse is a simplest form of circuit breakers and its main purpose is'to break
the circuit under the condition of short circuit/overloading, Basically it is a very thin
. wire of very high resistance. When current more than its rating passes through it, it gets
burnt and circuit breaks thereby saving the system, wiring etc. Some circuit breakers are
spring type also which on passage of high current (higher than rated value circuit) break
the circnit. .

Now a days relay type electrically & -electronically operated circuit breakers are used.
These are also called Mini Circuit Breakers (MCB) figute 39.2. M has a rélay which
connect or disconnect the system withmainsasrequiredtopmtwtshortbifcuiﬁng
automatically. Normally in ail MCBs the circuit breaks automatically but one has to reset
or switch it on to restart the circuit again. Semi conductors are used in MCB now a days.
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(@) BMM‘YP‘* Fig. 39.1 : Mini circuit breakers ~ (o)Manual tape.
39.4 INTEGRATED CIRCUITS (ICs)

In previous lesson you have already leamt about microprocessor(s) and its applications,
The need of the hour is miniaturisation and you will besurpﬁsgdtoknmﬂmtaﬁoldday
cmnputerwhichwashousedin6mmnshasbemmphmdbyammm
version (speed wise, performance wise, ease of handling) on desk top or iap top.

IC is integration or purting together various discrete components (like resistor, capacitors,
transistors, diodes ctc.) on a single chip. An IC looks like fig 39.2 from inside & outside.
39.4.1 Types of ICs

ICs are mainly of two types-

o  Linear IC- They arc used in amplifier, oscillator etc.

»  Digital IC- They are used in computers, logic circuits etc.

Fig. 39.2 : An integrated circult (IC)
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These ICs areusedinahmstallelectmﬁcsystmnmvadayse.g. TV, VCR, computer,
washmgmachhnsathmseholdievclandinbigmdusuicsformnmmﬁmmdemnml.
From a Menolithic IC we mean (mono-single, lithic-chip) and one example of IC is
putting above 35 transistors, 30 resistors and a few capacitors, their interconnections on
1.65 mm chip of silicon.

Fol!owingiéanexanmicofvaﬂoustypwofintegmﬁons _
() :Small scale integration (SSI} -> 1-12 gates per chip, used in NAND/NOR gates
(i) Medium seale integration (MSI) -> 13-99 gates per chip-bipolar, MOS, used in

Counters, decoders etc.
(ii) Large scale integration (LSD) - > 100 gates per chip-MOS, used in ROM, RAM

(iv) Very large scale integration (VLSI)- >100K gates per chip- MOS, used in high
(v) Ultra large scale integratio ion (ULSI)- >10° gates per chip

(vi) Extra large scale integration (ELSD- >10°-10" gates por chip
ICshavebdmfahﬁcatedandﬁudappﬁmﬁminaﬁmnaliwalksofﬁfeﬁhhwsehdd,
hdqsuy,connhmﬁcaﬁmehcumiccmlsyﬂanac.VLSlmhawmeﬂmnlﬂ’-m‘ ‘
mmnpqsmmem.Andﬂwdeﬁcﬁmcaﬂedmbnﬁmﬂmw‘m)deﬁm.
Weshal!discusshldetnﬂabmttanIC-SSSCFmer)mthislesmIC-723isusedfor
votlageregulatimmd!C-?ﬂisopmaﬁonﬂAmpliﬁer. IC-7400 is used as 2-mput NAND

39.4.2 IC - Technology Fabrication

For fabricating IC some stringent controlled conditions must be fulfilled. For example, you
hnwmatin-stransistorym_hnvenpn or prp structures having two junctions. For making
& transistor you need following process to be done. ‘

1. diffusion - for making junction

2. aﬂdmﬂon-forisolaﬁm—separahxgoncmmfrmnpther

3. meallisation - for taking contacts. ’

4.  stripping - removal of unwanted portion

5. photolithography - for making pattcrn‘or’ interconnections on chip

When the size of device / structure is sub-micron then the presence of even a single dust
particle (size micron) will hamper the whole circuit. ‘

Heace, for making an IC onc noeds,

s dust free cican room

. hnghvmmnsym

e controlled temperature

. ‘ﬁ:ﬂumﬁsw process when.a-patiern is transferred on a

kY .
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e  de-ionized water - high resistivity water frec form ionic impurities. .

In IC fabrication the initial cost of creating infrastracture, equipment etc. is very high and
it is only batch processing that brings down the price. Here 50-100-wafers are proceed

wgalwrandgwmpmcmmayhaveevmmethanimmdmdualmdepmdmgupm
type and number of devices to be integrated.

39.4.3 Advantage of IC Over a Discrete Circuit

A discrete circuit contains various components (transistor, resistor etc)sepﬂ'atdymd
by wires, whereas

. IC is compact in size & small in weight.

e  Duc to batch processing cost is reduced.

¢  No solder joints hence much more reliable.

. Bmuseofshonercmnﬂcﬁngicadsbﬁtcrhi@ﬂétiumcylmpmsehobmhwd.--
39.4.3 Limitations of IC Technology

OnthconchandwhmlCtecMmlogyhasnumherofadvantages at the other it has certain '.
limitations too. They are as follows, ‘

1. Fabrication of inductors, transformer ie difficult.

2. Tolerance of passive components is as large as 20% or so.

3.  Costly for-small quantity production, Initial ~ost is very high.
4. Power dissipation capacity is small.
INTEXT QUESTIONS 39.1
1.~ What do you mean by IC? Where does it find application?

L PP TP A

~
2. Name ICS used for
(i) Voltage regulator (ii) Iimer (iii) Operational amplifier

...............................................................................................................................
L T I P T R LT T TR T P TP T PP P PP

...............................................................................................................................

5. Linear ICY are used in..........whereas digital IC' find application m.

Indlefollowmgsecnmyouwﬂlﬁndapphmﬂfmofﬂwmsumalc 555,
39.5 TIMERS

Timers are used for contrélling operation afamdiiucoracircxitél‘ormanpleym
have seen neon lights for advertising in the night. During day time these are switched off.

The purpose of switching on and switching off (when desired) can be served by using a
device called timers. heaﬂmdaysnndmmlanddeﬂrm:hmulummmum
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- Here is an example of mechanical timer: your alarm clock -gives \ switches on alarm at
desired time. Now  a days solid state timers or IC (integrated circuit) timers are used and
onc of these is IC-555. -It can produce accurate time delays and the time period is controlled
by extémal resist ; binati
t . RC

The pin diagram of IC.- 555 is shown in fig. 39.4. It can be used as timer/ clock pulse
Mmﬂcanworkmdlﬁ'amﬁequmcyrangcs Hts size is very small (lcm. X .5 em.
X .2 cm.). Combmatmn of timers-1C-556 etc. all find application for time regulation of

onc of more systems.
: L Groune \/'comrouvom._ﬂ
(2] Trcger s 5]
[3._] oupu Discharge [ 71
[3] Rest Ves €. voltage 5]

4

Fig. 39.3 : Pin diagram of IC-555 _
39.5.1. Principle and Working of a Timer ,

The basic principle of a timer is first to accurately measure the time delay and then operate
the desired system either by giving mechanical contact, electric contact , electronic signal
depending upon the type of device and circuit used. Nowadaysmelectzmccm:mts
mtegrated circvits are used having logic gates, flip flops, comparators, amplifiers for
getting precise clock pulse. The description of these systems is beyond the scope of this
book. However in the text books of Physics you will find their brief details. The block
diagram of 1C-555 is given in fig 39.5. : ‘

6 Py 7 = -7

5 >_"R '{
£

Bk - S & Dg__.a

¥

I‘ | 4
Fig. 39.4 : Block diagram of 1C-555
| 39.5, 2. Applications of Timers

meﬂndamlﬂkmmmydeﬂncaimﬂdecﬁmuchdgebmchymdayhfemcludmg |
. military, uulm.Lspometc Afewofthunaregwenhere

!. ln‘!'VV@pmgmmablemmsym(h;wmglC timers) for desired danéwnsc
- imewise , daywmmum(mordmg switching on / off , sleep switch etc.)
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are available .These are very accurate and camry out desired operatmn without
fail (manual etror nil},

2. Inindustries, where time control of circuits / systems ( feeding , bottling plants,
washing machines etc.) the timer plays a wvery uséful role.

3. Medical - In intensive care unit for automatic switching on /off crucial life
saving systems is provided by timers.

4 - Military - For accurate calculation ( like object velocity. / posﬂmn. ‘missile
- attack etc.) electronic timers play very ‘important role.

5. In sports timer/ clock for aocurate determination of fime are used.

INTEXT QUESTIONS 39.2

L What is meant by a timer and what for it is used?
2. How will you control the time in the circuit/system? (which parameter is varied)

- Name the IC used for nimer application.

39.6 POWER CONTROL

In present day context of energy crisis, there is a need of optimum use of electrical power
in any system. Scientists and R & D organization are trying hard to build systems, where
the wastage of power could be stopped by controlling electronically the consumption
without hampering the performance of the device, gadget, system, As in example, if you
look at old fan regulators and compare with the present day ones, you will observe-
1) Older one is bigger in size and the modern ones very small.

4

2)  Tn older system the resistance wires were used to control, the current and hence the
fan speed, whereas the modem system is bascd on solid state device like SCR’s diacs
and triacs.

An intermediate category of regulators were transformer controlled, which was better than

resistance controlled in the sense that the power consumption was little less. In resistance

controlled system the power consumption was same for all speed of fan. In the latest

power controlled systems comprising of SCR a part of ac cycle is used hence a part of

the input power is used to control the speed of a motor or a fan. Therefore, the power

‘consumption is very small becanse a fraction of ac input cycle is used. Further the size
also become very handy.

39.6.1 Principle. of Working

An SCR is four layered semiconductor device with three termmals (ﬁg 39 5) anode cathode
and gate. Thcgatccurrmt:snsedtomggentatasmtablepomdcpmdmguponﬂw
power required. A combination of two SCR’s or a triac is more efficient and can be used
for full wave rectification with a power control. The operation of SCR can be expiained
on the basis of two transistor analogy (but it is beyoud the scope of this book). -
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Dlﬁ"emn types of SCRs are avallab]e in the market. LASER (light activated SCR) can
bcconnnlledbyhght. SCR acts like a switch which can be opérated in such a manner
that only a part of ac cycie (shaded) is used for operating a particular circuit (clectric/
eieclrdtuc) Thus power is saved. (Which depends upon cmxducuon angle.) 4] Prad

39, 6 2. Applications of Power ’
Cnntmlled Devices "
Power comrollmg devices are used in industries, by
controlling speed of motors and fans ( e.g. small "U
reguiator-SCR or Triac controlled) and many other .
systems. These are also used for controlling light : _[w

miensity on stages and stadiums (dimmer system). Fig. 39.5 : SCR for Power Controlied System

INTEXT QUESTIONS 39.3
1. What is meant by power control of a system?

2. Which device is used for power control?

..............................................................................................................................

-

3. What is the difference in regulating fan speed by an old  resistance type regulator
and a SCR controlled system?

...............................................................................................................................

39.7 CALCULATOR

You must be familiar with ‘abacus’, an original continuing machine (fig-39.6) which
your ‘parents shou!dhavegwenwhm you were too young { 1-2 year. old). Later with
requirement of calculation to multiply, divide, add, subject other manual type systems and
machmcs {manually operated) were developed. Slide rules and FACIT machines are older
version of 2 simple calculator, These machine had many limitations, the method were
cumbersome and on the top of it, the speed was very slow. Further it was not possible to
calculate complex mathematical, tfigonometrical and statistical functions.

{Ten balis to count }
1-10

JerEririal

Fig. 38.6 : Abacus Fig. 39.7 : Simple Calculator

With the advancement in the field of clectronics, electronic calculators (a simple one
shown in fig-39.7) have been developed. If yon visit a stationary shop, you will find
different types of calculators (a big range- from simpler one to programmable onc). A
programmablccalculatormyalsobemdmamunoomputer

A layout of a typical simple calculator has already been shown in figure 39.7 It has a
key board with push button for cach of 0-9 digit, decimal,[X] (5] [X] =)
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Mmory'@,me?Recaﬂctc.depﬂldingm _.“
the type of ¢alculator. There is & screen displaying results A

and entries in terms of mumbers, sign. The old displays wire
LED (light emitting diode) types, but now a days LCD
(liquid crystal display) are used (already discussed in lesson
36). In fact LCD consume very small power. The calculators
available these days are mostly button cell powered or
solar cell powered. . Manutes -yl

Fig.30.8: m Clock
INTEXT QUESTIONS 39.4_ _ * —
1. Why LCD type calculators are prefered to the LED type calculators? -

B e R L

.............................................................................................. B ibEresassriannraeritabanEaanen

3. Inan electronic dial clock if the inner circle gfaws camxpénding fo 45 and outer
circle glows éorresponding ro

e L e L m  Er o LA Bt amnn st n s as i bt an b anarnnasaners s ssaur it hanantanatsenyrtabaanre FLLTTH

4. What is the time shown by the clock?

................................................................................................................................

39.8 ELECTRONIC DIAL CLOCK

Using the concept of counters, multiplexes and demultiplexes, a novel type of- ebctrmm
dial clock is shown in Figure (39.8), Asthenmmsugg:sts,t!wdisphyisin‘hfrm
of a dial with LED’s indicating the hours and minutes. In the figure (39.8), we spe that
12 LEDs on outer circle form the minutes indicator, while the 12 LEDs in this under
circle form the hour indicator. Seconds are indicated by the center LED, The time is read
gsfolbws;wpposemthehomdrckﬂwLEDmupmdhnggwa,mdhﬂnmm
circle the LED corresponding to 15 glows, then the time is 2:15 The minute LED stavy
on for five minutes and then switches over the . next slot.
39.9 WHAT YOU HAVE LEARNT
. intmductionofcircuitbmker,ﬁumsmdpowcmdsym.. _—_—
*  The circuit breakers find applications in industries and houschold electricity supply
as a preventive measure against short circuiting, : - ‘
o Timers have been classified in mechanical, electrical and cloctromic ones and find
application in advertisements(Neon si_gn),indusuiuandmnyhmwﬁm,likc
*  In power control systems , now a days, many solid state devices ke SCRs, Triacs
mmuﬁﬂwyaboﬁﬁapphmmmgzlmum,WOf
motor control circuits etc. : _
39.10 TERMINAL QUESTIONS .
. What do you mean by an IC? Mention the functions of an IC4imer?
2. What are circuit ‘breakers? For what purposc are they used? Give an cxample’ of
* simplest form of circuit breaker. : _ . a

-

SN AL, e,

.
136.



Circuit Breaker, 'IlmerandPuwerCowol :

3 Dlmngmshbetwem&mmam:alandautmnaucclmubreakets
4. .What is basic difference between linear and digital ICs?
5. What steps are used for making a transistor?

6. Explain the conditions for fabricating an IC.
7
8
9

}lowanmtegatedmrcmnsbcttcrthanadlscmmcmt"

. E:q)hmﬂzmleofcxmmbmkermmdustrymdhmmeholdsupply

. Explain principle and working of IC-555. How-it is different from 1C-5567

10. Mention the parameters which control the time delay.

11. Name the device mostco:mmhly used for power control.

12. ;ﬂw:;t arc applications of LCD and LED? Give advantages and disadmmgu of
13. Explain the principle and working of a timer. Also mention its applications in the
: field of medicine.

14, ,Wrmcprmpleofacalculatorandnatmafcwtypeofalcmm. :

1. Explain how LEDs arc used in clectronic dial clock?
ANSWER TO THE INTEXT QUESTIONS

Intext Question 39.1

1. ICwanmtegraumofvanmwdlscretecmnpmmt;mamglechlp ICs arc used
malmnsta!lelechm:csystanshkeTVVCR,Cmnptmm

2 IC - 723 is used for voltage regulation
IC - 555 is used for timer.
IC = 741 is used for operational amplifier.

3. Main processes used in fabrication of an IC are - m&lmmmmﬂlm,
stripping and photo kithography. :

4, Bydmroomwcmnammnﬂeefrmdustandthcmﬁslmﬁb&'ucmnlhd
, bumidity temperature pressure etc.
5. amplifier, computers. '
Intext Questions 39,2
1 Tm:ruadmceusedformntmllmgopem&mofamhmmamﬁ.

2. Byumgad:dstatcummoricumaorbymmgmﬂmmm«m__
combination. .

3, IC- SSS:suaedﬁxmmrapphcanons

Intext Questions 39.3 -
L Pawmdofasyuunmumoptmnnmofdecmwmmusym'-
2. SCRuusedforpommd ,

3 TheoldmtypewgtﬂabrlsbmmsmwhumSCRuvuymn
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Intext Questions 39.4
I.  Because LCD type calculators Consume very small power.

2. Their speed was very slow and the methods were cumbersome.
3. Time is 3.45
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