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. "'·· ril' !6\i(l;õrtJ'?tfo change over switch capable of provídihg ijtl;( · ,,'if'),
'".tremNEPA to generator and vice-v?rsa. This thesis present des1J7?f:,,?
and construction details of the autonÍaticchange over switch box was. ;If
made up of a plastic which are locally available raw - materials. The

circuit was powered· by a step-down transformer 12 - O - 12v which

gives 24v and was rectified and filtered. The stable regulated 12v d.e.

was fed to the relays which are design to give a required auto -

mechanical switch over. The unit was tested with generator and a

single 60w bulb at the consuming end and it was found satisfactory. i .t

I

l'•fr
?;



..

--
· and waveform showing parts of a poWêt .

•,_.,, ..
·;,,:·

I
-:?

lilJ

?.

I

2.1 {b) A. full wave bridge rectifier

2.1 (e) capacitor filter

2.1 (d) RC Filter circuit

. 2.1.1 Typical output voltage capacitor filter circuit

2.3 A typical step down transformer

2.3.2 Double wound transformer

Double wound transformer with centre taped secondary

Double wound transformer separate secondary and (11Ulti

tapped primary winding

2.3.3 a.e waveform

2.4.1 LED symbol

2.5.0 Symbol of fixed value resistor

Symbol of variable value resistor

i 2.6.1 Electromechanical relay
.

1 .(

.¡é;-;
- JIQ;. OOltrlPl,?te block diagram of an automatic change over switch

'_.
·, ?·

'
-·

:·?,
..

---

'"'."-,. '

.
,,

'"}?'"''•:;1\
·

.... ,:?:?_\:"•}?\¥???:-



2.1 (e) capacitor filter

2.1 (d) RC Filter circuit

. 2.1. 1 Typical output voltage capacitor filter circuit

2.3 A typical step down transformer

2.3.2 Double wound transformer

Double wound transformer with centre taped secondary

Double wound transformer separate secondary and (llUlti

tapped primary winding

2.3.3 a.e waveform

2.4.1 LED symbol

2.5.0 Symbol of fixed value resistor

Symbol of variable value resistor

It$, 1 ?lectromechanical relay

,t
: m?;ete t:>le1ck diagram of an automatic change over switch

.

.,,_, ;'.. ..
L

'•?
\?.?;:j',;__ _,?>;•·

. .
.

·

¡ _,it.?•/l ;'•'-"{/, _ ',
? •?,WJ\·:•.f

; \\t:

:¡ ,f



,.;y., Aft••.·-·••,_.,
',.<·'' ·".rt:l(?tlUCTION

.
.

,

.

Automatic change over switch

:<?:?.:i:? ,_ -?

refers to an automatic swif::

:¡

capable f ·t h.
·

0 sw1 c ing from generator to private power source, lt

also provides an automatic switch off of the generator without

human intervention.

1.1.0 STATEMENT OF THE PROBLEM

Problems used to arise in some companies like,

telecommunication. Companie¡s e.g. MTN, ECONET, GLO,
/

1 .-t

MTEL and NITEL, and also in theatre room of a hospital due to

frequent on and off of a power supply. Such problem can easily

be solved through this research work of the automatic switch

over where relays are manipulated to form a tremendous switch

over within some fraction of seconds without human

intervention.

:' : f;
•. 1,2,0 AIMS AND OBJECTIVES OF THE PROJECT

this project aims and objectives are to:

·•e•
·

_·.

,¡i¡Je?elép (design and construct) a sim
·

•.
,

.:-; ....
: ?

...
:.:

?: ?
.

. . . . .
.
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-

,,.- ... ,\,,: ?- _.·.:_ '.>. ·.>-.;_--?·'-.,,::a:,·, -
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?íll eas.e a humb?r ·i•r·.•·./.·..?t····•.·.. \,." ·,·:·-;·,f,.?...
_

. -.,-? .. ,

. . · "' o. pror;, ems· ,.-2· ire:1· . ,\,

,!·.' .
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·
.·

failure ·

· .-

·, ;
.¡ ..

,_ ,_. ,:_ ?.

_..

/-
i?.

? :\ ·

b. Provide ª design that is affordable compared to the
il'/.-' .. ?
?:) ?

c.

imported type of an automatic change over switch.

Select appropriate material (local material) suitable for the

construction of the automatic change over switch

d. Provide solution to the traditional practice of hand/manual

change over which involve a lot of human labour

e. Provide continuous production of such gadget

1.3.0 SIGNIFICANT OF THE PROJECT
'i .l

¡:.

¡,,, ! ,';o

In recent years there had been calls by different administration

in Nigerian and NSE (Nigerian Society of Engineers) and

COREN (Council of Registere?Engineers of Nigeria) urge in

developing designs that are capable of reducing human labour

for the well being of its citizens. This significant gave a roots to

the design and construction of this project.

..

AND I-IMITATION OF THE PROJECT
..

·•

? ?,a.rctr work Qart only provicle auto?
;r:·./ \.?,·-/\

·::
..

;::::... .;;?/t/1t?{: .'s·.}_.1,:,_ ::-_

... ,;. ·: _ _.· :?¡?·•\ ·\Y1c ·:?:t::··>r···



been done to put the key word "automatic change over"

together.

For this project research work, all controls are via relays, that

provides the required change over were necessary.

2.1. POWERSUPPLY

According to Basil and Galen (1993), power supply universally

refers to a system for converting a.c. (50 - 60Hz) to d.e. with

suitable voltage and current ratings. There are two classes of

power supply, these are called:

i. Linear and

'i .{

!,

"'.,'

:i..c.::<
·- t' -

:.
·

.·•• ); consideration shall be limited to the linear supplies consist

1-".-"t.t{" ,;:.

',ft'fn?l'lt.

ii. Switching supplies



connected to a transformer which steps it down to the level for

desired a.c. output. In this project, the transformer used has a

stepped - down voltage ratings of 12 - O
- 12.

A diode rectifier (full - wave) bridge type built around for in

4001 diodes are used to provide a full - wave rectified voltage

which is applied to a filter to smoothen the varying voltage. The

ave bridg;·rectifier used in this project is shown in fig.
;-, I

,;,;

._/r¿¡;.4!;4?,? .. ,,,.,,,,¡n ..
;i



There are different types of filter circuits. In this project we shall

consider capacitor filtering, though the two types of filter circuit

and their effects on the applied rectified waveform will be

discuss. The filter circuits in view are shown in fig. 2.1.0 (c) and

(d) below
e

_J_
e-,-

e

Fia 1..• •
( )

C"f-1e1-tõr-
.., I o e f, t-ter

CAPACITORFIL TER

R

1=1 7?.
D

::Jo

F-fj .1.-l•o(d) {)_c. filter
Cír c.«it:

..

Fig. 2_ 1 _ 1

·

bel?w
shows a typical filter output voltage. It can be

·•<?,
...

-_.
. d th t the output voltage waveform has a d.e. value and )"-'_ ·;

. ,11,Serve a
.. ,·•.

:_. -. ' '
'

,,'' . '' _--' ' ·-: .·•·-··_
.. ,,--_ ... ::-:___

1

.

,, • ; váriatton (ripple). The smaller the a.c. vana ,

?l'tl??--??-
.



Form the above wa fve orm, we can determine the ripple of the

filter output using the relation.

r =ripple= ripple voltage (r.m.s)

d.e. voltage

= Vr (r.m.s) x 100%

v.d.c

'i ,f

R.C. FILTER

It is possible to further reduce the amount of ripple by using the

'I·,

4i0t,:,.E '·::;; .: . this improvement. This includes a lower d.e. output voltage due

··4?
,,

-

·

jút;;.J'1e· d.e voltage drop across the resister, R.

?if.

Re filter circuit shown in fig 2.1.0 (d). There is a price to pay for
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.

i •,\,ii ¡-.
"·

'J
.. ·'

' .J

;I "t:?;,.,,.?- .

; :,Jari.ttlíons is then provided as in.putt??,,(1:fi?.-
.

,5', P:i'fcuit (LC) regulator Which provides a well - ??ffne?éí'}ê ,

?

. - ·. -· .· -•--'- .. , , , ..
:,•?,:

'.',

voltage with either eternally low or no ripple voltage over a ..... _

.

',i"(

range of load.

2.2.0 TRANSFORMER

The transformer is its simplest form consists f two inductive

coils which are electrically separated but magnetically linked

through a part of low reluctance. A changing current in one

winding induces a changing in magnetic field in the care which:¡
·'

links the same or another winding and induces a changing in

electromotive force (EMF) in that winding .

'

t

.

If one coil is connected to a Jourceof alternating voltage, an

alternating flux is set up in the laminated care, most of which is

linked with the· other coil in which it produces mutually induced

EMF. If the second circuit is closed a current flows in is

·

.

çansected. Th; first coil is called the secondary winding. This is

i,?,;
xin fig/213.0 below.

. i,? ,,.,
.

-?!i,
'.;

• : ,;.,,;\. ,i,, •;< i' ! ..
·

•

. i ,'' ,•.

;¼,_'. f; ,I ',;,,fr;



2.3.1 USES OF TRANSFORMER

To step - down or step - input a.e voltage to lower or

higher voltages respectively.

2. To isolate the electronic ·device from the power line for ..

f ,(

1.

3.

safety

As a matching device

4. Transferring of power from one stage to another, this is

termed transformer coupling

l:,
. ;.. requirements simultaneously from one source through the

·

; use of more than one secondary

,

; , ,. 'lllFICATl?NOF TRANSJORMER
··%

: ·., :re c:lassified accordi11g to lheír Ph}l'àl?f-??,>
'.

.
,

.

?-'-'. •
'

• .... '' ..
,-_'.

;

•.::·::;-;: -:.,.-•":
• ' :;, ' .I

5. To supply two or more load with different voltage
,,



?,;?I?g_o?rrent in one Wihding¡;;????t???-
,

, magnetic field in the CQre which links the same oranotihe't'•:
Winding and induces a changing e.m.f in that winding

\ii.
, __a. -Auto transformers: this is a single wound " ?

,-

transformer with intermediate tapping as shown in
-:'iiiiii

fig 2.3.2 below

b. Double - wound transformer: as the name suggest,

it has two windings, the primary and the secondary

windings. It has electrical isolation between its t d

windings
(' ----o

]'

J¡__ ?o--
(j)

t=r.J: J.., 'l•:1
t

jll
1

'. I



=BMA

F = frequency of AC input

V ;II---

Flux increases from its zero value to maximum value Qm in one

quarter of a cycle i.e. ¼f second.

:-.·

1 :. emf induced in the whole primary = (induced emf/turn) x

number of primary turns

E1 = 4.44f N1 Qrn = 4.44f N1 BmA (1)

, •

1
e of the induced emf in the secondary is;

.,._,_ $rm1larly, the va u

?-\
...

.

,.

- 4 44f N BmA · .... · · · · .... · · · · · · · · · · · · · · ·· (;:!)

1!l('t4t44f N:i Qm -
·

2

'

... f?m equá-tion(1) and (2) that
.. , '

. :;¡··
;¡-_.:: ... ·'.;f'?:,.t:•!',ci?t':';é?-:irt·??./i'.<"li?:,i\;,i?_':,

.. ,
- '- .:.': ..

'·'·

.

. ... •,i.

E
"

r



. - .. -

From equation (1) and (2) got

£.i =th= K
E1 N1

F
I?

K = Constant known as voltage transformer ratio t-

?· 2.3.4 TRANSFORMERRATING

Transformer ratings are usually expressed in VA (Volt -
1 .t

amperes), rather than watts. T?is is because copper loss of a
I

transformer depends on current and iron loss an voltage.

Hence total transfer loss depends on (VA) and not on phase

angle between voltage and current.

F t former the multiple of KVA and MVA are used.
or power rans

·

ating in VA= V2 1z (FL) where b (FL) is the
Hênce, transformerr

,·

\., Qaâ secondary current.

··¡,;
•?.:

-? .

'. .
.

-
.

.

!

??. -

•
¡

? .? ?,. \

•
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c.c:fir-·-
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11 Ill JjJl:JliÍffi:F
. - · 1

1 r?lr:f7·.,--••.
--·•--- .,"_.,, ·ir .r?t:?=--= ?

1/¡1\•_ittlç¡¡unt of p
. -

- - ::
'· ??6"""

. R'!
ow_er that can h ' ,,· ·\;',li.'.mA,.l

--?.*.?·····•_·•_
...

_'·d:_
_

•

e .. drawn frorrr tã''•??m -

c.,. :v:vslu mg IS alwa
I

-- ·-,,- ...???"'rlJ

?+·
- ys ess tha th

-

.. ,-..?,t,?- -

-
:

-

n e power su
.

-
-

-

. -
,

.

';,t·,;,;U., - -

_;. -: windings th·
-

pplied to the pritn?ty' •'\"'?-
·,,-

is is because
-

-

":,1,.,

i?:
. energy is

I t -
.

·. "f;:t

if
os as heat 1n wmding and

. ,. °'re. The losses expe
.

-, nene d·· e in transformer include:
1. Copper loss: this is as ª result of the resistance of the

wire used in transfo - -
-rmer windings. It 1s sometimes called

12R losses

2. Hysterics loss: this is as a result of a magnetic particles

changing polarity in step with the induced voltages ...

t .(

Sometimes called molecular frictions
..

3. Eddy - current - losses: this is as a result of small •

circulating electric current induced in the care materials.

The current depends on the maximum value of magnetic

flux and rate of change of flux in the care.

6 TRANSFORMEREFFICIENCY/
. . f t nsforrner for a particular load is given by:

•. be eff1c1ency o a ra

-:

·ency = outp?tpower/input power

·--,

-
.. ,_-·. -==. •. - ut power/Input

power
---

wet .
-_

.. , .· .·, ;,';),',°>
-

·,•,.<,':',;, ?•-Ii':):, :~"
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f:ese are two terminal sen,¡ -
conductor devices that máke the

.

: ,

; rectifying circuit possible. The device offer low resistance to
current flow from anode to cathode but infinitely high resistance
to current flow in the reverse direction. Diodes are used in

power rectification, inversion, voltage regulation stabilizing and

components protection.

2.4.1 LIGHT EMITTING DIODES (LED)
i .(

Light emitting diodes are employed for the purpose to indicate
.,.

,·that the circuits is on or off.

I trans cross the junction and fall
In the forward biased, free e ec

.

b. these electrons radiate
th y recorn ine,

into holes. When e
·

.

. LED the energy radiates as
heat But in an

energy goes off as .

·-?i ht
. enic and phosphOrus, a

.

ch as gallium ars .

.

·

using elernepts su

and infrared (invisible)
elloW, orange

.

··•·

red, green, y
.

·t·. n are used in instl'Uflfflnt
.;"?

.,
,

. .

.
. 'ble radia 10

.
,

., ·,
, •.e -

·; -? .íok...+-
.. ,,,_roctuoe v1s1

. . - ,.?
:;ff!.H<:;l?1"

••

-.¡-?·.

'.•.'.?:-?. :·f??-?:,.:.·
--

•.,_t·:?
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....,..,,;-,?

- -,?r?;?:?i???*?-?:l?i?.?·?? J¡- -

¡¡i#/';tii>lílJTmgmVisibl · ·

.. .
,

'·' •· hlt/EJ + 1
• -

?- ·
- e rad1atio.

··' ,·??-? t!A-:
.)'.?

_

·. n. ·

··¡??, ·i•}??};??-

.ktlítle advantages of an LE

.·
'º<?? t? ;tL

ir""_..
D over, a

·

·

?-'-"'¡",{lC-

tC life (more, than 20 /
n incandescent lamp are long

·, -:? ''?ft·

-· years) I

¡-1:!·

, ow voltage (1

i ·

switching (na

- 2V) and fast on - off

:?
no seconds).

The symbol is às in the f' igure below

Iº_·_•
r>

??
.

=,11..

·

/,/f
______ ¡----_____ I

L-----1--?--
.

- .
LEI>

hy i. J.,t.¡

2.5.0 RESISTOR

Cqfhocl<1-

s?¡fl'1looL

f .(

The flow of charge through any materials encounters an

opposing force. This opposition due to collision between

electrons and other atoms in materials, which convert electrical

energy into heat is called the ohm (D). Hence, resistor can

simply be understood as a component with a known

predetermined resistance, which lias wide applications in

,.. .

It
. haracterized by its resistance R ::: V/!. There

-"'?ronics. 1s e .

··
.

t fixed value resistor (colour band) and

·_ 0 types of res1s ors
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.

J$tor.
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f"ig 2.5 (i) symb 1

.o of fixed
.

value resistor

Fig 2.5 (ii) symbol of
.

variable value resistor

_i6.0 ELECTROMECHAN
•

,&:

ICAL RELAYS

A relay is a controlling d
.

/

ev1ce where by th
.

b

. e electrical signal can

e used to isolate o ne or more electrical system. Relays are

grouped as follows:

¡

r

i. Control relays

ii. Power relays

For this project research work, a control reláy was used. These

are used to control the automatic change over switch from

:generator to power source and vice-versa. Control relays fluid

j

'

f)mber of application in auto-mechanical
circuits, whereby a

I·
r;·-·

•.

'1í f)Jectríc signal sets off a chain of reaction of successive

":,•

_,
.ed· _- n'ous functíons.
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1[: .. ?ain circuit of the pr
.

.
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'
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,r?r,\\;:::'..?::._"-· OJect 1s rnad .

..

· ,,-r;t;'5-1,l
' e Up of two stages. Thl:t?'J<i: >

'

-

if,tiwering stage from the sour t

·

.•· ·?,'(:ff1?1;_
.·

ce O a transformer (step -
down)

·.'
·

,t. 12 ? O - 12v to bridge re n ·
.

.
.

.Ir.
e

I Ying circuit, to filtering and voltage
regulating. The output of the power is delivered to the next

stage which comprises of three control relays.

MODE OF OPERATIONOF THE PROJECT

The complete circuit diagram of the automatic change over

switch is shown in fig. 3.1.0 (a) the power supply is protected by'
.r

a fuse, which is fed from 220v a.c. supply and step down to 24v

by a 12v centre tapped transformer.

r

.

t t) f the transformer gives 24v. This
The secondary side (ou pu 0

.

brid e rectifier, which consists of

24v is the rectified by using g

d ·n bridge form. Hence, the

diodes normally connect/e.
I

.

·1 is used to filter the d.e
l'j. .

C in th? c1rcu1

?:[TlOOthing capacitor 1

t perfect direct current,:
·e:. •·

.
. so that almos

¡,.. .
•

t the circuit, ,.:·
11lJ11t flow in °

.
. 0¡,...,.-,;;i·.'":-.·,
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Fig. 3.1 (b) complete block diagram of an automatic change

over switch

:
DESIGN CALCULATION

:?hoice of transformer, for t11is project work a 220v/2Vmax step

l;¡own transformer is choosing based on its maximum current,

voltage drop across rectifying diode and transformer

111¡ Into consideration.
??-

_¡'•?·,
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I?et:tñ square
Vóltage

,· ·-
'

..

teot current voltage
·-

·.

-)!}?1=maximum voltage
·

•
·

.,

11;

1?,fürnequation (3)
I

¡:?rms?2 (v) = Vmax

?nd from equation (2)

i

?
-,

?- • • •

• •

• • •

• • •

. .
• ••

-?írtut Vdc = 12v (from the transformer used)

J

?
H

' ,,, f
i. ',:-·;??=-

T F./:2 = Vmax
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,._·._uatíon (1)
··· ,,,

stormer rating ::: Vrms x 12

.66 x 2 I :,
)'

53.32VA

:'
Therefore 50.0MA x 24V transformer was used.

•'

f
10 RECTIFYING DIODES
(

í The bridge rectifier use (4) diodes with peak voltage (P.I.J)
·'

twice the output peak voltage of the transformer. Peak inverse.

;. voltage (P.1.V) 2 x Vmax
;

,·P.I.V = 2 x 18.86
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1tlheequation
/:

f¾VfCI

In¡ 2200cpf is the nearest available one, so it was used.

li
I_<:_

'

1 OA, 4000 is used and is used to. provide the

(¡1inmy switch over
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,i. :Ong With comp .

.

· · ·.
, o ents layout. th
ging are also

discussed.

of the project was realized by following the

fiiiOn
block as earlier shown in chapter three one by one. First

1hdifferent blocks were mounted on the bread board so ·that
,.
1JJustment, changes and measurement were effected easily.
f iJ

J,ese components from the power supply filter together, using

Hire connectors. A permanentconstruction was then made by

·:·.

nt on vero - board.
)ldering the different compone

.- ·,,t .

-? ? :;•
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'¡IMPONENT LAYOUT
t their

I . f the componen ,

; .

.

cal allocat1ons o

«.actual and physi
.

fi 4_5 below and

·11ustrated
in g.

. were 1

. and connections
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ltit_rter three (3)-

eries of ?/??\ .
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· ? iYs-tern test

['
ltllVIDUAL COMPONENT TEST

?-

. ·.

'
..

.t? ....

\
\

circuit was d one on vero -
board, short

open circuit m Ifu imeter. The wiring was found

Ufore making use of the component, they were subjec;ted to¡ ,(

f
W'ious test to confirm their well being.

..

Relay: The short and open circuit test were applied to

know the stable of their coil winding. Terminals

Were carried out to know the No

identification test

N ally closed) position.

(normally open) ªnd Ne (
arm

.

.

b. ted to test ascertain
.

d were su iec

r1The diode: the dio es
.

.

_; . d characteristics
··:.t ,

.
ersed biase

?kilr forward and rev
r undergo positive

to
.

..,
. -

,·
. h transforme .

.
. .

.

- .,.?· ,

?

11•
transformer.

t e
. d positive

to ,,,:?-
-

:< ,..,¡nal test an ····"'!'?
-., t·,ve ter .. ,
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RÊQUIREMENTS

mer

_,itor

s

f!itmic capacitor
I·

¡1;?µlator
·:1,istor

DESCRIPTION

12-0-12? "

2200<pF, 35v

IN 4001

100n (104)

7812

3300

RED

i2v, Spins

Heat sink

Small size

QUANTITY

4

2

l_

3

Conductors

Radip
code

sw1.r

9yrds

J
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jdget was tested b f ·

y ixmg a generator at its one input

'. terminals) and power source t th
.

i,

a e other input (red

·1nls) specified by it, blue terminals are connected to the

?fator power switch while the green terminals are connect

'

¡ J

ii consumers, 'Nl1ere a single bulb was used. All connection
I

.

(respect to the . 1ecified colours of terminals assigned were
,·

'? successfully and excellent.
i.

1 ••••

11uss10N
¡.. because the gadget simply

·líult obtained was marvelous
y

. .- ry 1ow cost.

ll,,n human labour at ve
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:::f"':?:
I ddÍiLT1./º·

-?? gadget was tested by fixing a generator at its one input¡ ... ?:'

rfr?hite terminals) and power source at the other input (red
terminals) specified by it, blue terminals are connected to the
generator power switch while the green terminals are connect

1
.. (

to the consumers, where a single bulb was used. All connection
with respect to the ·c.pecified colours of terminals assigned were
found successful/y and excellent.

iii DISCUSS/ON
l--
''t-t,e result obtained was marvelous because the gadget simply1.,.

tlitJates human labour at very low cost.·,
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.en
carefully arrang_é(if/m.>

,

.

"Jt.;l the conception of ideas fr h

.. .
.

. . - ..
i•

.

. .
orn t e general knoWl!fflge

·

.;tf) the specific. The first ch
·

apter presents an overview of
} intended project and its n •t i ,,ecessi Y- The second chapter •:

<;;)¡¡cuses the individual components that make up the design
on engineering concepts adopted while in the third

.· chapter, the actual system design analyzed, and the fourth

chapter presents the construction procedures, the construction
r ,(

procedures as well as tests, results and packaging.

? Few problems were encountered in the course of this project

\worksuch as the fact that calculated component values are not

. Th approximated values are used
available. us

ti to the general adjustment of the
not exac Y

·:·.-"

·gdueto ·

d during solderm
•..damage

. .ponent were
. ·of problem IS

__ ,
. onents. This tyr:,e /'

in handllng comp
-

. -:;.•,ii,,)/'
·.

·

t lriafs. -· ' ,, .. ., ..
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· ""'In objective of the
Pffiiect, the ioitia¡ - i,t!', ',.

,

·'l,ct was to use locany available
rnateriaJJcomponen1s to

,
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1
n a ·cheap, affordable, reliable

, maintainable and '
- [?onalautomatic change over and also to give me the truei'.

.

d basic skill in solving engineering problems.
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coming involved in ,flt.•• ..•.
·,·.

).

?_ifü't:bUity
of parts such as a relay on that note the following

(
.

:1,¡(..Hmmendationswere made.
.

¡,

l."
·

,

.

1
.

.

¡' in any engineering work an early exposure to the
, ,

¡,,

'.
''.:,.:,,.<¡¡¡

.
:' ·=

laboratory practice and technicalities is necessary for

electrical system installation and testing.

The circuit should be improved, so that microprocessor5¡ .(

(programmed IC's) will be use for faster and
low_ power

consumption.
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