
DESI NAND C NSTRUCTI N F A 
feR C NTR LLER BASED 
V L TAGE NTR LLED 

OSCILLATOR 

B'{ 

NUHU BELLO KONTAGORA 
2004/18842EE 

A THESIS SUBMiTTED TO ELECTRJCAL AND COMPUTER 
ENGINEERING DEPARTMENT~ FEDERAL UNiVERS~TY OF 

TECHNOLOGY M~NNA~ NIGER STATE. ~N PARTiAL 
FULFILMENT OF THE REQUiREMENT FOR THE AWARD 

OF BARCHElOR OF ENGiNEERING (B.ENG) 

DECEMBER, 2009 



DEDIC TI N 

"' 
II 



DecIaration 

J Nnhu Benu Kont;;!gom, d~;;d9.lT that this W<.!rk 'NilS done by rm: ;;uid has l.wver been pr~,sented eLewh,;n;: 

fi::n tb: <nvard of a degree. aisr', herd:>y relinquish the topyrighL to the f6deral U:;iV~TSity oft<.:chnoi<.lgy. 
MinmL 

Nuhu Bello K, Mr. J, A. Ajiboye 

~~~:\~~"*" 
:::Sv,'!"Y',"i>''-' ol,A ,!nt,~' :: . 
".I'~c. • .. l~. ''''~ ;:. w,~·~.{ ... ...,~'''_ 

..... 

(\t 
\ i~:§ \ } r~ ..................................... \ 

"j "\.,/ i ' ..... 
DrY.A.Adedkan 

Y~\~')kl QJ~\S 
:' . ..... 

:::;(ijhall{ye (!.na~ <-iatf:.: 

ih 



wlxndy" the power ,c;upply unit, tht' control unit- the dispL,y u.niL, and lh~~ osciUnxion unit. 

provided.. 



TABU:: (}( CONl U\rr 

....... ",', .. :; 

.. ii: 

... : .... ! 

... ' . .... J::;: 

.. '", .... ,'. -......... ;.< 

... ) 

. .' ~ 

... /1 

........ " ... " .......... '.";.,'" ,', ............... , ..... . 



.' :;: .. ~ 

/ 

..... 1"/ 

. " .. ?O 

.,-, 
.". " ...... " ... ' ... ' .......... ;:"./.:. 

>:; 2. r(:·,:.~ ... ", ") 
. "~'. '., .. . .. . . ......... ,. '. .:-



, .... )(i 

... / 

.:: 
':.:-; 

. ." ~'- ':.~ 
. _ ..................... _ ..... . 

-.:: ::~ 

.... -~ .... 

....... Li 



:1, 

· .. 1; 

... , 
. ~ '-'. 

~. ,:: 



CHAPTER ONE 

GENERAL iNTRODUCTION 

11 MEANING OF OSCILLATOR. 

Osciliatur i::; an electronic device with positive feedback. In other \Notds it :S (1 nw, 

osciiiatGr or any signal generator of some sort; this m::=;Kes signal generat;on 

More so/ in any insrrunv;;nt th,:;t processes input to produce output 0, any 

equipment that performs pE<odic runcticH'J/ osdbton; are necessary. 

l.2THE NEED FOR MKROCONTROLLER BASED VOLTAGE CONTROLLED 

OSCKLATOR, 

rhi:~ preference of osci!btrm; in communic<ltion system is ubiquitous. 

separatE: points This exchcmge of info~Tnation is most!V done u;;ing sonw kind of 



Afte,' rnodtd2tion, thi.~ ca,ri(;."· sign2i is further arnpHfied until it has ;;deo,uate 

power for transn"lission. SOrJli2 s,!stems e.g thi.:: giooal positioning systems (GPSL ;}~es 

on!,! a single carril;;r signd [Dr the lrrfor;Ylaton exchange. 

multiple osciHation frequencies have tG be a\!ai1abk~ ln the transfl,itting and receiving 

cil;:,viu.'s. To accomplish this \Nithout th0. need for rmdtiple o",cHiatofs; dn {)ScHl2tor v/th 

\/(lriable h::quency Clnd high level of control is net=:r10d; OsdL3tors d which the osdbtiun 

1.3METHOOOLOGY, 

!\ bottum·up approaci-, 'Nas ernp!oyed in th: n·~aH?ation of this project; it ranges 

from the ~mcke:;ti:lnding of basic efectronic principles that govern the operatkm Gf an 

C'iectronic cin::uits to the comph::te constructon of the final circuit 

rvkrocontroder based voltag<2 contro!li::d (N:Hbto, is based on the ability Dr a 

microcontrol!er to source 2nd sink current which c"m h: used to on a .~:wit<f!, that 

cornpietes the circuit through a variable resistor to the voltage contmfled oscdiJtor 

,''Jhich generates the output wavdo,rns. 



1,4 A!MS AND OBJECTIVES, 

'H12 aims and obj;;.:ctives of this project 8,'2: 

:> To construct (l rn;Gorontn.:der based voltCige contn::d!2d osuHilto:. 

;, A reiiable veo for PLL implementation. 

l,SSCOPL 

rnkrocontroHer and a voltage controlled Gsdibto1'; mrmy of the prindples, tf.:chniqut:'" 

1.6 LIMITATIONS, 

The n1iuocontm!!er bi3Si:::;::i vo!tag<:: contmHed oscillator of this prnject is 

effect of fn:quency pushing {change in output fr.:::quency due to :.fariatiun in suppiV 

to output load variations, 

" 
;, 



Again it is restt!(tc,d to four (·4) ddferent but fixed frequencies of 114KHZ, 

151KHZ; 189KHZ and 227KHZ-

1.7 PROJECT OUTUNE, 

Chapti;;r one b the genua! introduction, it cGntains informaUon on o::,cWator5, 

Chapter three i5 the d€'$ign and irnpternentation; it {;unt<'lins inform2tion on the 

ck:sign of ali trw unit:=, that made up the system and its Wind pIe of operation. 

Chaprer four 1.5 the test 3rH"i result section. 



CHAPTER TWO 

L!TERATURE REViEW 

2.1 THEORETICAL BACKGROUND 

industry tocbv, VVithin the digital cornrnuniCJtkm h+i, veos ,3(? used in variety of 

appHc:ation such as frequency synthe~;izers, signa! generation (e .g. signai tJansrnission) 

€ . .t.C. 

veos are t'vpicaHy designed to perform within a given set Gf bouncbtv coneiiton 

and perforrn according to a specified ::,tandJrd. Typicai cGnditbns include hi' e;<ampk:; 

Sensitivity to interference and the Hke. Typica! perfCifj)lanCe standards inciude; uutput 

:::ignai frequency stabmty, output sign,;;! progfi:lfT':mabiiitv e.t.c:. [5} 

/\ tvpicd \/CO circuit generates an oscdlating output signal having a specified 

triangular e.t,c). The frequency of the output is tuneable and is d function of an input 

\Nhkh the veo circuit is u,;i::d dictates its operating conditione; and performance 

r{;;quirements, 

technology used to m;;muhctunc the veo. A. la(g<:3 nu{nb~;r of rnodern d;gita! integrated 



drcuit.::; are bbricated ldng we!! known and vviddy used CMOS techno!Ggy, v;;here: the 

\leo circuit induded in a (MOS It, [S} 

r<::qu;r2S ti'12 veo circuit tG hav!;; an output with very low phase noise. For i{1~;tance, 

'<vhi;'~r0 the lC is part of i:l high sped seriai transn:lSSlon system {e.g high St:r:d wireless 

transmission :='V:>ren:.). It is import.ant that the output fteque:nci of the veo circuit be 

stable and jdJers free, and be a consistent funcrion of the: controi ;nput {.eg. voit;;;ge, 

r:or f:xafYlp!e in the C;;'!Sf v"here a \/CO cin.:uit j>; used in an apph::atinn fur dock 

sw:cified lirnits, ew;n at the output frequencips Df lGN:: Of :'1101'(:. The output 'frequency 

or other such problems. 

Consequentiy, for these \Iffy high perfotmance appilc;;-!bon, it is important that 

the veo circuit provides a very stab!i;'~; jitter ff,:;,;:: output sign,) at the spedied 

6 



H(»f;ever, 0./)05 \/CO~ cannot n.=:iiab!y functon :::;t such high fn.';qu~:ncies. it cannul" 

and h"ving aC<.:f.'ptab!e stability. 

Thu5, 'Nhat ,s required is a circuit which pmduces a stable jitt,,?, free output $ign~d '.Nith i:l 

~oiutbn to the above requiren1enL 

2,2 OTHER S~GNAl SOURCES 

2.2.1 Harmonic oscillators 

that provides adequ:::;te gain .3nd Cl rbo,wnt circu,t that feeds back signal to the input. 

05ciHation occurs (it the n'2sonant fr!:"[p"''2ncy, '"vherp i:l positive gain 3d$2S around the 

2.2,2 Relaxation oscillators 

., 
I 



Crour.ded-capadtnf veos 

Thf first tV)O of these ::ypes operate sirnii<'lrlv, The anwunt of timf in each state 

based ring veo OPHi,tf;S somehovJ differently, however, for this type, the g;:!in 

:-L:;T00nic 0Sciili:lt.ors h8ve the fGllov,;ing "dvantages Gver relax.<'ltion o:;(J!atms; 

fn~quency stability witi'l respect to tempe:atun-: no!;;!.'; and pov,;er supply is tnuch 

better fo:' hcmnnnic oscil!ators_ 

- !' , 't DV a crysta~ or ranK CH·Cv.~·, 

s 



2,2.4. Puhe generators 

puise trait" fv10st modern pulse gHler<'ltors ;;'ife prov;ded with logic le'it:! (jutput':; for each 

connection to dig~ti:l! circuitnj, They (ire used for timing and sampling. 

2,25 Phase locked loop (PLLj 

A phased locked ioop is a closed loop f::.',::.'db~;ck ::,vstern in which a generated 

signal establishes d synchroniwtion Of ;;!ock'; with an input sign<lL (Sjlt consists of phase 

detecto:· .. J low pS::' fiiter, an arnpnnef and 2, voltage controlled oscHi;:;tor (\fCD). lb.'\-' 

23 MICROCONTROlLER BASED VOLTAGE CONTROLLED OSCILLATOR 

This is the rnost fie;<~b!<:' signa! SOUfU; of ail. it is a vital e!en"lent in rnany 

frequency ranw: with e:..;ceHent control. 

The microcontroliH bi:ls~"d \/(0 in thi'; project would find a gn:;:;:t app!icat:on \n 
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CHAPTER THREE 

DES~GN AND IMPLEMENTATION 

.. -........... ~ .. ~-~~~-~--.---.-..................•... . .- ................... _----_ ............. _- ... . 

POWER SUPPLY i---....... , i DISPLAY UNIT i 
:. ................ --~~ ___ ... _ ...................... l r··~-.... ~i. __ ~ ............................... __ . __ .j 

~ t 

L-{~;;~!~~L UNlrj 

L--······· .. · .. ·~················R·E~LAY·~S-· ~l 
~ 1 ~ I ................... .. .......... ) 

I 
I . 

L i······----~ ...... ·:i ................................... ~ 
"~r OSCILLATION UNIT ! 

t ...... ,. .. ~ ____ ... _ ............ _ .. __ .................................. ~ 

b!oc:k diagran:, cornprises Gf the roOov,:ing un!t:::: 

1. Pmver supply unit 

2.. Ccmtroi unit 

3. Dispiav !)l:it 

10 



4 OsciHat.iorJ unit 

3,lDESIGN OF THE POWER SUPPLY UNIT 

~vlost dpctwnic circuits requires DC VO:tJg0 for their GperaIJon, the 

... -..................... ----------~-------.- ........ ~ 

V1 ...... ~~........ ¥f!"':!'. J ')f/ .. 

.?) ;~~:~r~~l ! r.·.·.· .. ·.· ....... i .. ~! 4 ; ;<{' ·:·~4B42 
L .. :r.WJ:U:'ORfE_XfORMER :L~~~.: 

i Ci 
::~:: 22r;,ji' 

....... -...... ---.----~~-.- ....... -.-- ..... -- ..•...... 

l. Hi 

;i: 1f.:n 

t,,}LED1 

L:2 
LM'n3~::/Gr 

S ............ ..... ;.;;:.; ....... ;;;.;: .. ; .... . 

hom th0 IO(;;;1i AC mains d 230V, a step down translo:-mer 'wlth t.h~: l"3ting 

J.30!12V, 500r1"':!\ V.!d:; u:;ed to step dov·/n the voit3ge t.o 12\/ /AC Then a fun wave dbae 

E;"c. ;;: ImJ.antan€(lu'> or peak value 
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VVhere E::· fOOt rnean square vah..:e 

Then::;tore, En, ;;;; L2.,;'2 

Ed = 1.0.301/ 

value of the cap,;:citor W(l'C prompted bv the cakdatlon: 

1, 

~:: x .So 

But a sH~con diode takes 0,7V 



(3.5) 

'The capa:.:itor is a function of clunge in volt3ge (dv), 0$ In the re!8hmship 

(3.G} 

Q~' It. {J.7} 

It 
{3.9) 

c .. ;;;; O~G1. }( .~ ..... . 



tf'o nSf()~':-rle r ~ 

u::,ed to prov;de 12\/ that 00W2:'$ the LM5&6H voltage controlled osdlator (Veo), and 

32 DESIGN OF THE CONTROL UNIT 

The r:lain cc;rnponent of the control unit is trw rnlcnJcontroiier, where (\T89SS1 

an t;trne! product v.."as USi3cL it has 40 pins, four (/;) pnrt5, (PO, PI, Pl., and P3i, It:.; rr.::.;€t 

\-vrirten to it are: stored. 

14 



'---~--------------~--~~-~----~-------1------~--~-------------------------------------<------------------------------------------------------------ +~-,I 

2 

<---------------------------------, :', 

21 :-------------------------------; 

AT89S5'! 

The button is connected tG the ground vi,,) 8 4.7KO resistor, the value of thiS feshtc'r was 

chosen according to the caku!~~rkn: 

yy 

s· 
.l:'~ ::-:: ......... 

i 

But \/:;:SV 



c()n~;;}me~; the 5V, so that it dOes not breach th~; circuit. 

So that each time the butten ;5 pushed, we are gC';v:;-<3ting frequency aiternately within 

3,3 DESIGN OF THE mSPLAY UNIT, 

P··.re connected 

r ••••••••••••••••••••••••••••••• _. __ • ___ • __ •• ~_ •• _ •••• • ···.···.··.·.··········1·················--------------1----

01 02 i Q3 
:Z::-'~2$~X1A: 'ZN~~:H:(/'A 

r~~~:;-,.i·~~~······ [ .............. :-.. ;.?-.------

i : 
i 

f'"lCFC;~:;;~2;~z>.o:~t:,~it.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.~:.:.:.:.:.t.~~~:~~~~~:.:.~:: .. ~~ .... ~ .. ~ .. ~ .... ~ ....... :;.~ ...... ~~ ............ ~~ .............. , ........... . 
) ..... ~ : : 

rr::::::i1 

.. 
. ~:~'.-<- I, ( 

i ' 

-:.:>-.. ::;.--.--- .... ----- .. --------.--- : :---------------- .......... ~--.;.-------.---.---~. 
~.-:."".~-...... -..... -- ..... -- .. -. ----- .. --------------------.-----.---.... ---~.~ .. 

IS 



3.4 DESmN OFTHE OSCILLATION UNH, 

tA,4566H voltage controlled oscillator, is t.he main componl'mt of this tmit, the pin 

8., • Vcc 

l~Jl566H 
G 

TRlANCULAF: 'NAVE OUTPUT '" (~()N·f·F()L. \/C}i.Tl~ .. C;E (\/(;) 

frequency is set. bV an exte(0a! resisto:' and a capacitor, and can vary by viJrying thf 

control 'Vo!t2ge appHHi to its pinS fff!, it has a free running frequency given by: 

1. ;" ;::( ,., ; c 
I:'<) :::: -- ;x: ........ ,...,.~,...~,. ........... , 

J(lt~1 ~:··:-·,:·~c 

\Nith the ronowing restrictions: 
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-----------------------------------~---

[: 

Uv15G6H 

7 

• 

RJ (ina Ct constitute the freqw::ncy detnrnining network, 

requirements to: oseJbtion 

aCG.Hdanc0. with the c(ikuiations: 

/> .. ':: thE- control, voltag~:: (VeL change's the V~HUf: c.: 1· the output frequency ::dso 

'.,IJhf.:n \!c:z9\/, 

2 U2·~9~ 

.f:) := ·:;~{)·i;;(}.~:·;·~::::~··~~~)~fu~Ti· ";( '1 :~ 

Ff)::::l.14KHL 
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\Vr:e0 \!c::1DV, 

1: ····Hl 

\Nhen Vc::e:lO.5V, 

., 
M 1.2 ~ 10.5 

/~~ (; ~ 1~~~~(;·~~:·~~;···;< :":. ~~: 0 € ':~f~ x ---------~~ 

T/\BLE3.1 THEORlTIC:\l. FREQUH")CY OUTPUTS EXPECTED .. ,.~ ........ -----.- .. -------~~ ... ,. ....... ----.-- ..... -----~.~ ....... ---- ....... -... -.------~~"'''''.'''''''''--'---- .. -....... --------~"."" ...... ---- ........ ----~~ ....... ... . 

: VALUE OF THE CONTROL. VOLTAGE Pic), I FHEQ.UENCY GENEHATED 
: ! 
~--- ........ -----~"" ........ -.- ...... -----~-" ........ --- ...... -.-------~ ..• ---............ ~.-------- ........... -.----~ ... ,. ........... ------ ....... -----~~ ......... -.--.- ..... -------~.---.- .. ~ 
i 9\1 i 217KHZ 

~-" .................. ------.............. --.---............................ ----k,,----.................... · .. ----~·,,· .. · .. ···········----~-- .............. ----·~ 
! 95V ! 189KHZ ! 

\ l , .. 1·0\;-----.. ··· .. ·········------~---······ .. ······· .. ·-------................ T·i5·i~::·Hl- ...................... ----~ .. -·· .... ········--.. ·-~- ............ [ 

-'- -....... ------~~-~~~~ .... -........ ~~~-~.~~ ........... ---~~~~" 
j l(}S:V ................ --.. · .... ········· .... ·~---- ...... · ...................... ·: 11..1;<·;:;2' .. .. 
. I 1 
.......................... ~- ..................... ~-- ......................... ~-~!. .............................. --~ .. -................... --~--- ................... ~-- .... , 



35 PRiNClPLES OF OPERA nON, 

The mi(:r<)(:omr<)!ier soun::0S current and b8~;ed on the code::, vvrit.ten on it, 

deterrnlr;e$ thr: valUe of lJv;; control vo!tage (Vc) that goe; to the pin 5 of the voitage 

of the oscii!atof. 

The frequency value is dlspiayed on theJ-seven segment dhplays ca';c3ded 

20 





CHAPTER FOUR 

CONSTRUCTlON) TEST AND RESULTS 

Th~; project was con:;t.{uct~d on a Ve::o board, ijccording to tr"~2 circuit d;ag:,;:rn 

"" fv1ultin12tef, 

-/ Jurnpers, 

·.f \j{)~tage regulator:; . 

.. / K:::lays .. 

22 



./ 1 r !msi5tor~ . 

. / Capacitors. 

4.2T1:51, 

~ Tht; tvp<:; of v.;ave. forrn generatt-:d vvas observpd, 



l!' The po::;itive of t.he oscH!oscope Vias ch<'lng<:-:d to the second positive teminai of 

t.he microcontn':J!!er based V(O, 

r:3corded, 

43 RESULTS, 

For the first signa! gener<lted, the divUon for a period of th('; wave va,; fe<ld to be 

But the per ;00 en :c b<lSe divi~:;ion x the division for J period 

1 
(3.14} 

1. 
1'" ......,. .•.•... ----~ 

r~.5e ····f 
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vaiue generatE.'cL 



4.4 DISCUSSION OF RESULTS. 

26 



CHAPTER FiVE 

GENERAL CONCLUSION 

5,1 CONCLUSION, 

designed to, th::'!t b frequency generation with control 

5.2 SUMMARY, 

and th~; oscillation unit, 

contrnHed osciliatGr. 

227KHZ, If iiny of thes:::: fwquenc;es Jre n?quired, it can be selected using 8 button th2t i:: 

provlded, a dhpi(lY is provided to ht=:!p in the seiection Df th:::.' VJh.ii:' required. 

21 



53 RECOMMENDATION, 

i fecornrnend that f"or future impwve:Tler.t~ on t.h;s ptGject., J more flexible 

the tkneGf COf)st'uctbn of this project.. 

I also w[omr.:end t.hat, the department. should encounge ~ti)dents to go into 

embedded systnn designs, as therf; is gre;;:t need for them in the society tnri<:lY· 
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APPENDlX B 

DEFINATtON OF SOME AVEREBIATIONS USED 
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