
DESIGN ANn CONSTRLCTION OF HIGH VOLTA.GE DC 

POWER Sl;PPLY AT 150KV OUTPlJT nSING VOLTAGE Ml:LTIPL1ER CIRCUiT FROM 

:unv AC\I:UN sorReL 

BY 

OLANIRAN~ Sadira Bahatunde 

(M,ENG!SEET!2008!1940) 

THESIS SUBMrfTEO TO 'fHE POSTGRAD1)ATE SCHOOL. FEDERAL 

LNTVERSITV OF TECHNOLOGY~ l\lINNA, NIGERL\ 1N PARTIAL FULFILLl\lENT 

OF lBE REQlj lREMENT FOH THE A W/\J{O OF T U £ DEGREE OF MASTER OF 

ENGINEERING IN ELECTRICAL AND ELECTRONICS ENGiNEERING 

(ELECTRICAL PO\VER ANn NJACHINES OI~'rION). 



DECLARAT10N 

j 50/-;: V DC Ou/put Using Voltage ldultip!ier Circuit,!;·om 2.30 VA C Ahn'n Source is a collcctJon <)f rny 

OLAN!H.AN, Badiru Babatw.,de 
r\jl,[~t·.J(J.""·SJ:I~:-r!2(H)8/ 1940 
FEDER.A L UN lVERSITY OF 
TECHNOLOGY, \1 iNNA, 
NIGERIA. 

SlGNATtTRE!DATE 



CERTIHCATION 

Voltage Multiplkr Circuit tl-om 230V;\(: t\iain Source by OLANIRAN, Badirll BabDJunde, 

Engineering of the Federal University d-"!"'<:dmoiogy, Tviinna. and it is appre,,-d fiJr its contribution to 

sdenliH( knowledge and literary pr~'.senlathn_ 

PROF. OHIAtJSfFO 
SUPERViSOR 

ENGR. A. G, RA,,Jl 
HE,AD OF DEPARTMENT 

PROF. 5\1.S. ABOL.ARIN 
DEAN OF SEPT 

PROF, (lVlRS.) S,N. ZtlUAUtU 
DEAN OF P()STGRADUATE SCHOOL 



DEDICATION 

age and never be allowed to nwl:;,;; his lnevid"k ccratrihution to hurnan (k:velop'rlCI1L 



ACKNOWLEnG~:MENTS 

1 v<ionU Hke to ex.pfessmy sincere appre'.'iation to nly supervisor, Prokssor Oria Usikt, i"\w his 

guidance, em:ouragemcnt and continued support throughout this rHT~iect H.,~ took quality time k"> go 

through this t1e9;1£., and provided inevitable advice/supervision fiJr soc{:esshll eompktlnn of this 

prq}eCl, 1 must expre;:.smy prokn.md gratitude to the Vicc-Chancellor of Federal University of 

Techno!ogy , h·1inrm. Prof;~ssor MS .. Audu. the Denn SdK'o1 of Engineeri.ng. , Eng!. Professor )<A.s. 

Abo!arin, ttt;': Dean PostgmdtWle 3chooL Prokssor (\11":::.} S.N. Zuh<'l.iru, I gratdhUy thtwk the 

r;JUowing penpkkH' tht~irvuhMb!!;; a.''lsista11i..~;;'~ dming the yt~an\FngL Dc fd,K N\';nhu~ the 

coordirwtor of the post graduate progrmnme in the departmenll{X his contribution Judng the 

prugmnune, Engr, AJ:L RaJ;, the hend of Electrical and Electronics Engineering Department for hb 

snppon and solid foundation he laid in puwer electronics. Dr Tsudo, for bis efh)rfS in pO'Ner 

protection t~ngin!;;edng and aU tt\'+Hlologists in tbe laborawry who have contribufed irnn1en~Y::.1y to 

thisw(;rk. ! spl~dany thank Mr. Aghaoyc of Natiomd University Commission lor his fathedy 

as:;;lSUinV": and contribution to this programfw.:;, Ht'~ contributed imnwnS'<dy to the success of this 

programme, I am t.~quaHy indebted to Pastor D<lveOwoeye fhr h15 f:ncouwgernent. asshtance and 

prayer. \Vords camK>t adequatdy cxprt~ssmy gratitude to you alL I emmot !:orget vah1<'lhk 

c~)ntri!::mtions of EngL Victor Ganiyo. EngLAwde\va Ayoknnk" Engr.·rahvo Ajakaiyc and Eng)', 

Otur1ol.a David. 

[ want to thank !vtr. Abubakar Ach.Myml of Fed~xul Radio Corporation of t-·Jigi..xia J()f his kehniral 

supp<'H1 during the de;;;ign and ~nnstruction of prototype of this work J also wish to thank my panm1.s 

{(Jf their love and (;are, aU I.Hy family n1t.~mhers, coUeagurs and friend.:;; t;;.rf giving me tl-w:ir lU<Jral. 

snpport Ab~yve an. I thank Ahn.ighty God for journey rnerey and sound health throughout tbH 

programme. 



ABSTRACT 

vias adupted due to it~ less Slrc"s on c,:;mpunenb <md (X;~;;t cticdjvcne~,>s, In thls s1'ud)" a prutotype 
1",;'-,l'l ,,(.,1j-,.l'-"". JV)v""'" sl','p1lv 'i",,,,-,,,d ()"j C{""'i"l~ ;:·,"d l'n>!)·l'~:1~""·'('·jt:(,.!, ,-,.;' 'l""1",j,';"lrl" 'V';l, '·'.i_).:-l·,'.~t"l.',"',·,ed. ~_'.rl ... ,.~,. ,!",~;,~ .I, . . "., ,.V-.~.t .• , in"v-, .. ' " •. ,y,:::, _ ,.",. "" ... ,,,.,,,.,,!. .<J: vi ,.'.<c,"{. ~ ,.<" ..... " ,' .. " . 

bboratory and 1hl;; result obtalrHJl ccrnp1ied v"-lth the ()utput of the c:%:isting device, 



'fABtJ[ OF CONTENTS 

TlTLEPAGE 

DE(:I:>ARA'nON 

CERTfFICAT'!ON 

DEDICATHJN 

:\Cfr>K)\VLEDGEI-AENTS 

ABST"H.A.CT 

TABLE OF CONTENTS 

UST OF TABLES Xl. 

LIST OF FiGURES 

LIST OF FLATES 

CHAIYfER ONE~ lNTROO[fCnON 1 

101 lkckground to the ~twly 

1.2 

13 

Proj;;;ctmetnociology 

L5 4 

L6 Report orgmrization 

vii 



CHAPTER T\VO~ l1TEIL\ TFRE REVIE\V 

2J 

2A 

2A.1 

The bridge rectifier 

2,5.L1 

2.6.4 

2-6 

2.6,4 

2Ji6 

2.1.1 

'J't ") 
~~! ... ,;".. 

VIU 

9 

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

16 

18 

20 

21 

24 

25 

26 

......... .., 
/ , 

"" 



Ripple voltage 

33 

Inr>Ht shma! wavcfonn 
~7 

33 

2.103 Nature of load 

2-J1 34 

2.12 

2,13 40 

2.14 Osd BalDxhnulti vibrator 42 

555 tlrn1;:1' dn:uit 4.1 

2-14.2 44 

DC~DC ~:onveri.er 46 

1,16 'fypes of DC-DC umven;;.~r 46 

46 

52 

Oscillator drrult/Hyback driver 

Design of ustahk muhivibmtm 60 

61 

3,4 62 

67 



68 

70 

Mt'<'l.sures ?l 

CHAPTEn.t<'OVR~ R£SlJL TS ANn lHSC1JSSHJN 

4J 

4 ·' . --~ 81 

4.4 

45 

4 7 ., 

4J.{ 86 

CHAVfER FIVE: CONC1JJ§10N AND RECOMMENf.M.TIONS 88 

5.1 Conclusion 

Rccomrnendation.s 

REFERENCES 

APPENnlX 92 



LiST OF 'fABLES 

42 

43 Result of Stage Voltage s,vlth Input Trbngle V'./avc Form Signal 

Result of E!:led of Fn~qw.':nt:y of tnput Vultage (Stage One) 

4.6 

4.7 Result of Effect of Frequency ofbput Voltage (Stage Four) 

Efli:~;;;t of load condition (1 ~A Load) on Ootput of Voltage Muhiplier 

4.9 EUect of load condition (lOOK Load) (>n Ot~iput of'>.:? ohageMdtip!ler 

FB:Cct of loud !;;{mdhion (10K Load) on Output of\/ohage Multiplier 

4.11 Efkd. of load condition (lK Load) on Output ofVohuge X'ddtiplier 

74 

74 

75 

7~ 
I ..... 

-'Vi 
f , 

77 

78 

79 

80 



LIST OF FIGURES 

'"' / 

2.11 input (top) and output (hottNH} of thi.~ f0':tlrier 

14 

!5 

2,11 Voltage tripler H.nd quadrupkr 19 

20 

LIS C<)l,";k(;roft~\'Va!ton vnltagcm.ultiplier 24 

25 

29 

2.20 AS1<i.bk muhivibmtorcircult 44 

221 Buck onverh;r 47 

xii 



,~ .... ~ .. ~ 
'£.H"~: .~, 

227 

232 

2 . .35 

3A 

3.6 

4J 

·4.2 

CUK converter 

CUR "'OfF-STATE" 

F onvanJ convener 'Nith tertiary winding 

The tntn~4onncr circuit 

Regulator 

47 

48 

49 

49 

50 

5! 

51 

52 

5.1 

53 

54 

54 

55 

56 

56 

57 

58 

58 

59 

60 

79 

so 





LIST OF r[.,ATES 

37 

H 63 

m 

rv 72 



LlST OF ARBREVIATIONS~ GLOSSARIES ANn SYMBOLS 

EC35 

ML}" 

Pennittivity of thx~ space 

Pe~'lk magw~tizing :.:.urn:.nt (A) 

;("ro"" ~"><'·';'-'l'},>l "'-<>" ",+' H'~"k" ("n,2\ .-.....d ;:'.>:.;- •. ;. ..... ·v~.~~;·. x<-s..~ ..;u ~.{~ .... ,n ..,.l:' H ...... · ... Vl ~ . .? 

Turns (turns, primary) 

Core maxirnurn nux, density {T) 

h'kan kngth per turn (em) 

tylagnetic paJh length (ern) 

F PerrniU1vity (\Vb /\v 1 rn .. U 

xvi 



f Openuing treqmmcy(Hz) 

p(, Output pO'Ncr {\v} 

Ap !\.reaprodud 

Pt PO'Ner handling ~;apacity (VA) 

J Cu.rn:mt density 

K Coefficient indicating squarc'N(l'\;'t~ input 

AC Alternating current 

CRT Cmhode-my tubes 

C Capacitor 

D Dioch: 

Ie 

P!\! 



cw 

L 

Hz 

'y o• 

I ... 

SMPS 

FJ{T 

PCB 

(~ockcrofi···Walton 

Inductor 

Hertz 

Period 

Hjgh Voltage 

Printed circuit board 



C"lU! ~pl"~(r8 ON.·~? ,.{"1./.-'\. . .l'.<.f.'\. . 1::; 

High voltages arc prhnad1y produced fbr insubhon tfsting of high vohag<: equipment undff 

2004} 



when input voHagt; stahihty is not crihcaL ·rhe highvoHage t~qulpmenr is .rt~quir<:d tn stud.y t.h~ 

safety over the wor.king condition;:;; and tn ensure thi'lt thc 'Norking margin is neitherk~() high nor 

prototype surbce 111{)!.mted Cockcwtt~ Walton. hoard and tested for use in battery npcrakd, palrn 

In this projed, th~;: main emphm·,is is given to dHTerent methods of gcne.mting hlgh voltage DC 



current nrecise!v 1mA \vith 150K\' DC ulltnuL 
~. ./ I 

i.2 Signitkaucc and Motivation for thc' Study 

In nc>\V<.x ~;vstem. cable il1suLdon test b amnior aSt)e,-:·!. that reotrires kecn mtc:ntion because it t .... .. ._ . r J . - -

under load condition. The devil..~{~ to C<lrry out this test i~; not readil:-i availah]:;'> and \vherc it is 

2. 'I\:) el1<:.otlrage 1oc[11 pro;:.hKtion of this device as '12/l.in:41(>reign importatirm of highlY 

expensive I)C gcnerr;}or. 

? To prove viability of DC>!)C c<.mvcrkr tcchmque in gcneratrng txuprnc!y' high DC 



1.5 

Thi.s work ';haL be E:nitcd tn the deslP)l1 and lHyoknwntall.On of bzh voltage DC !)ower sur:mlv 
'..- 1 .~.. _.' t { .. ! 

1.6 Organization of TJH's!s 

4 



CHAVfER T\VO 

2.0 11TERATlJRE REV1E\V 

2.1 lntroductirm 

rr~quen(;y s\vitching dLrect CU1wrrt to direct current (DC·· DC' topology. 

v-/l"l1(j,; rc'mhin v()itngc drop <It the of,tpuL Bette"!' nppro'J.cb rn minirnize th~se bottknecks is to 

2.2 Mode of Operation of lUgh. Frequency S'witcbing Conn'rhT 

-.' '" . _. . , I)' ,. I"f' , \.. ."", ""' 'l ~ i ."" ,. hgun;; LI: A Hk;CK wgrmn i.H ::t1gn vPltagct.ll;TH.'::-rlh)r usmg vo!Llg,'; ,Y,U1tlpner 
Technique 

••••••• l!o- Ciutpm 
Voltage 150 
KVf)C 

hgure 2.1 :~hows J. block diagro.rn consIsts of input signaL, MOSFET drivcL fi:.;rrite core step up 

DC' voltage and reguL:lted as krw as 12 v(llt \kbich is n:;quired \0 generate smodh dni.1 stahle 



'I"'" !1:) . ,!llS lS C~l Cu 

rectifier ,:.ircuit occurs in short pubes around the AC vullage peaks. I fan i.nput nrnge switch is 

range of DC \:oh:;gcs that \vi!1 be produced bv the recLiner :~tagc. \,IOSFFT ~;wil.('h and h.'rrire 

kik+u1:.7. (KHz). The Ji'cquency is usually cbosen 10 be above 1 l<.Hz and belov, 100l\(HLc if 

impknented as :l rnultistal:'!.c (to ~lchicv(; high I:<~gin) \HJSFET amt>lil1rr. MOSFET:.:; arc ;;l tvne of . _ . ... ." t . t 

used to drive the pr;l1ury '>'-finding of ~l high· frequency transti.rrmcr. This cnn\Tris the vu1tagc up 

(; 



caHed voltage doubkrs (V~dI Voluge MtdtipUer fHOXHH, 2011 'I 

reality several z::ydes are required In reach fl.d! voltage}; 

OUT 

')\ ..... } 

Pe<'1k: 

7 



the tirst stage may h,~ redu~;ed to 1 x lJp. 

than, SilY. 1 () or 20, are not sensible in pr(lctiee. 'ThL rneans, the vdtage drop is the higher, the 

higher the output current r, the bwer the frequency r and the k:>\ver the capacity C. Tb: voltage 

dIed. of rerno ',A ng most of the rippk: while pH~SerYl.ng dw pt:ak voltage in the omput 

~T 
..c .. • I 

:. 

I ~<<<% 

21 



Thh; circuit was Hrstinvenh:dhy Heinrich Gr~inacher in 1913 in order. tnprovkk the 2nO .... 

built by Jdm CockeroD and Ernest \Va!ton. s,vho in{kp~ndenHy w.hscover<.~d the circuit in 193L 

The uJ!H.:ept in this topology ca.n. be extended to a vo1tagt; quadrupkr ~.:.:;rcuit l)y w"ing t\VO 

across the two if~dividual outputs. J'~()te that, !ike a bridge circuit, h. is not pn:.:;sihk to 

This (\x.:kcroft···\VaHon {C\V) volt<l.g~mu!tip!kf "vas part of one of the ~ar1y pmi.1ck 

a(:cderators respons~hk f(}f development of the atomic hornb. Built in 1937 by Philips of 

Eindhoven it is nu'v\! in the National Srkw;;epv"h.l3{~i..m1 in London, Engla.n.d (Encyclopedia, 

201 q, 

The Cocki.:;wft···.\VdtOH generator, or multiplier, \vas named ~~Jkr th(; t\VO m.en 'Nho in 1932 w;;d 

in Physics hit, " Transmutation of atomic rH.ldci by HJ.tiJiclnHy accelerated ah.Hrric particles", Less 

as the Gr-dnad:u:r multiplier, The CW is i'l voHage rnnltiplier thm (:OHverts AC or pulsing DC 



tnxasformers. this rnethod dirninatcs the requirement i{)f the heavy core and the bulk of 

insulation/potting requ.ired. U~ing only capa<;jtors and diodes, these v<>Hage muhip!iers <:aB step 

two-stage version of Figm<.:: 2.15. At ih<.:: tinw when the AC input feacht'slt,~ m:gative peak 

rNk~11tla.! the lett mosf dkxic is al1{)wing current to H(fW fro111 th.t~ gluund into the first capw.::itor, 

iII polarity of the input the {;apacitors add tu the upsrream charge and h}ost the yoH.<lge levd of 

perfect o.)mpnnents, is two times the Input voltage tlrni:S the numher of stag~; (Encyclopedia, 

201n 

23 



in. the lower st~lges, And, when supplying an output the voltage ripple rapidly increase::; .CiS the 

24 



('Kfs. hug zappet's and rrw.ny other applicatioHt'i that nst~ high-voltage DC (Enc.ycbpedia, 2m 1). 

'rhe Ddon drcuj{ uses ~~ bridge topology for voltage doubling, Thh {(}fln of cin.::uit W(1t'i, at one 

time,. con:nnonly knmd in catbxk~ fay tube television :.:;eh \:vhere it ,<,vas used to provide an (:xtra 

douhkn" were used (0 either double the volt'lgc on an CJ1.t \vimJillg on the mains tmnskrnner or 

were applied sf) the wavd~}fm on the line Hyback coils, 

Figure 2.16: FuB-Wave vol tag;::: Doubkr 

The circuit consists of two: haU:'wave pt~<'lk dekcmrs, functioning in exactly the same way ;1$ Hw 



/\ jhlJ~wave v,::rsl0n of thiscin::uit bas the adVf'Xltage of lower peak diode current~;, impro'>.!jyj 

ripple (lnd oetterloaa regulation but requires ::\ centre-tap to the trart'.h"a·l1wr as \vdl as more 

i..~a;paciwrs if (;xpsx:ted output current wiH be reali:u::(t Proper :,dtX:tion of act1ve components of 

dw muhlpher technique for gener.ation of h.ig11 DC \ioltage, If proper attention is not paid to 

these fr);dofS, there rnay not be output at all froro the 'voltage multiplier-

input ::>igmll. Capw.:itofs used in nff-lhw, 60Hz appl.kations arc usur·tily in the range nf LO to 

v,/ave doubkr circuit of Figun:. 1.6, C4 IHn:4 be capabk. ofwithsw.nding a iTI<:w.i.mum voltage of 

Vm. while C2 In.Us! withsrand a vohuQe of2\-'m, In the full-\vave dnubkr circuit of Fh'Jlfe 2, lO~ -. _. - ~ - -

requires C1 to withstnnd a voltaw:~ {tf VUL and both C2 and C3 i.o'NithsVmd voltages of 2VrrL 

A good rule Qf thmnh is to 5ckd capadto!'swhose vnitag~ rating is approxirnat:dy tVv'kr. that of 

shnuki have a vdtage rating nf approxim.akly 4Vrn (\b.zelL, et of 20(0). 

26 



st<>red charge is d.irectly relmed t<) the amormt of forv;ard current Howing through tb: d:Jvicc 



the input Sig;lUih) the multiplier network. nmst be considercd.For symrnetrkal signal inpnts, tbe 

spedikation i:.:; vcry dept'11dem upon the circuit and tb.;: conditions bdng used k~ makc the 

uSt:d for th,c GP02-4n:L Therefore. it is very important to note which test drcoiti$ tx:i.ng 

forward <:;:urrcnt ~Iud TRR in the GP02AO, /'d you >:an see,. (kcreaslng current flo v; in the 



10fK~ 

~:}GO 
.. ~ 
'C 
§ 

:,~(JO '" >l,> 

g 
s;; 

~ ~{jO 

;.: 
"" 

~)(j. 

F1gure L 18: TRR as il ftmction of f<Hward 

spl>:ed faster than the d:~e and fail tirm:$ of the input. I.f the reverse reC{)V(,TY thne is too kmg OK 

used tn make the measurement, Reverse recovery Titne specitkmiol1 should he u;,;ect 1(rf 

opposite df0rt. rd.e~~Hy the frmitiplief network 10M should dnnv no current Uvi:azen, ei ai, 2000j. 

29 



charging, On the secondary side. significant :;;;mge currents can How through the Hx;titkrs 

has a fbrward surge rating" h·S.fvh of 15 anlpere~<, Com;idcdng a maximum wc.oD(bry voltage of 

(2J2) 

30 



rcsuHing in im;.re?lSt;(\. current H<)'N through tbe insulating nHIh~rials (V~vn V o1tage M u1tipEer 

1 
Y. -:z ~"."""" .. ·· .. c 

2nfC 

frequency. 

causing latent Lxi!ures, 

elirninatlng air entrapment in enc?lpsu\.ation, and <{ thorough understanding of what caUS<3:'$ 

31 



(l,2.1) 

Pf} 
:.:.: .-~ .. ~~;~ .~::. ;'!~?::"3:.. (2.24) 

aK" 

(2,26) 

<'I 

J ::: ....... !~ftL .... au'!ps 
p V 

(2.29) 

The primary n:sistance. Rp, 

(231) 

N"f·:. N :c:: _ ...... ,,:.......... turns 
l) " .. :.::""V iii 

41 



4·" '£-

(1.35) 

(2.37). 



T11<:: 555 tirner }(' h an integrated circuit (chip) used In ii vadety of drner, puh£: genewtiofl and 

1 GND~ 

2 TRIG ~ 

3 OUT·· 

4 RESET 

5 C"TT(L~ 
6 TUR~· 

7D1S-

555 

(ff-t. 

Figuw L 19: 555 Timer iC 

Ground. low level (0 V-; 

OUT rises, and inti.~rvd starts, when thL input faHs below l/3 Vcc. 

1111(,; omput i~ dri'o/en to -\- r(~C nt GNU, 

(\ timing intcn'al may be interruptet1 hy Jri'iing this input io Gl"·~D. 

Ht""\·,·!'tro·· 1" '.H'.".e·'Z': t" ·~'f' ;1,ti'm,,,l ';nll~><?(.·· i 3iv;,jm· ii'>v I{i>(."pl. ')t1 V··,'") 
';.. .. ~j _~. ~ .. .) ......... ~· ... d .... ~ ~~~ .. { .... . { .~"'V& '-'~,~ "' . .... V)~':;..*. ,~J. o.~ ...... s. \~.I ... ... .:., .. b;..< .-:.d.,:, . .-, ....... ~_ ""._ ~ 

'fht; interval ends Vv'-n<':)H the voltage at TrlR i~; greater than at CTRL .. 

Op~'n collector <>utPlJt~may dlscharw; a capacitor b;~tv>,el;:n intervaL, 



--rT~;,~;~~[ 
O.~m -t~[1: : ~.=l~ ! : ... .;-. .. \ ~ " ! .. +_ -r' Co 

1 L. ...... ::== .. : ............ ~~ ... ~...l 11 
: \l iP~f': : 

GND ......... _~~_ .................. ---~~ ... : ... : ...... ~ .. ---J........ .. 

Figure 220: ASfuhlc tvluhivibrator 

I' ::: V,· .... ,. to ."':. V .. , is equal to the timf: fhe 
- r ''10; ~- <. ~ 
... ! ~, 

The thu,; taki.'.11 by the i.'.upacitor to dWIge from 0 to +:. f~, .5 . 

. ~< 

T!v~ t;n~i." tAcH bv!he C'lh flC't;·',r to d':nme fmrn n to +!: ri" . x .!o,.. ......... )". _"~ ........ - {..~ ... " •. ".~.,,-". . .~ .... ~~.,. ~..... .") • ct . 
.. ) 

or f.': "'- RC 10K, 3 :.:.: 1 J)986RC 

.,' " 1 '0 2 ... 
Sr; th:.c tlInc tah~n bv the cnpacHGr to charfrc !-rom -{- .... / .... tn -+ .... V,. 

<.""' #,..' .-.., .. '." .... (.: 

;~ .:> 

(2.38) 
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') 1 
The titUl: during whIch the c(ipa,:itor di~J.:;haIges from .,. -:- J>:c to +- --~- }~< is equ~l to 

.~ ,) 

~ 

Substituting V; c"'- .~ k;c and l '" lei in ah,T\,c equation \Ve have 

(2AO) 

The 

CH1en fhe tenn duty cycle is used in conjunl;;ticm \vilh the astabh: rnuhh:ibrator. 

The duty cycle, the ratio of {he thrv; t:; during v!hh:h fht~ output is high to th,: total. thne period T, 

is given as: 

(2-42) 

f_:."'-',n' ,.l...;~ ';;-'nv» ;><;:-<::>'('1' "n <;-;.; nhv;'-'''''' th,,'- '"g-, ,'2>p \'>!'-l"f' {';;;P ').~). A, ,t\; "<i",j'"" \ ,-,) 'In-''' '~'2p<'nt b" ~. < ... ~ $: t:;'J~. ';:,"l..~-<;.,,, ...... ........... l"'.sa "'> .. , :0 .•. h. #.~ •• ('>~h'!. ..:s{..,.~ ... > ~ .. "'U~ .. · .(.~".. '\~ ... ) .. U'Oho'.:'''::; ..... }""'"'.:.a...,..' ..... /..~.-s:~~ ..... ~;" .. (.·.h, .. ,,'V 
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\Vhh Rl. ,,:; {/ (linn, tcrrninal 7 is directly connected to +V(:C~ During dw discharging of capachor 

short bd,\".:'een pin 7 and +Vee, H may darrmge the tw.n;:;istor and hence the tims.::r (WHIG, 20W), 

A l)(>!D~DC converter is ,1 devk;e that accepts a DC i.nput vohlige and pruduces a DC output 

StmWH.1ry of some of the popular DC-DC converter topologies: There me rnany different types 

of DC~DC conver!.t~l\ each of them t0m:!.::; to t)e more suitable fix son}(~ types of application than 

not bt: important in many others (Colonel, 2000\ 

*' Non-li'ioladng DC>UC Convener 

Q Isolating DC-DC Converter 

The non~iso!ating type of converter is genendly used \vhere tht~ voltage need", tn be stepped up 

or dn'.Vl1 by <l rdatively small ratio (say less than 4: i), and there is no prohkm w1th the output 

redw .. ~t:r and! 5V/SV step-up conwrters. 
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There art; flve main lypes of iXiuvenxr in this non-isolating group. HsuaUy called: buck, huost, 

buck· boost, Cui< and chargt;-pump converters, The buck convt:rwr ~;~ used for voltage step 

up or voltagt; inversions, hut only in rdatively low povv'er appHca!ions (Colone!. 10(0), 

draw tht: input current \vhen inpm volt.age is lower than the output vdX(lge, Scberrmtk diagrarn 

L 

Figure 221: Buck Converter 

:"f! ....... . 
. ........ ~~~ ............. ----.-...-~ .. ~ 

Figure 2.22: Vohage and CUfl'ent Changes 

volhge win knd to cause the in.ductor currt~nt to rise, When tbe tmnsismris OfF, the CUrH;nt 
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be nnly tb:: voltage across the conducting diode during the full OFF time, The avt;::rage voltage 

current i$ cominw.ms (Coli-mel, 20(0).. 

The Buck converter has a !owt:r outputvohage tkm input voltage. and it has pu.!sating input 

The st:hematic in Figure 2.23 shows the ens)c bonst converter. This circuit 15 used ,·vncn a 

higher output voltage than input is n.~quifed, 

CH.:rrpUf 

Vm .r 
Figure 223: Boost Conveft.cr Circuit 

diode g.iviWL V,," v.,. For this analvds h is asst.H11C ttWJ t.h.<:: 111dw.:Jor current always remains ..... ......,~. . ; . . ;. 

flowing. (c{}minuous conduction}, Tbt;:: VO!!.<ifP:: across the inductor i~; shDwn in Figure 2,24 and 

the average must be zero tbr the avcrage to rem<l.1n in steady suite. 

V f + {V V \" .... I) .in;' .J}; \.. . !~! ... ( • .f {~N ....... ~-

\)A2) 

11m; can bt.~ rearranged as 

(2.43 ) 



J~,_ "" (I ,,- D} 
I,>; -

(2.44) 

.............. --...... -.. ~ ............... -...... --+ 

applications. 

L 

+-

Figun' 225: Schematic f{)r BUCK,Boos{ Converter 
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TIME 

F1glir~ 2.26: W<.rvdzmns fhr Bm:k~brlost Corr'lcner 

(2AS) 

(2-46) 

and fhe corresponding current 

!. fl'" D) ... .': .. ::z ~ .... ..::: ....... --- ... ..:. 

1m D 
{2.47} 

Since the duty ratio '''IT h; bd,'Ncen () and 1 the ouJput voltage I;;&n vary bdwcel1 lower or higher 

ibm is either greater than or less than the input yoltage rn.agnitude Jt is a swhdlniode power 

Vo\i)lgC is adjm>tabk based on the duty circle of the switching fmnsistor. One possible drawbad; 
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on either ground side or supply side. 

charge b.a!am::t~ for th¢ capnd!nf CL For the trans1:;;1.0r ON the dn.:uit hecornes 

and fhe current Cl is ILl. \Vhcn. the transistor is OFF, the diode ;;:onducto[s and the cutT¢nt inn CI 
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j .. , ft~D} 
~:;;:~'~~-

INPUT . ,. 
+ I U 

Figure 229.: CUK. "OFF-STAll~': 

(2A3) 

{2A9) 

The CUrH;nts match tbe input and outpul currents, the using the pOSNer conservation rule. 

(L50) 

AU of the convert.:as we have looked at 5<) far have virtually no ekctrical isolation between the 

input and omprii drcnits~ in !ilct they share a COl1nnon ~:on.ne~:tion.lhis is fine for many 

output needs to be completely isolated from i.he input. Here's where a different type of inverttr 

tends to bt; used-Hw isolating type (Colonel. 20(0). Ther(~ are 1\vo main types of iso1ming 
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232 shows tb~ basic cnnverteI; Figun: 2.33 r.eplact~~ the inductor hy at 'h'orks by stodng energy 

inductor during then ON phase ~nd rekasing It to the output during ()FF pha,'3t~. \Vitb. the. 

In Figun:. 234 the lsolmed output is dariikJ hy r.emoval of the <.::ornrnon reference of the inpm 

and output drcuits (Cokmd, 20{}O). 

L 

+ 

Figure 232: Buck·Boost Com"ertel' 

OlJIYOT 

+ ·t· 

FigUR~ 2.33: Redacinlt. !ndu<.:torbv Transfbnner _ t~· ~ 
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The diode D 1 on the secon<.bry en:mn;;s that only positive voitng!.'% are applied to the output 

circuit \:vhik~ D2 provides i1 cin::uiating path fbt indud.or c:urn.:::nt if the tnms·kH:Tner voltage is 

zero or neg-atl ve, 

c 

applied across dw core, thus nux can ody irj{;reast~ w~th the app!k<1tkm of the supply, The nux 
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Figure L36: Forward Converter withTertiary \%/inding 
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,(e'<I,I/. 1)'l"'VR '1""[,1'1')'[,'<'8::< 
'\. .. 1.1 .. .'\,1 J. [' .... . . 1. J . .I'.I .... I": .. 

\lATER1A15 ANn l''lETUOn 

In the course of every de~,ign it is expccted Hwt the rnnde of operation of the systern be 

si:nplify tk opcratkm of the devlcc.Th<.::se ~:ugt:s arc shown in the bleek diagram in 

3,1 Input Signat Unit 

l .",' "'(" . "I'" ... ~\. f" f" , ' ." . '! . I' t·· L:' V u." OUtput- he i ~ , Lk u:,en m l',O'Nenng tn.t: O\Cli ah)r gds trw Supp j trorn lin:,:;. Input 

sig.nal. 

230V 
AC+Transf~ 
~ins . 

~ TnU1sformf~r 

11' \teps d~)'Nn big.h \'oltf:ge AC nnin:;; to loy/voltage At:'. In this project \',ork dw input 
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inpA 
high voaage AC .' 
(mains s~y) 

ut~n.t 
iow vo~tage AC 

Transformer 

voltage 
A 

+ 

o ..... L. 
time 

Output: ~ow vo~tageAC 

COH\\:-rts AC to DC, but the DC <.mtput is vmyin.g, Fun \vnVe rectd)cr is used due h> jots 

" ;', l' , , nXl IntO t 1b c;r(;urL 

Ac 
Une 
Voltage .... -.:-... 

A 

'<"" . 

8 

Fign.n: 3.4: Fu!1-\'/ave Rectifier Circuit 

>Ii' Smoothing 

then discharges ;~s it supplies '.'un'('n1' to the output. 

~{ 
•• ' f 

~+ ~ 

~RL.VL 

" 



Current k .~:: 
""'""""~----./ a + 

~ 

o ~. 

Srr.n11rg~ 

Fig.lJr~ 3.5: Srnoothing Capacitor mid Output \Vaveinrm 

'5 ><1,. -; x 4 C '" ............ -~ :;; ..... ~.~ ....... -.. ----:.;.: 0.024F 
16,8 x SO 

c: "'" 24000p.E 35V is uS1;;{l 

::1' ~::.:.':.·.r~() ,'. ~... ., > ~.. "".,./ 

(:{),"n 

Figure }J): R~gnbtor 
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U",l W1l2 ITSDJlator is used due to its avaihbllitv. The irnoortance of this component is to ~~ ~ 2 ~ 

and that is '""by lirl';;ar tnlH';forrner of current rating of 4;\ is used t(;r this (ksig.n- As mentioned 

7 a 4 

~Ok .'. 

lnF 

470tlf 
'if3V 

20 KHz. 

HV 

..... * ... 
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~'lf'j"!'<"l'k t,) "jl<:l'rr' th' ;-l: ,.enl'·,'<"" ,r,; !""'" '.': ;'i" k"nt· Inn; j ;'1'1 j"<.,,, "11 >' ;rl"~ II"I'loj) ,., r l' ~~" 'f""l":,'~ j.~)!'l·l)'·"" d"rt " ........ ;:.J_-' .... .......... ",. "" .. ~ .. ~ .. ~ .. .::'.::=, ....... ~., ... r ... v .. ... -'- ..... ..... t.· !', v' '."~' '">'-"_" .................. > .... {.~ .•• ~,." \.1.0.. .Lo.: ..... 0~(.~ .... 1.~ .... __ ....... ~ ... <.-{.~ 

is used to drive \.-10SFET, mF MO ""hidl ,';onnl;;;;icd to ho:.h "ide of prinwry ,,\inding of the 

standard step-up lransi"i,Jrmer, The AJOSFET s\vi!.dlC,:< ",;ill turn on and turn otT. Cons(;qrwnlly, It 

Astable Mode 

Frequency.' '" ./ .... 
(/?, .-;- '2 f{, )C 

(J.2) 
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n '1.44 
t .. ~r:.rr_ .............. --: .... . 

iH '~i:»t ~, .. n~ + ~ '\-::: .. ! 

f::, 20KHz, lei Rl "" lOon, 1(. "" 3550, then 

c '" lOnF 

So, to realise ;..;v,iitdling frequ~'ncy of 20 KHz.: 

(':;;; lOnY 

'fht:: p<)sitive output is high thr T{h) seconds ba.''lea on this fonnu1ar 

T;nll~ ; 'iV' i~,~'>',) "" 0" 60 -::'x i {I, \f" z-;; f)" .f,j\~,w"., .t :;.;:. :... 5;...'" '..., ~ •• ~;o,.. ... J . 7·,.> '\-({! .r~.. ~ A.H .... .-!H.) 

derht~d hy the f{)fmula: 

(3,4) 

Power MOSFE'Ts are voltage conJroHed~ Their gates appear <I;':> capacitan{;~.:: {of the onkr of pico 

farad!rm,no farad) and must be charged I'~.)r un st~,ue and discharged tbr otT st:m{~. This ,mc~~ns tht:: 

cn.rn.:;nt m~eds only How during the shDrt time it ta.kes to chargc!Jiscrmrge the srnall gate 

mpidty 'Nith tht device's blocking rating. h,,10SFETs also have a positive t<..~n1perature 

codl:irl.ent 
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Other 

~ N(l.no:~econd S\vitching Speeds 

.. High 1nput lrnptci<:mcc 

effi;:.ient!y ;;\n<3 in.c;tantaneously frorn an (;xtcrnal dec;r;cal -;Ollrce to an external !o:ld. In doing 

*' The prirnafY to secondary tum:.'; ratio can be cstd)ibhed to df1;;;iently acc<)1nm~)date 

widdy difh:rent lFPUt\)Utput voltage lcvck 

multipk outputs at difkrent v<.)!tage levels. 

frequency switching traw:fj.rrmcr is 12 V DC irrve:t;:.d hy i1yhack d,.iver and pr<.xlw:.::;; 1 UK\;, AC 

at the output. 
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VA'~ output pov,:er 

j',,, lOGOO 

B,,,::;{L2 

!~ ::: 2 x f\.; V:\ .... apparent po\v'~r ha.ndling capacity CLS) 

l~ "" 2 x 2.5 :.::: SOlA 



f(j :,,: 323 (current {knsity (:odTk.icnt) 

,i ::.:: f.1. )Q 
"'~f' ,.~u 

.i :;:: If') ,"/,;\. "l·'·l./. .(1.: . ......~, ~ ~ 1 ...... ,.~ 

(3.:.6) 

0·9) 
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pc 
f;,; '" .:.:~.:. J~u ;;; 0255 W. sinct~ I;; c:;; f;u J:. ~ 0.255 \V 

.,;" .. 

cun 

N .. "" 1 {nrn 
!-' 

(3.12). 
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Resistivity of (:oppeL 

~ Iff"J' .... " j.)(> "'I' :'~ . • 0' • P .... r~ ... n .. } ~ .... i ~. 

p . 
R. ""~.~. ::: K 1848 x 1 {f" Diem 

i' {L21 
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(3.15) 

r? 
l-./.;; .... '~'" ~:-:-: 1042~. 1 J}:l5 \yas chosen 

0); 

r n "()\ /t"" :.:::, ;;; ..::~:.:)::,~' .. ::: 4.6;;< 10" cn/ 
" ./ 548.7 

MC;Jl1 kngth per turn: AiL!' "" 3.80un 

A:fLT"" 3.S0n/em [i-om AWn t(lbk 

35 MuHipHH Circuit 

input tn the voltage rnuHiplivr. Tht~ rnnlUplier circuit cornprises of tl1kcn (15) ~;tngy; with input 



The multiplier spec) fkai.ions are: 

Output voltage 

input current 

Output current (L{)ad Current) 

\\/here r ," output current without load 

V :;:: output voltage 

P :.:: J x 1 0 '" x ! 50000 

p ~ 150\\/ 

\Vhere n ''" number of capacitors., or diod:,:;s,. 

150K\:' 

SmA 

150\V 

lmA 

",." KJ·! .it? . ::12 

(3.17) 



(150000··, 1{15KiOOOO)} ....... i Lmd 

"'(i';'l~s :\:;:':1';'J'if~:i5}~' ·'·····(~ii::···· 

.:~.!. 5G,~i.?~? '" ... .J.!:'2,,~ 
14)60 6j(' 

(,::"lOnF 

«(19} 

So, pararnckr of the diode chosen {<.n· this projectwnrk is: l:2.KV,. ! 50ns. 

~ ~ /< ., ') N? \, (N\'l 
! (.y .. 1+· ............ ; .:.: ..... : 

.... ::.:.' ..... ~,~ .......... ~ ..... / .. :~~'.~.)J. V8 i,:i,> :::: 
CL20) 

12/(' 
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f :" AC input th:qw:ncy (Hz) 

I"" DC outpuf current (AI 

The total voltage loss dUtJ to ripples and vo!tage n:gulatkm Is 17 ~656V, it IneaHS tb: output of 
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;-';-:;~}:. D;-·.::.(;~:::; ;!:{(: r:!ll::-:; ~;:Y:::"~_ 1Wns V\lf:ik~ (::~}V}t:~(!:"::;, ~l"P' r~~.;~~ Hx::r:-rf. ::":,:):{V 
r1 . L::"!.f!:5f' ·::-fl:"~:::.i';:'i:-·((~::;f . • ~ 2 ~ ~~;-~~h \6:~H--:t:~::: F (:If::':::- (.:;:--,,: Tf~n{ .. f,;·r((9'':: 

~r:mF 

,,(3 
1~:;!-';n .. ·· 

(;\ E4 
~~):{O:;. 

::·:5 
~"n-

:z.. 

. :-:_:r. 

02 

(;Z 

········6 

V'~ • : . • .t.' 

LlrniLHions of\'oh~ge rnult!pLie{ metbud are estrJ:d>lwd experirnent(ll1y- and corrective 
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Pial!:': IV: ?Au1tipht~r Output Voltage 

each stage wus measured, 

the frequencies of the i.nput vohagt~ under 3(t SO, 70, ·100, 120,. 150 Hz kInd. 

*' Multiplier circuit ,,vithl through 1 {) stagcsw<.':H~ tmed 'with loads of i Ivl,. 1 nOk, 10k and 

frequency. 



CHAPTER l"OUR 

RESt) LTS AND DJSCCSS10N 

The result of {k~,ign of high voltag.e pC>\VCy supply at j ::iOKV using voltage multiplier cin::uit 

sndEgun:s carried out in chapter thn:.e ;;lye ~;tntcd in thi.s d1apkL The explanations of each of tlK 

sho"vn in Figure 3 <} lsi 50KV. 

« Open circuit output voluge·- 132~344V 

.. Output ripple vultagc ... lA53KV 

• Ourput voltage on full load ... 120KV 

~ \foliage drop inmultiplicr c1n.~uit --- l7.o5fiKV 

.. Output vo!tagc- lSOK\' DC 

• \·1inimum stage output power ... 15 \V 

• C\V output rk;'Ner - IS\\' 

• Capacitnr:.:; used .. 15K"\/. 1 UOOpF Mka Capacitor" 



The n:::~~mhs of th;;-verification of limifations of voltage multiplier under ditkrent input signa! 

Tahle 4.1 shows !.he en·bu. of silv; waVt; input voltap: on the output of voltage mul.t.ipLicL 

Table 4>1~ Result of Stage Voltage,Nith Input Sine WV:Vt~ FornI Sigrlal Showing 
the Effect of SignulWtHic FOHn on (he Output of Vohnge ~y1li1tlpHeL 

~""'"""""""""'" '~~~"""""""""""""--~~ "" ...................•.. -.--~~." .................. --.-~ 

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

19 

34 

42 

31 

28 

10 27 
.--;.;...;;..~~ ........... -.-.. -~-.~ •.. -.................... -~~-................. -...•• -~-.~ ...................... -~ 

T~tbk 4.2 shows the dh~d of '-'quare "vav.;; input voltage on the uutput of voltage rnultlplh:'L 

Tahk 4>2~ Re:=>u!t of Stage Vohagewith fnput Squarc \\/ave Fonn Signal Showing 
the Effi~ct of Signal WaVt~ Fonn on the Output ofVoltageh·lult.ipHcL 

~.--.............. -.--~. --.......... -... -.. --~.~ .............. --"".~--................ _._._-_ ................ .. 
Stage 

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

38 

4 74 

92 

10 168 
.-:...:.;.....-.................. -•. ~-........................... -.-~ .. ~ •............ ---~-..................... ----
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Tabk 4.3~ Result of Stage VoliJigc with Input Triangle Way,: Form Signal Shov,,;'ing 
thc EfI:;,;:-d of Sknal Wav~;: Fonn on the Output of \ioltmH: h-iultipHcL 

- • v . 
-~-"".""'"''-''--'~~---'.'''''''-'-''------... ''''''''''' .... -----~ .. -, ... -.. ........ ---.--~ 

2 

.5 

Output Vultage 
~~~~.---""""."-,,------.,,,."""'-'-'''----- .. ' '-''''''''''''-.. 

19 

Jl 

28 

'1''1 
h.. ! 

fable 4.4 sh~)\vs the effect of frequency of input voltage on outpm of vohage multiplier undcr 

'fabl€: 4A~Remlt of EHbd of Frcqu.e.ncy of Input Voltage (Si.ag~,;:- One) 
Showing the Variation ill Outpuf Voltagc of {he Voitag(: M:uhlpEcr 
Due to Ditlcrent Input Signa! Frequency . 

. --~ .•. "' ...... -----~ .. , ....... --.. -~~-.......... ---.--~ ........ -.-~ 
Output Voltage (Vi 

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

30 20 

50 20 

70 20 

iOO 20 

120 20 

............ ..1 50 ............ __ ~~ ............. _ .. _~ ............. __ .~ __ .............. _.. 2U ............. _ .. ~_ 



T~Me 4.5~ Resuh of Efft~~A of Fr~.::qucncy of input Vohuge (Stage ~!\vo) 
Sho'.ving the Variation in Output Vo!t;1ge of the VolJage: Multiplier 
Due to dit1hent Input Signai Frequency, 

Ou.tput Voh~gc (V) 

}O 35 

50 40 

70 40 

100 4~ .j 

120 46 

19} 50 
•••••• __ .. _ ..... H ... _ ...... ~~ •••••••• _ .. ~_~ ............ _~ ••• ,. ••••• ·_~ ... ,.,. .......... __ ................. _,. •••••• _""" .. ~ .................. _~ •••••• 

Table 4J; show~ the en-eel of frequency of input volt~~ge on output nf vo!wge multiplier tmd~r 

Table 4.6: Re~:iUit of Efted of Freqw.:'TH':;,Y oflnput VuBage (Stage three) 
Shos,'ving the Variation in Output Voltage ofthe Voltage Multiplier 
Due tD diftcrent Input Signa! Fr<;;quency, 

Output Voltage (\") 

30 () 

50 0 

70 75 

100 gO 

120 tW 

I~ ~ 
............ ~~ .............. _~ .......... ~ .. ~~ ............. __ ,. ............ ~ ............... _ .................. _~ •••••••• rrr_ ......... rr .... ~ .......... . 
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Tank 4,1; Resuh of Entt:t of Fr<xFwncy ofInpul Voltage (Swge Four) 
Showing ihe ~y"m:-iatiun i.n Output Voltage of the Vo1!age Multiplier 
Due 10 I)ifterent Input SignaiFrequency. 

30 {} 

50 85 

70 T"1 
r.i.. 

10n 97 

120 100 

150 1{}3 
_ .......... ~ •• _ .... ~ •• _~ .•• ~_........,.. .... _...--.,.. ••• _ .............................. _ .................... ~ ••• ~ .•• _ .. ~ ...... ~ .................................................................................. ~ ...... .-;.o~ ...... .......... 

labIr 4.8 shows the eJlt~d of load z::ondition (m output of voltage mdtiplier under 1M C~ 

'fllMe 4.81 Result of Em:~ct of Load Condition on OU!put Voltage of 'Voltage 
Muhiplier (1\\·1 LXld} 

Voltage (V) 

1 21 

" .6') 
..::, .. 1:,.:;., 
,> ..-,".( 

~) {}~ 

4 84 
5 105 
(~ DO 
..." 15{) l 

8 l7{} 

9 287 
10 207 
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~ 
w 
00 
~ 

%:. 
~ 
;,. 

3:50 

aGO 

250 

20~;' 

Y.m 

100 

SO 

0 

0 7. .. ~ '.k 

Tal:<~.3 4.9 shows the ~.:;m.xJ of load condition on output of voltage mdtiplier under ! OOK n 

T~bh: 4.9~Resuh of Fffe:d of Load (ondidon un Output Vohage of Voltage 
• 1 I • " . 'jCfK '! ~, :V UltlfhH':f \I.J.! ... ~jXlH}. 

21 
2 41 
.', 60 .J 

4 72 
~ . 54 . / 
6 UO 
, p .... , ~.~ 

8 <:)( 
~ .J ,} 

~J 147 
1{} 156 
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Figure ;t2 shows the graph uf outpuJ voltage vcrsm. stage umkr 100Kn load condition based on 

1.80 

160 

14(l 

12.0 

S 
.100 --~ 

!W 
<';l 

*" SO 'E 
> 

60 

40 

20 

(1 

\J :12 

Tahle 4, } 0 shi.iV-/$ the effect of bad cundition on output of voltage multiplier onder] OK n 

TaMe 4.Hh R.esuh of Effect of Load Conditkm rm Outnut Vnb~m:~ of Vo!t~Qt~ 
A . 0 ~ 

Muldplkt (10K Loadt 

1 19 
:: 35 
"< 45 .) 

4 r·..., :> .<. 

.5 S5 
6 56 
7 55 
g 52 
9 51 
'r lJ 49 
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tiiJ 

50 

~ 
40 

fjj 
~ 30 ,.., 
rv 
Q 
:;:. 

20 

10 

e-
O 2 .w 12 

Fburc 4.3: Grnph of Outou! VohaQe! StaQ~; Sho.\.tiHr~ the EJh:ct of InK Load. on fh:~ 
0..../ " ... ;.-..... e: 

Output ofVdtage Multiplier, 

loud veriUed \v1th ten stage ·voltage multiplier, 

Table: 4J 1: Result of Effect ofl..,i)ad C<.mJition on Output Voltage nfVdtage 
Multiplier (1 K Load), 

14 
2 ~'" 

I ! 
H, .~ .::; 
.) ;. .... ~ 

4 n 
5 1{},!} 

6 ieU 
..... ~ 

10 ! 

Q 
'.~ 10 
<) 9 
Hi 9 
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18 

16 

14 

-: . .of 
--. .'-.~ 

>--' 10 @ 
~ 
it> 

is ..., 
C 
:> 

6 

4 

2 

{) 

0 2 4 [, 10 12 

Figmt:~ 4-4: Graph of Output Voltage / Stage Showing the Effect of 1 K Load on 
the Output ofVoltaw; Multiplier .. 

Vohage multiplier cin:uh technique had h}en used tu generate extrelndy high voltage frorn!o\~' 

app!katkms iu need of high DC voltag:t~ high voltage pmvcr supply can be designed and 



circuit s%Kmkl be f.ulopw:d for JeJ:>ign and constrn>::tion ofhi.gh voltage Hl!;dtipEer circuit, 



to aHow tor th(~ mounting nf the fuses and AC meter to meawre th(; inpm and (HH"pui yohages. 

83 



circuit a.nd insubtio.n break down. 

*' Higb voHagc mu1tipH,.x ::;edion is ::..eparated frorn fh>~ rest of the drcuit ~rnd enclosed 



;narked'dangerous' , 

hand HrsL This aJkrvvs you 10 let go 'if you need to. 



N·.·~ ~ ....... ~~ 

H.}U\.)~.·~;"InE re~.~an~.ti::-~;· n~f·~}S~.rr,~:s 

device. 

h·::~:;;:"$ 
~ . '. -... .. '. 





CHAPTER FIVE 

5.1) CONCLUSiON :-\NO H.ECOMl\JENIJATIONS 

5. 1 C()Hdu~ion 

The design fmd constru.cLkm uf high vC>itagc pCf\,h;r:,;upply at 1501<. V fr<.)m nuv AC rnain 

source using high frequency :=::wilching: COl1"'h~rter method had becn carried out. The resuit 

~md theyh.av~ thc adv<'Ult:1ges of bemg sirnple solid state circuit~~ \vith f~lirly ;';y\v paIts and being 



of ltls work. If higher voltage beyond this work is desired for future wnrk. lhese pieces of 
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APPENDIX 

DESCRIPTION or 
.. §!JS .... }.J.~~~.:~~~Ii}l:.,.§ .. _~ ....... ~ ........ _ ........ ~ ...... ~n~.rr ....... _ ... qQ.,~~r!·.~).I!.' .... _ ....... gA.I.I:: .. (t'i) ..... _ ..... ~~~~r~~:l.f!'r..(~:) .... . 

13 on :lV, 4A Lin~ar "[<-·.10 1 5JKJO.OD .5,OtHH)G 
·"1·ran~&,nner. 

q Rndgt; Rc{;tifi~f No 20CUm 200,00 '" 

3 Ekctrdytic Ci.~padtof No } XL 00 12CUJO 
(35OOrJ< 35V) 

4 12V E.;;;gul.iJtOf 1C No 1 scum 5().{J{} 

5 Resistors 'r.~k> 5 20.00 100.00 

6 .::.; .-::-; 
~/ 0./ ... Timt:'f Ie No 50.no 5(}~(H) 

7 Trandstor( B1rr-)br) '1"'~~J{} '''l 2G3}O 40JJO .. :'. 

~ 
{.' Tnmslst<>r( Metal Oxidt: No J50J}O 350.00 

Senri .. u.mducwr Fidd 
Efk'd Tmnsi~,;tor) 

<} High Vohagc }~rnte COfi.~ No 40,OOn.no 40.0{A}.OO 
·I'm.n:<f~xrneI, i 2/1 fiK ... \l~. 
lOmA. 

10 Hidi Vdl.ag;;: CapiWlJor j" JO 4S0.00 j J,500.00 c 

(IUOOpF, 1 SKY, Miea) 

1 1 Hidl v Vollagc 
.' 

Diode No 30 500.00 lS,oOCU){) 
(UKV, 150ns,) 

12 \./ ;:1ri£,}.:; Trans!brrn:;;y No 15 .. 000.on 1 i/KKU}O 
(O~2g0V, 1,5;\) 

n High V(;!tagt: DC No 25J)OO.On 25,O(l<U}o 
M.dcr 

14 High Voltage No !5,OOO3JO lS.nOn.oo 
:\.nlfllCkY 

.. ';t ...... 

'7.:. 



TO'fAL 


