DESIGN AND CONSTRUCTION OF A
MICROCONTROLLER BASED
VOLTAGE CONTROLLED
OSCILLATOR

BY

NUHU BELLO KONTAGORA
2004/18842EE

A THESIS SUBMITTED TO ELECTRICAL AND COMPUTER
ENGINEERING DEPARTMENT, FEDERAL UNIVERSITY OF
TECHNOLOGY MINNA, NIGER STATE. IN PARTIAL
FULFILMENT OF THE REQUIREMENT FOR THE AWARD
OF BARCHELOR OF ENGINEERING {(B.ENG])

DECEMBER, 2009



HCATION

This project 1s dedicated wo my heloved famil vy, the Mohoro's family, for their

immense contribution and support through out my academic pursu

for being there.




¥ Muhy

for the

amward of 5 de
M,

Muhu Beallo K

Belio Boniagora, dec

Declaration

ri that ihis §

work was done by me and has neve
also hereby relinguish the ¢ iz

Vi

v bovs prosente

bt 1

¢ elsevhere
HHVETSTY

oF

oy

ahnoiogy.

. N '
N o 5

i student

e
R

. 3
:
DrY. A Aded

L

iran

. e
Neame of H

RONY

v,

TSR I SN
IRV R e

Mr, 1 A, ajiboye

L
Nagrie of Sup

SEVISGE

CEEFRI QNGRIReT

o arid glore




ABSTRACT

h
SIseH u ot 1w il

eration and control, it COTHPTISES

napnely, the power o i

wrgts are boked together to fanction A%

"Yw

wiicies of PROKHY, and

‘»i PN

be selected asing a b

o ihat i

W
v















CHAPTER ONE

GENERAL INTRODUCTION

11 MEANING OF OSCILLATOR,

Gsclifator is an electronic device with positive feedbach, In othar words 1t s 4 non
rutating device that gensrates an alternating signal at » desired fragency when

engigised with & divect current {DC) power, 11

estiltator or any signal gensrator of some sory; this makes signal generation

impoiant phenomena in electronics ouble shooting and gevelnpmeant.

More 50, in any instrument hat procssses innut 1o produc

(32918

S

output o any

eguipment that performs periodic functinn, oscillators are NECESSRTY.

1.2THE NEED FOR MICROCONTROLLER BASED VOLTAGE CONTROLLED

S5CHIATOR,

The preference of psciliators in communication system is ubinuitous.
Basivally, the gosl of a communication link < 1o exchangs information belween Two
separate pobds. This exchange of information 5 mosth

ge mostly done using some kind of

modulated carrier signal The modulating o

o s d HO
srisd owith

s 5 low power base band sig

~

distinet frequency which s provided by an osclliater, 177




After modulation, the carrier o Pt has sdegus

power for transmission. Soms syste

only & single carriar signal for the Inforrmation exchange.

Howevar, most systems use

within g certain

framuans

fcalled channel),

muitiple oscillation frequencies iave 1o be available in the transmilling and receiving

devices. Yo accomplish this without the need for multinie ooriiiate 5, g oschifator with

h

variabis frequency and high level of contrnl is needed; Gacillators of which the nscillation

frecuancy can be tuned by changing the voltage of a specific node of the o

& ' R

wontrelier 5 called a microcontrofer based vollege controlied

asciiator,

LAMETHODOLOGY,

A bottomeun approach was emploved in the realization of this pro Bt i oranges

4

from the understanding of basic electronic principles that govern the operation of af

elactronio troufts 1o the comgplete construction of the final circull,

\‘.-(

Ficrocontrolier based voltage controfled oecifaror is based the ability of 3

microcontrofer to source and sink current which can be umed 1o on 8 swite i1, that

the cireult through a variable resistor 1o the voitage comrolled oscifiator

which generates the output waveforms,

g




1.4 AIMS AND OBIECTIVES,
The alms and objectives of this project sre:
# Todesign o microcontrolier based voltage controlied oscillator,
# tocemstruct & micrononiroiler based voltage contrafled oscillator

P To construct a molnr’s drive speed controfler,
> FMand AM detection in radio enginesring,

& Aveliable VOO for PLL implementation,

1.5 SCOPE.

Although this project is primarily concerned with the relationship between o

microcontrolier and & voltage controlled oscillator, many of the principles, techninues

25, Tl

> discussert are of basic importance, and they find application in sateliite

transimission, dzta communization, telephone switch

digital computer operations

ard more,

1.6 LIMHTATIONS,

The microcontrofler based voltage contrnlled oscillabor

he control of the owims frequency of the VOO,

t freqgue

Tt " > v b
@ VD whic

Lol




Again 1t is restricted to four {4} different but fixed frequencies of 118KH;

3

¥

v

1.7 PROJECT OUTLINE,

Chaptzr one & the general introduction, it contains information on osciliators
the need for microcontrolier based voliage rontrolied oscifator, methodoiogy, aims and

shjectives, scope, imitations, and project outline

Chapler two is the ierature review, I containg theoretical background, other

signal sources, and micrg

Chapter three s the design and Implementation; i cortaing information on the
j E ;

aciple of operation.

design of all the units that made up the system and i

Chaprer four is the test and res

z general conclusion section, it comprises of the summan

Chapler flve is o

sion, reconunendation and references,

[




CHAPTER TWO

LITERATURE REVIEW

2.1 THEGRETICAL BACKGROUND

Voltage sontrofled nucil

s are wal known and widely used in the slectronic

inddustry today, Within the digital communication feld, Y00s are usad in variety of

»()-, s

appiication such as frequency synthesizers, signal generation le.g. sipral tranamissinn)

O ;

YOO are typically designed 1o nerform with

nd perform according (0 2 spec nderd. Typical conditions inglude for example,
periormance over operaling empsraturs ranges, sensithity o vibrations, owuipul

sersitivity to imterference and the Hke Typical performance standards include, st

= a’ i‘-."y’, {J,}t,«{h M

Pprogramrnabiiity e (5]

&

typical VOO eirouit generates an oscillating output signal having a spacitied

- e e ly e ey per by et grm PRRVRIYE SRR 8 44 . v Lo e g ath g 2 + .
frequency. The sgnal can have several different waveforms, (e, sguare, saw tooth,

rizngidar e Lol The frequency of the output is tuneable and is a function of an input

voitage, an external resistance and capaciiance or the Hke. The type of applications in

; 4 75 : v TS S Y Y rabing oo W imrie cxevet pimrE e e s
which the VOO oot s used dictsles s operating conditions and performance

FRORATe MEnts,

I addidon, the type of application alen bwrgedy determines type of fabricatior

tare the VIO, A large number of modern digital integrated




&

sied using well inown and widely used CMDS technolopy, whers the

VOO ciroult included in a TR0 [5)

There is a problem, however, when the app!

ot 10 ha

avi output with very low phase nodse, For inslancs,

wihere the 1 s part of 2 high sped sevs! wansmission system |

trangmisyion system) s important that the output frapus

stable and Bttars free angd be a consists

while the outpul frequency exiiib

it ertremely fow noige.

For example In the case where & YOO circait B used in an application for clock

il travmmlssion gystem, i is important that the oulpul

andd fitter freg, and the oulpul weaveform remains within

gt the outpd freguencies of 16H2 o more. The oulput frequency

i used to sample data on a serial ransmission fine, Very fitle

nese on the RAHUT

H M & o P a [T ar ey [EOETS
> tolerated. Distortion, defects, irregularities or variations in the VOO Cuiput

frequency or the waveform can have a very detrimental effect on the recorarructed

cinch

signal, and hence, could lead 1o
T r :

ing ervors, lost data, decreased throughput,

or giher such probiems,

Conseqguently, for these very high performance appiication, it is imporiant that

the VOO circult provides a very stable, Misr free cutpul sigral 2t the sped

frequency, and that the outpul, frequensy exhibit as it

85 possie
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unchion &t such high freguencies. it cannot

“A\

retiably generate cutput signe ha ving an acoeptable wav

2. free of phase noise)

andd having acceptable stabil iy,

Thus, what s reguired s a irooit which produces a stable itter free oulpul signai with g
wavelform free of defects and irreguiarities, This project provides en advantageous

A

sobution 1o the above requirement,

2.2 OTHER SIGNAL SOURCES

Today i elecronics, we have numerous signal sources, some of which =

S LRAR SN

discussed balow,;
£.2.3 Harmonic osciliators

Tha harmonic escillaton generate a snusoidal waveform. They consist of an ampiifier

that provides adeguate gain and a resonznt cirouit that feeds back signal to the input,

:.)

Oscifiation occurs 8t the resonant frequency, where a positive zain arises around the

et

b, [6]

Some exampies of harmonic oaclifators are orvstasl osoiliator and LO- tank oscilfators

2.2.2 Belawation oscillators

The relaxation osciliators can generate 4 saw oth or trhanguler wave form, They

are commuondy used o ated crouits, They can provide 3 wide rangs of




0
i
.»).'
&

Axation

aperational freguencies with g mindmal number of exiernal components. He

oocitintor WODs can have thras 1og

Grounded-capanior V0

The first two of these types operale smilarly. The amount of time in 2ach state

depsrds on the time for 2 current 1o charge or discharge & capsoiior. 7

somehow differently, howsver, for this

The cutpul frequency is then a function of the delay in each of

following athvantages over relasation oscillators;

0rs have the

o

. Freguency stability with respact o temperature noise and power supply i much

bLetter For harmonic osoiliators

They have gond acouracy for Preguency control since the frequency is controfied

[

by 2 crystal o ank oiroult

feiaxation oscillators are however tuneable over & wider range of frequengiad,

2.2.3 Sweep gensrators

cirouils proviice lnear voit

~atled towe-based

. e Tauie . - Dide pvrye b
RO 8% Y sratars withy Of nstant




pitute gt signal. They ars witely used in applcations such as cathode 1ay

iy, dightal veltmeters and televisions,

2.2.4. Pubse genprators

Pubse generators produces @ train of pulses whose width repetition

Lot

~

03
o~
i

v wavetorro may all be sdiustable.

Thay alsn generate pulbse pairs with suitable spacing and repetition rates or even coded

[P A4

i

puise train. Most modern pulse generators are provided with lngic level sy tuts for sac

connection 1o digtal circultry, They are used for timing snd sampling.
2.2.5 Phase locked foop {PLL)

A phased locked loop 5 & dosed loop feedback system in which a genergled

signal establishes s synchronization of “lock” with an input signal (8] 1t rongists of phase

ass fiiter, an amplifier and 3 voltage controlled osciffator (VLD They

7

gre used i sigral detection srd processing apphicatic

2.3 MICROUONTROLLER BASED YDLTAGE CONTROLLED OSCHLATOR

Bis fn the most flexible signel source of all it is 2 vital element in many
apphications of electronios. it produces irangular snd square Wave OVer an encrmous

freqguency range with excellant control,

The microcomin

cation W




POWER SUPPLY

CHAPTER THREE

DISPLAY UMNIT

&

DESIGN AND IMPLEMENTATION

w*

CONTROL UNIT

1

!
!
s
H
H
H

RELAYS

> DSCILLATION UNIT

‘

1. Power supply uniy

o ppmiogein ] el e
EOR S IatER AR TIATHS

3. Display wnit

Block dizgram, comprises of the following units:




neorporated o funclion rogether in the realization of thi

project.

3 1DESIGN OF THE POWER SUPPLY UNIY

lectronic (R foor  thelr  operat the

microooniroiier based vollage

Moan b oredared

i)

B oot an exempt

Cwoitage of Bv and 12v which were provic

FRRT ORGUHT AL RAM OF

Froon the focal AC mains of 230, @

oo the v

was used 1o convert the 12V
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e IR

But 20000F is not in the market, 3o, s woilage 13

wi 25, which s reasonably more than

Ar LMTROS voltage regulator was us

bo provids a positive BY that powers the

rricrocontrofier, the displays and the relays. Stmilarly an LM7812 voltage regulalor was

used 1o provide 12V that powers the LMSHBEH voltage conmdrolied

VOO, and

was user to el the voltage values at the variable resistors

3.2 DESIGHN OF THE CONTROL URIY

The matn component of the contrel unit is the micrpcontrotier, where ATEES5L

e
1
<
W
{2
3
oot
{0
PR3
Ko
[ons

H Z ;A g L 2a JEPIPRX] <3 e g
ping, four {4 ports, (PO, B, P2, and P3) 115 raset

apacitor was connacted 1o Voo and a 33K resistor, this

capacitor and a resiston team up to provide the reset cirouiiry, f4}

i Y ity erk FIRALLT s b iy KD a3 E I 1
Alsp g crystal psciliator of 120HZ was used 81 pins 18 and 19, 1o del

Wis

PP
Pin A1

wl code memory where the codes

wvaiue of the controd

Ayt

wsich you maks

cordroliey

T wWas Lonnes
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.78 was adopted for this design,

The resistor doss not only sgrve 25 3

i oay g foad d

mes vhe 5Y) 50 that i does not breach the oir

So that each time the bution s pushed, wa are gens

oy aiternately within

the four distinet values specifiad s

3.3 DESIGN OF THE DISPLAY UNIT.

he main component of the display unit g the seven segment display, connmon anode

tvpe, fach has & pins of which one of the pins is ¢

H \.i{ "‘l";‘.‘h’.\ Qt§§ T

Are connecied

; 2 €13
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L i peepend




3.4 DESIGN OF THE O5HLLATION UNIT.

54

hos
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10O was chiosen 10 be the value of the resistor R, since it s

i 22007 was wied for the capacitor

i and C1 constitute the frequengy o

reqguiraments for oscillation
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3.5 PRINCIPLES OF OPERATION.

& rontrolied oucillay

shig, with the microconts

rol the cutput frequeny of

Fars) \
i

i based on the codes writien on i

The microcontroibsy

i the pin 8 of the voltage

#oof the fowr frequensy values, just make your ssiection vis an

vary selaction automatics

mrerrunt button provided, £

relgy, which In wup selecis the value of Vo on g

ot

S
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CHAPTER FOUR

CONSTRUCTION, TEST AND RESULTS

4.1 CONSTRULTHON,

The mroiect was constructed on @ Vere board, sccording o the clroult diagram
2 o o

and specification,

The materials used for the construction includes:

v Suldering iron.

v Multimeter,

v Rucker,

< hampers.

v Lead

v Yarn board,

The components used whose specifications are on the dromt disgram include
¥ Transformer,
v woltsge reguiators.

CEE

< wgicrocontrolien

b
Ni




¥ Yariable resistors,

« Bushing Button,

Beside this, a2 portable casing was used

4.2TEST,

The testing of the project was carrisd oul

The {0 :igiJ‘v”H“"’ SEELE WEVE

v

heet
iy

H : HE T e e e I o l~J
s The negative of the oscificscope was conmerted o the negal

¢ hasac VLD,

migroroniy

,-.

.
fgr]
[N
o
&

+
e
S

R
s
=
WY
-

3

3

=
by
ooy

-
-]

R

s The positive terminal of the oscillosoope was Conne

o

the microconirober based VIO

e The type of wave form generated was pliserved,




ety

The positive of the oscifoscope was changed 1o the second positive tarming

<

~

The microaonirg

time base of the oscilioscope was set at 10us per division

The rivision for a period of the generated nignal was read and racorded.

Oy pressing the interrupt button, the divisions are cortinuously read and are
< ’

rasorded,

4. 3RESULTS.

s setiings of the cacilfoscops, the time div

wasn at s/ /division,
e

2

Foyr the first signal generated, the division for a period of the wave was read i be

e
4

But the period {1} = base division » the division for 2 pey

i
L

e

e gy e Piies
f= 3.5 x 1G¥

’?‘:\) :)"VS

Bt
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yaiug generated.

s the ather three cuiputs the same prog
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sohure was carried 1 get the frequency

Value  of  controb | Number of divisions for | Frequency  expetied
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4.4 DISTUSSKION OF RESULTS

Ao shown in table 4.3, the frequenoy generals

i

ohiainabie according 1o the theoretcal caloul

i devoid of rregularities. And for this

ject the variation maey be as a result of
varfation in supply vollags or components under function, but never the less the

deviations are within acceptable range.




CHARTER FIVE

GENERAL CONCLUSHON

5.1 CONCLUSION,

Fehe projeot has b

frequencies con penarated. And the project as 2 whole can sgive for what it was

designed to, that s frequency generation with controt

13

5.2 SUMMARY.

In summary the project is el aboul frespmncy generation and control it
comprises of four units namely, the power supply unil, the Lono! unit, the dispiay unit,

and the osciavion unil,

- asad voilage

rEo funchion as the pHorooosnd

controfied osciliator,

The oroject generates four distingt frequencies of 11434, 1513 KH7, 1BBKHYZ, and
227HH7 1 any of these frequencies gre required, it can be selecied Using 4 mum that is

provided, # display is provided 1o help in the selection of the valus revpiired.




5.3 RECOMMENDATION,

boreconmmend that for future Inprovements on

¥

yoltage cortrolizd oscillator unit 2 g mivronetics be e whi

the time of construction of this project.

chat, the department should encourage sludents 10 50 o

ermbedded systern designs, as there i3 great need for them n the seciely 1o
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APPERDIN B

DEFINATION OF SOME AVEREBIATIONS USED
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