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This dissertation p *at* a stud of the motor bmzaoatc San~rstor 

tip. tr 	i mm'a.t1pi.rs and desctibss tht designaM dsrslo bt of 

hreatMad barm"t &agerator op.a rtin .i* isM. 

Tb. pdat7 ubjestirs of this smorsiss has been to obtain broadband 

trs u+w 1 	ipitcatton ooasist, tt 4th a good ov raU psxtoxasncs. 

This tr+ qu ay .tiplt.r ma s.stusUy d.. ed,, tsbxtaat.d end tasted. 

Th. scbmatle of this unit 0041011t5 of aat bo 	y to s ins► 

transistor osciiiator toUow*t by a sin L. stage tr.eocy aiirup3.r. 

The output .filter s.s at the intatdtits tjpe with a p band b 34th 

of 200 Jg nsntrs4 at a ; x +racy of 1840109. Tb. The C91 tS dry, 

t+irto4tton au c tosting at the o&&tiut baudpaaa ,f #altar aM trptt ] ,SAW 

filter us doaoribsd to 40 	in this thesis. 

A tr ORC' sultiplisi eonistiss Of those units ►U a ode 
te+athor with the .athing n.t s, was rw S and its Oba"Usistia$ 

at operation wsro studi d* the final ossur.*ant. en the t rq►snc y aulti. 

plir! jadicats ♦ 2 db baMwldtb of LJ5 JRA, with ;rel. other pious and 

hs ase trsu.nci.o mat to taint at 40 db. 
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XMaIiiah, loobs, . Tb. aitbor viaboa to aska4edgs the kind p.z'alastos 

Mid tasi3iti+S prodded by $1 authorities of that toatituto for 

ssrrtn out for s*per1Mrn' . wr*. A. eprvia3 debt of sttt*ade it 

owed to Dr. V.?. LodsU,, how of the $R'ow's solid $tat* ci roults 
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are 0160 due to Professor i.1. ?l., us" of a.mwavo agins.rimg 
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of the his« 

msmtul ippresistioss are also due to all the seebors of Itos+vavi 
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died. ala aun4iy to tt r u4rstb older with. t idurs, t)iss ► , 1ii,iars 
are rove atftsient sad have a W.k power hudUs cap.  .it:. In sd.Utioa 

to WOO the *a tip3ler atraults are was t .isp2+ the. those asis# 

co*II+ ttb**2 irut.re sad the a ro it tta2s1 is also TON a 	aM 

L vrraator din1e is s sr o ' ar devise that to used sa a'sariab3s 

r.scts*c.*trcutt sternest. This 	It providMt 1 the 

Zn.tioa asci aa, iithLh win► s i * fiaxetloa of the spied ,i. a,, Us 
variation of ' asp tfi ca vith eta in sour is the rasa of a r+a tar 

diode anti this nostiosarttj can produce trsa aubstsntisU7 different .US .. 

one of the is the svitoht or stud .ion of a siorowu►a tenet through 

vartattoa of rasstanoa by news of *a azt. 	y atNd WOO  to a *ssant 

*&a#  the oouttnssrflj cause. the generation of herenaic ft.quso*tai of an 

*pPU rd signs]. In the third ca#*$  to slarovave wale of different 

traces ies ss: to applied, rssu1tin in peranotri. asp Ufiest t sad/or up 

conversion of ala of these signals. 

the satire a],. at in a varaator +Mod* eondsts of a ssiconthictor vast 

sentdnii a junc?4o5, usually farad by ditAusioa. the aquivetast circuit. 

at tka %*ter 	s1 	Ia tig, i-1. 	rs. 

Q j is the 3unction aaps..taacs, +bith is a tuictisn of the çLtsd  
voltage. 

1s the 3 rection resistenc., vbish is is shunt with t jsod iteh Is 

die 4 o*tun at bias. 

is the a► ,a resistasa, fah Is, a tuestI.oa of bt sr  includes the 

resistagic. of th esatsoaductor as aim' side of the jaaatisa 
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thXo4h Adcb. the son&stioo +creat passøs aad the nststr 

of the sic #e.#trisa1 oontscts to the ester. But the variatia# 

in % with bias is jm*rW y neg1ttbt. in MINd Mort. 

Valor diodes sst notss3ly ep.satad rj4er f Yer bias, where the Junattois 

►sisteno00 Ubteh Is ox esrtl r 10 *M of sore is *w]igib1e 14 00V4* 

ria with the sisrowave sspsctttr* r.sct.z * of the jwiatton. .herefore, 

the .qui 	circuit t Of 0 rsvare brined w* .r at stcrovam tr uauat.. Is 

•isp3j a oasoitatos sad resistance  series. The .s ira1.,at QUQUit of a 

texver4bizs. t motor at eicrowsve frequsocies is #ea.reW sore  

SUM It mat tn4 # tb# diflu*ton oaps#ttau. of the inner a1 osrrisrs as 

v.11 as the .fr ect of these e*rrt.rø en the GoaduetsAcs of the esiao ot0r 

When oeratin " a f.{uan+ ► sdtipU#r, the ro t#At motor mat anti+# 

axes off wq as a it .i.i, power Alin ospa litr + , in s OPPIU* 

eats,, the 3insutt r at power output with obanes in input pmt. Tb. 

•ftttezzcy of 4 vsr"to# to a 1unatton at the cutoff triusoq of the devise 

wht b In tarn it dept on the diode fifty factor. The quality factor 

Qj at a sp*o ' bias V sn4 tr usnci is given as 

,q a~ 	.. «w.,.. . 

er 
iorMgh q device, R ai d 'e eawta s y 1OW. *utter Is slow ].5t 

on it's ,&u# wMeh oSnt be fisher reduced for a psrtioclar reverse br&tm 

d•, velmoi. 
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Th. out -aft two r is sf1ae4 as that taeqisensy of *lob Citi tooter 

Lr unit. aoordios3 , th. OKtE4SZ fs+~qus sj t $ spouitIad bias T a 

t%? * S ITReCjV 

The power handZtng Qapabi11t7 of the nzsatez is given 

$ 

where 	is the br.*dos► tAgo of the J etiOn4 

for * Z*x*o power hoedUag . bU tt , it Is desirable to sake 	as lar* 

as poastblaj vhioh in turn 	irw the r*4s tivity of 	sr ns 

jt ion to be high. got a hl4h ,wrtstivttt 10.4* to a SI*tIV4 UO 

which In turn lowers the Q factor and dtistaco7 of the moo. Therstors, 

the venctor dodo dos:g ► aosi~►r is r +tree bsty high power 

bas1i,a p*biltty *A1Ngk aft ioi+ . 

Is aenwaUnnal verestoru, the 4is].etda spasItanoe iuria. s to 
"nrLeg width of ds .tion region. A sobenotla of a high fraquassy 4 p1.tton 

is rsr vwmwwr to shown is fit* 1.2 ► 

For ferrd voltages, the 400tr s of the asdi arsta2rdoped s.tfla region  

oatelA arcs 6 distance A L and os 1y ods% all of theIpitaii*t IVW in 

ordtnarj Vorstiss. The aepsetty of the diode in this *t*t,* Li given bar 
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6" 0" to Vito i*rp before apptestsbli seoustr at elus penetrate the 

swrairtai 'barrise' +" intro *• low$ 

pop #►e* rw►sra wltsso, the eauretsrs are m.opt Out of the entire s.4jps 

rs taa, itab for .pt 	dee ► *.1y eaun at reverse p two just 

later av&UoW . breskrnm. Zsn the s.putty of the jotios ass be written 

cwt 

q. * 

r 

lb" the Iplettos 31yt.r vrutor enbibits a 	ice* that iaiss with 

.sth*atii4 pnot for btch is given In the t W A440 i,M. The asia 

di.M 	of suCh types of Pmzsoais gensrstore Is that. the output to 

net pripostioM1 to 	ixut. 

The senwattoasi ntastoea ccmnosy used ire of two mow - 

10  Abrupt- ,swots diode 

sw Oradedi.juaatioI1 4jo4S. 	 ti 

The abrupt or stop junottos has a +a rm resistivity near the dVl n►. 
.g ► uhtfb sinus that, the dtptig changes 'w '3y Ston an ecem of 

soptst. to as ensue of dour. at the junottos. this resistivity or 
U"LAI ps+fiX. i t to 40 ievsrs. gip+ ► deposta o. at the juestian  

0 it's*O* is two Matj• givrin b 

7 

a. 



Ifs Io is the sI Q . 0 at "" bias deteatsed by the Iapirity 

ad d.piej levla aM the g ownciail matig rattoA aM 

the riruetuts of the diMe. 

0 Is the  asatast pet. tis., fah appears seross the jw*ttio* 

is the abse ce of soy 40 ' sd Vii• 

t is the vo3 • seroas the Ods (rov.re. bias) 

loth the dsgt rad the resits atty profiles are sbowshown 1► flat 1.3. It t1 

tit that with the *puotJAn diode ezeapt tot the dau3»ar, it Is 

iissib1e to giawat. i reads rim idlers, the asthstiasi proof of 

vbiOh it givam is Chapter 11. 

The g 4+ J tio* has ntapurity consastratica that decreases Itheaxlly 

so the dsplsttos ,egioo 1t apprmshed. this resistivity 01 IJ urItj p"tile 

lomW to as idv ss thtrd.powsr dopsodezice of the jmsltos espsoJtsflo. a t 

the 	 • guass by 

C 

TI* grsds$4ssstioa diM.. heve Usk Power hia]tog smpabLu ly siaos r O. 

dusty pejs sear the depletion rijior which giv high breandow'i* "llf0. 

This high brim oltags contributes t.a 	paves b 	v sbtU . 

&rekst$) .a* sohatt #) have is ! that th► diOde SrsIInCy aMitipliete 
eapl.oyiag sisesi*y ssrrsss iisvg• stazags offset hews a .aAV9110res, Which 
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is mpui.r to that at the serss. MOUR diode. 41*aje ste N. reev is 

tsca d MM the israstor into farwasd volt"* rsLis. When the diode in 

t nrard $*Mdr  the ohsrgM earri.rs tics am rsiios ax. West" Into the 

ether to tors stncrit 	lers. - 'tea sirity earners are df.cttvely  

stored ybaxpe .4tributit* to jsm#tian 0 ? . as« This stored a#ang 
is iasov.d by r.ørs. cur t, d rieg the two"o.  bias, TMrWt Wp the 

satt s+wr agent f.Us abrup 	this sdøt eseention of ri a currest 

predeas. charge 4isn4inuit7 ""Onsib3,a for harsouio fr 	ioa. 

top xsoo.ry diodes are optiai.4 for 	t chsrg. storage 'mar tarvsrd 

current aeosist.it vithi (LI + rntro1 Et release of the stored charge (as 
levers. au + ) sad (2) fast tranettico tree ar 	►. aanr nt aooductias to 

the soat r.v.rs..btu øonditio..  

Alwwgh the capiottano. of a stop reoov , diode vWts 4th r,vs *-bi.ss 

the affect is ass].] 	a# valy untortant e a rs% to the diftareno. is 

charge wands b+ sin torsXd and reverse pa2a .+s (fad[ charge Storage 

is the stop racov.r died I.e tjpicaU Ø4  . 1O tin.. greater 'fie in th r 

reverse dic t 	. 

When the forward itoled Virga has be 	 t*tid by Teves. curMt sod  

soba resp tr*t o, to rsv.rse current f'aUe abrin ant the diode 

it's I.vsrs.-bta. *nLwLsat circuit of a vetoer in Series with a eartibi. 

p ros. Tb. tie cunt Use begins to *bans the evereebiss b 

saps tom►• of the diodes Therseftax, the diode ► to as a pusive streirit 

sle nt w+tU the neat reveres]. 	 * Ltsg. raox 	the diode, When a largo 
s1,ielia1 Voltage sigma is spp3ted to mush a ate, hissed so" saxe, the 

sunsat t* ih diod. foils+sr a wavefots shoe Is fig, .4. 
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With an sptla* len#p of the UgUitt prat lO, the taosoit ►* tie. sq 

to MAAO ,1/17 W Mi.1 (flim to i t v piadsen.ne) the to si# l period, ttht*h 

sq to Viewed as a h.ie.11t4..!#oh evitobtog t east, psxsits an a$pro sb 

to f?sq uene7 1 t't$. w&ttOD that Is subs' t1, 	Covent In oospt 

tree the 1*lusl amoto! ovemuose 

the iso otONj* V&M@Wn have opwi .y 1r ►dsd Jaticns. the nesiatirty 

ptattXs of thus. spsolal gt sd*d ucttcas adds the step racoirery property 

bio the electric fields s*t vp by the steep resistivity gradient are a 

short dtstaaoe, abent 0.2 eu ,p syr f 	'tbe center of the 4o sttoo rsgtaas. 

this hasps the ,!Horn; carriers a@** to the deplotton ion rather thao 

p+aitttog thew to mot to rsadoa depths In the apposite rtons. Ihos, when 

the veltag. is "VUV"#  they return to their point of origin. 

A more toportant tlgu, o of sent for stop recovery diodes is the ratio at 
alacrity Santer llto tie. to the transition tin.. This ttgtizs of asrit raid 

to very high for .fttoisat operation. $moo if etnority pier lit. tie. Is 
)Ong Ocapan d to an a.t p t►Io 4 	act. ec rsi which art ,tor M end*r 

forward bias are fully nscov.rM by aerse ►urreat without say 40111149  

sosoo+tsstloa. 

';moo stop sec.,Str property also results In a d vtcs with sore linear power 

sbsrsst .otlas b se the percentage of hr nio-QUr$*% 9O4OV*ttas to sat 

a fuustta of the aipaa3. I*Vol, It Is a tttastion only of the wavefors and 

the abrupt . of the 8 oltn. of the r rso + irraat. Lod it o.lt-UWP. 
Is usployad, 

 

as it should be for linearith the shape of the current yam 

taMe. !oaetaklt ever a .gniidstsble poet input rugs. Further, the eitciUit 

d,tu*1flg cit eats iiob +s uur xtth abuges In the bias low are rl ' s.* 

because of the relative insensitivity at the ospseitaus. to valttge Obafta . 

12 
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lath charge st.rr . cad stop rsocv riy add to the power bs'41isg sapablu 

lity of the nrarntors. an" oars is stored duriog forward wiiags and 

aet his d, hue the vs31tsgs swlsg is !lot llWtad to be bstwe.a situ 

volts and bxsak o a ,.tsgs, C osstder t is torwsz-4 lt.o cad th br*, 
cawworabit extra pivot beecass of the lams currents Lflielvsd, ass to 

tolerated wither# 4is4pa 	excess ,Pater is the vsrsctor. in addittos, 

to sti#ats step MOVOI uii , the r*stsbiwit3r suit p*k nest the dspietias 

xVloas 'may the broaMo** cage Is high bsssu a of its depsadesce as 

the r sttvity sad this l b breakdown voltage s o trt *►tvs to* high Wit:, 

headliag ospabiity, 

$acasio are generated whex a d a o ,dal source drives a aothzar isp..» 

dense i.e. to ied.nss wbas* r.sist.nef,, oapuitc. of tx2duet.nn. varier 

with the surrrest or voltage as a souse. t iotioa the oonlln+wr tS S•• 

Wce at a essicadustar diode boo basS used OAMSIVoly to gener'aate a iu 

yrs wavy zrsqusrst+s«  lQVOV*r, i.(') has shows but the dtiolaoy at 
a sasl3asar.rastst.ne. barn sic giartsbot earn art The greater than 	, wheys, 

► is the srdo at the kaaesis:. +fir► to 0040 inherest in the resistance, 

Os the ether hood e e energy stems a' ioso, surportsd by the ielations  
of 	t$),, 	r 	t . , 	,r i 	4004 alba sols th aw 

as*tiib tt. .say late 6 baseless aeaUaasr teastenc. *ash he .save ! into 

er at baweosis is le st the driving tx.qana.y.. Xdcily swab a 
4to4$► asr not convert syr of the ins.tdest pases tats do parer, car doss it 

dissipate cay pewsi. Snob gaserstors have basso. preatiesbis bis of the 

sysibsbU4tty of high Quality vr"Urs and stop a.00viry diodes. 
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I,*rte 	ti 	aW ups M c rr~ 	rr~► r►c t 	LIQ 

The sram#ir Jwottos w►a t o* (C j) vsrt.s i .c dsna. 4th the  

03 s 	« 

wheic 	Y is .sees 	(segtri.srtty pem+ r) d xeil2sd bi 

the tiçwrttr ,t. i . 

- Va . Zr abrupt Jt 4, diodes 

a 2/3 for grMad 3w oUo diad. 

a 0 for Stop recovery dimer 

sad T, , is the applied veltsga,► 

A ttea2. Put at the J .ttee eapseitanos srsus bias c1 . to aheim 

is rise 1.3(i). th.s,s MlRst a ( l d* N .c r+ s) S(T) a 

L. 

VI 

wb re ' ,s is the reveres b 	tss 

Md q is the sterad thee.. 
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*q"ti ► (3.8) iw a► good s,►r"iutt+ for bs biased diodes oa►r. 
no Nr cent is Paver for positive values of list whs rs tbe  

d,t.Asslar *"pasi 	w is S1AUi0ait. 

"tis (1.$) is a good +prru'Awto oo for f 	►nci s shoo+. sbo:ity 

•sr Tier 1Usti ► is loo vo urid to r.9 .period. 

'1x integrating 3 ■ àl +A►  usiog s stton (i+5), we 8,44 

£r T _< 0 e q, < t 	... 0 (i.7) 

sod 
T oof for q>,'fid 

r►a ► 	(positive) is the chargs staged +4 T 

&rpt QS (skossuve) is u i erg. stored at t.tiS b:us dvrn (v * T . 

5m is the ccn tion* rarsetoze are noraU,j operated imdir reverse bias, 

by rostriot ft to voltge op.ra.tioa v 0 

lquation (i.7) can be WrAU n its 

i.h•rs a * 	 'U,,.,, 	 (i40) 

It the +shads is sooatrdosd to be a sin4e siinse14, then 

4 a  Q0 	q OnWV 	 0*i•#. 	 (i.a3.) 

u ttere 	iS 	sr«rarw 1a*. of the sorer ohargs or hips WWJIO. 

16 
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11 ,U4is +rqr t 	(3.9) foxy, +s burrs 

i 	= ~r 	 ~r 	 ...• 	(tell) 

*~ 

s 	L • 	*t!• ----_ 	 .. . . * 	(3.33) 

is t i. ams rlu. of *.C. • ►tsfla5. 

cosbtxda + 	t erta. ( .1L) , (U 	and (1.34), to taay°1► 

 swot] 	 ) 

~ S 	r In a biaaia3 ergs, W* kisis  

it11W,!! (-- $ *i*~,t ••"i (1.1$) 
33 	4*Q.J 	

J 

Thi it is sssuz fros tha vs analysis that volt"" at sU braranio 

tssqii.r►oi+ 6 .pp.nx at tha output 0140 tbol4h tb. sha, ,s is oaia*tisin.d to 

bs a .t i 01=40 .. 



1.m alt; t3 LTTUU WING STS EUOVERY DIoLS 

The stop recovery diode is a highly non-linear element in that the torwsxd 

stored charge results in .a low device lapsdmOs, il. the tsysrss stored 

charge gives high is enol. This, during a noswi drive cycle, the 

impedance varies as a tinction of ties,  dendiOg an the charge. The 

conductivity variation for this diode during reverse recovery approxia les 

a stop function. The transition trce reverse storage conduction to cut 

oft can occur in ,fit a nanoseconds  and It produces associated discon. 

tinuitiss up to about an ompors &Wor a issidredvoltS. This stop rWV#a 

astloo converts its the soar" of each input ayc ,s into a narrow, lags 

saplituds, voltage pulse that occurs tutus per input cycle. An idea tapul* • 

(t. s, a phase having infinite height,, 	' tssimal width and natty area) 

has a frequency r aped soatatatag .31 trscct s. 

The ideal stop recovery diode Characteristic is shown in fig. 1.6. Mare, 

because of the intrinsic cooter region, the capacitance as a function of 

revers voltage would be a constant, and the diffusion capacitance In the 

forward direati,.n is very large. 11g. 1.T(a) and 1.1(b) show the equivalent 

circuits of a step recovery diads daring conduction and depletion (''lapels.°) 

intervals. 

The Impulse generator circuit (l -.8) Consists of a voltage generator,, 

a drive inductance, the 3$1 (the time varying eleasot), a bias battery#  

and the load. There are two equivalent circuits Of the impulse g.nerattorl 

one for the ties during which the diode is in its low irpsdanci state, and 

C• 
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the other for the tiss when the diode is ia its high tipedsass state. 

Cnreat and vital• waveforms or the ase dsnusur an abi ma is 
tld. 2.9. The first trims shows the oosduction i*t rval; the sesoAd, 

the diplst lateral; and the third tri shows the second s q lato 

1453* OOID TIO I TEL ► 

Durisi the c sduOtioniat rr i ( -us 	fes), the . el sat eirc*tt 
($ig.i.o 6) is an in4uotsnoe, a bstt.r,  r, andthe gs for Iioss Tolteg. 

is a B3r(c~% ; d) . Thiut optthrough the inductince 1. 1r 

i t 	I'a • 	!tom ~. •.cc. (L$+ oO 	LLI W t ..(2.21) 

where # is the contact pot snttal of the diods. this current consists 

at t o terms. T firet tr en i tis. v u., I* , ter► s od is a 

sinusoidal cmpoeit of + r're t, and the third is a linear rap term da o 
to the bias battery. 1)4* current waveform is shoi* in fig.1.I. When the 

two arena, above and below the ! * 0 skis, are equal,  it 064 be stated 

that all the, ehsr. stored ia the diads during forward purr i6 recovered  

fu113. At the instant this tø true, the 	 .vale circuit will chs'** 

to the depleted 14as*r equivalent, as sbn in Jig.l.8 (b) PW 

the vsltsgr MOM$ the dW* during the coudueting mer will sifl7 be 

the costast potential of the diode (about 0.# its for *111a a diads). 

22 
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It is teuDd oat b7 adjustisi the him .uolt.41, To the stored laws* SM 

be ,mused to S CI at the sum wk the amus his it. izIa *uiitive 

era u% i«e«„ 	. CQ the rltagu aarnr. the 41 and induotor ter► #h*t 

bitch woo This is turs tum #Mne that at the 	of t s d..ttos 

istfr II •, the - 	i 	UIM It the g uts,.' ` ' I .t*,e Is ea.3 NA 

OPPOGIt• is stan to the r'sttsr 	tage, V. Th u., the ge.aiatoi Is 

imgle.t.4 during theOjq"A s of 4 tilt p► 	v4 . as 10 La 

t1. 245 (0) . 

The output 	qs, +gyp SCIOn amM the curirimt 1L in the iaittor are 

buM bros Uss. etreatt snsl t s i4th senetsat pstse.tsn , 0 I. 	. 

ala 	~ ~ 	 II?:;~  

 (disping brutes 

the vatrje,, s 	piring Saross & is $ b3$ One pulse, the height of 

vhi b is 1Jatte to the breakdown M1 . of the Bodes sn th* vidt.b is 

.aattaU.d by *„ 0 I. end G4, the 	re 	h t p 0 is 

24 



Th. "MabIL is the !, ►etas, L, ,io* the d+ eti * irterVal to 

deter by iatsxatiai the vsltge that apPetre aere it« Thy 

tats rad es issiLts ia taw 'e12 v$aj acPre 	for '+fie in ur a r.*t 

This +*treat is about it the eesead tree of tie. I.#. 

L 	Ict or L 

F ipsstxsl ssnts t d the 1U1e. ass be t* 	b7 t+0~11rIGr 5171i1.. 

Assam that the iAss tsre,.d to a pert est 	 $lie pulse of loaded 

,h.tght .*l tO lb o the 	it , a& I Qt th. 	e , 	l$i S7 "So , 

film tsto4asto11ovssIs  

orr1 to tis. 1. 10 

rye * ., tt Slept 	for 	to s 4 'Re t - tp em + 	(1.91) 

r0 	for t 0 tp 	e $ 	 .... 	3.2* 

The Alternate tore at testier seriIS ss be writt.n as 

The Marler eo.fCiet an is a IOl.i ager defined as 

a* • ½.3b5  • 	% r to . e j &a  	(3*34) 

t + lyi~ 	is the esire4 wiywlits s upestswt .. (3.li) 
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aM 	
Gla a Uri (-Z) ,xsp,xrs.*ts pbv* *iax"torlrtias to (3.U) 

\~a 

sow 

%s4 

r ho" 	7 a IV %* ,perw a ' fi" ► ` 
a a hs**oale of fin 
I ► T/ap 

'gyp a pas, rah 

as 	a 	, 'L • 40 t~. 	Gas TT 

	

+ 4., Tf 	a 	1 	(T.~~!.~~ 	3t (TIS 
~fTN 	 1Tx 	\1/ 	1 

i'hr»fen~ 

I 	~~.•....  
1t 

Vs C ) 



TF or 	Ga  - !,a  
Is th. dii.rod *.plituds 

#peatr 	.....  (leis) 
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C0 a  

A flab of ` 	(tb. FouxtoX liplitud. ooaditstoatb) is bho m n tig.i.lt. 
0 

no Fourier iat.ra1, vbioh is tbo sftIs]lpo of tho Uwe +w*  his its 

first s.ro at $1 tin, Tbo mflaV at the lii. sp.otra hetwian +fir 
We arb'ltmW 1 ass is d. ►i*1 by ths pu3rs width. Iazrow.r the p ul s+# 
the h1#bor is the first • son orgsian", In  the 1 t If it were pbisicsllir 

posstbl. sire palso width weld oorrarpQnd to a flat *plit*4* line *p cum 

t. t *°a . 
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• r . ; -n11  

i to1N►VS solid itsts scuross *OUR* kik  r iabi3.itr, s sa sidle *5 

6~9 oso4.itiou mem mtrrid is specs sod siu+. pro$rus. løzsø of 

thy' rizu.d Msostl'uCti=I. 3NlpoVSX .uau*ptios., hljbt vsight aid + l 

$too#  sxsster stipZtsrs us tiler . tt felt this 	 ►t r.iraS4tc 

T pis4 pw6r + 	of the order or $*Tent vatto in I. bank "d *over" 

hritrids of atUiwstta at a.baM are tsutM3. My su .prswt is rt *' 

+fid Brei row"" "Oft ttplisr t.chno1a, . For . Uleit tom order 

t uuq wAttgu ttos with doter shims, .a +w' idler atreutti an 

.ssuttst. Those est its,. h ws r p t one dtttLsuit pao'ls 

t +aosid.ring brradbs d. oppli.oetios.. U QWOft have s high 4, the 

sttt.is.c r would be , °° but the Width is 1I.ttod to cc. or two part. 

Hh a► the Q It lowsrsd to rsc ilita t w brnder bsadwtdth, the srtiois.e7 

drops blouse of the idler lessee. ewove, step reussr diodes bsia  

rich it high order b**soois., ltipl3 i0 the rdrl►th order with sftides 

•t better them 1/8 without idlers. The r.a4ting sirsuit sispliefty tree  

eiitttiog thee. More leeds to as us. of sod freedom from p, ►tea 

esealatias. and  apustows tvmqu+s se. 

r r= 	 i, !'I 	 fl 	 to 	+ 	s. ,1?  t, 	s , 	k h  
-  

Iu .wooer. kezeonie s« rstou, We  4JS 	sods. or .p stto* are asmtbl. 

in so* seas, say the rarraustaZ sad the desired huaccio frsq.aq a st* 



are sUw. to 11ev in the varastor, whit. Ia the $mad u etl 

•s1Mtrd hsa.ai. lurt.1t alai flaw the latter s* kawn as tdUag 
urswAi it eiily '1 3 ars'. The otttdiinetis obtalarhte uiag tdlus 

are h gPa! this the co rewwais effi4afteiis vtthout idlers, this 
iserussi is dtisiieo bsis obtaiaad at the copse of increased circuit 

The noaUlr r ra)aweit 	- .tsse law of the vars.tor to daser bed ij an 

•gsatlan of Us 	s.  

C(v) °' 	
#.fif 	 (14) 
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Aw* Y is the spltad *ltsp 

and 0 Is the oontast potistial of the Jonathon. 

At ir►miia b.rud+rx 	t#g. V 

C(t) a  ova 

L.ttin.. Vo * Øi73 • we Siad 
y Y 

U(v)  a  

0 

MW 

a 	JG(v) dv 
Y 

S. 

i..Y 



Wwa y a V, th• va tsg! soxsa tbs Juts is sus +sl t*tsCcrs us 

•tisrg. is A.• srt+, wblob isves k to 0, .o test 

Y 
( 1.4, x ) 

Its sl rr at Lbs t vsres br Mdo* ve t* ., Vi IS SIV" 0y 

* 	 ++mow+ 	(2.4) 
(2.Y) 

70 
1 ,•Y 

Siva 
V V3 'I 	4N 

( 	

2JI) 	.., 

a ts+s a : * £mow s to a.o 40pr at as e 6;ti mt 

no ~ ~► to y► 	#od - is + a IA '; ,o .4. iU. t , 	1 	ars 
$a" *M% Lbs wse at the tuft t:aq y► Lj *quit +cam flow is 

tept oift%tt# d.1' 	o'mt at 	 X co + $j 3 

the s*1~►ut 41"Id . 4. aM 	se ttoj $Mwsta*ess for tuedat4  

oM oufi"% trevub etes, 	pest .vim . 
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Fi G. 2.1. 

C IRcur r OF VARACTOR NA-RMONTC 

GENERA?ORS y\!L1HOVr LEERS 



Lot ibo ohari• on the vaxactot at thi tnn4set4 friqu*aoym 9„ r. b+ 

gives by 

Ql •Sce e w t 

so that 

h1 a c qL31Awt 

$1*1 arlr, for output aisanti~, 

{ 	a , fo$ (N)t . & 

and 	18 a Is ola (i w , • e- 

04CO er is th. tftttis pso + .s boWsraa ii aad Zg. 

for OSZlIIw Osr o swto, tho .t.rnatint cbe 000podants SWt off. 

about J2 t 

I►saa., frog squattos (aM , 

a 

rr * 	a oto   

Ii .. L i 	490 w iD 	M 'iii oo 8 c.w i r e 

°L 
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lac 	ink this sspr.MLoa as a Fourier series, we have 

00 

	

'r w w 0.R 	♦ i (S so/" W tr s BIG YLW ) ..,(*.V) 

vkw. a sad b us givenby 

 

It  a 

.r .. 	+ 2rw •os w t 2L OO (1 4 + )~ coon cjt d( ò t) IrL '/2 	tl 
(2.8) 

11 

a* s .. .. 	. SL o s c.~t «. 	.os (N wt * e j 	'n wt d( 6. t 
cwz 

Writes the oizu.4 sgU&UGus, we tiapd 

S4$in{Wfk +oc) ~s &I (, *i~) sinwt . i1L,w.cosWt 

s ,. „w 	c~ 	♦  	s W t 	.... 	(3.10) 

rpiaf~iwt +- by9i4 $wt 
s 

a Is (1 • as) 83a (U w t . e-) • is 	N cO eoa(E)t • e- ) 

...... 	(IOU) 



*a CILCULATIOI C,_e7XGIC1 

It will be sssmed tha.t *MIMS . fieisnoy aware w both mat and 

out of r~muits are tar 	at the fuedaunt4 and haraoaio frsqusnci**, 

,ss,estivsti, Moaanos in the input oircutt Is dstiaid (at a psrti+u,sr 

drive 1*wa) as the condition is fah #be (soal►in+Mar) iaiat i6aece 

is ps rsir real. 1istio. (1.10) thea , ivsa 

0 	 L—w.r„r,~ ""."""' 	 • w. a 4 s 	(1.11) 
ij 

For r onam. in the output circ it, the desirable 000ditlOfl is that the 

rant► possible power should be developed. in the 1004 resistance, for * 

gig value or the post tage sppsaztot yrs the varsetor. The peak 

voltage for a &t'e 'vie of sit is ♦ tts:abic► of the phase 4040 of the 

output shy a. 	* the problse 1s .ssant ii nalinesr, spa direst astbod 

*cists for d.berai 	the apiiue phase condition in the output oirauti. 

Mev ►r,, If a '3tns*rised' rasosanca eoadttion, as described below is eros, 

results vbioh differ by only a small amount fry the true optima can be 

found, 

The l 1io. ri$* N resp condition soloists in *MUSS . that the inductance 

is the output circuit Is chossa to resonate 4th am* '3.ffsotiv " esp 

taace, shtab to a fsaottoa of the drive l,i.1 « at the output fr + :. 

the wlt " gives tW ($ acs I, t + +b at* • W t) is coo cad of two p+ N, 

one a function of q. and *ar indent of W . Tbs portion u+epmo+s*t 

36 



qq aq be ssSa sd as a saestaat vs1ta• gassratox as far as tb 
Io 	is to .pass 	: sed th+ rssa3. r syrtss.ntr the valtsjs across 

a &"Uss.s lave"ass. u 0r ,ostion 1M. 	at ~►t , IS r 000 1 bi t 

+ In lit 2 w t), that "Unasrtaee" resists.. assure whit tbo at hank os. 
eurr..t is in pMse with this volt".. This strw *s.nt is Ikfl for 
th..utpat •wait is fij, 1.2. 

. L. 	1 0 3., GDS W 1~ ' aar I t d(wt) ..... 	(2.14) 
-rtJ_ Qb/a 

n  

T 

* 	. + SCo. Wt 	min $ W t 4(w t) «. . 	(2,15) 
2 

auto 1 • 	is an ~n tUfQtiQ* Of Cd t, In it a m * 
cm/a)  

34"ttaa (2.10) for %ta •utp t circuit can not be written as 

~. 	b►1 $la 1 W t * 	'LI l C) wir (scot t ) 

• 4 (As * ) Sis ($o t ,& ) 

1 w, Lime* - its is i*d.p+ ndist of 1s , we raq* rs or ret, that 
have 00 sass plow as N u Z J co* I t, whica bi t 8' a 	sod 

• 
am 
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FIG. 2.2 EQUIVALENT OUTPUT CIRCUIT 
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Ps a .at 	(a.kt), It If 1I Oat AS is wj►ttø, If $ is Ovsft 

aed k1 Is posttivs v ha N !s pal. 

At t►x* ., 

,.,.,,ova kA 5O$i K c~ ;t, 	a 	Akio-!-(.uLg)co.$0it 

if Aii is a attv.• the a atiYs øi4* spp2i.s in the list tams so that 

vob1 

CV 

L'stintog sftisI.ncy is 

IIs 
 

Mrwil*blO peer' trcs suras 

Via v 
2 	 I 

Output poi 	. 	1w 	, 	a '
rI 1sc  

Avsilsbl• pew Zr.. Uie sour.. a 



So 
4L1V02 Na 

2a° ( „ ; ;dye) a i1(O t j ♦ . °..b~ 

Optimising 'efficiency with respect to & , gives; 

Va bl 
a = a + ------ 	....... 	(2.17) 

so that 

a a I : 	m .... 2 	....~.,..... , 	..,..._J_ o 
2 	j, 	R~,+ Be 	as+ 	b1 	.... 	j2.18 

Introducing the following normalizations 

2 q1 

qB 

2 q 	= pN 
Qs 

r... 	a$ a5 

and 	E 	- -.--_ 	( fundMnntal frequency Q factor of the 

	

r  :'~ 	diode at the reverse breakdown voltage) 

C') 



Substituting these in eq. (2.3.8) and using eqn. (2.4) 

rr 	2 F2 8 	 e 
2' P1 t a l + ) ' 	P m+ Q b3.)aL 	C "1 1 	F b  

2.34 ABRUPT - JUNCTION CASE 

Substituting a 2 In the expression for 9 - 'VB , we have 

v 	= V i 1 	ql caa t 	co_,.. ~'. t: ~3 2 

	

2 	qB/2 • 	c/2 	/ j 

or 

X31 coo t 	9g cos (N c t *~ 2 
Vo 	22 

L 	
/2 	49/2 

Froa Eqn. (2.20) it is obvious that in the case of an abrt,t junction 

diode there will be no output at frequencies other than the second harmonic. 

2.26 NALROW BAND VA.8ACTOR ZULTIP .I ° WITH I= 3t1• .) a (15) 

Fig.. 2.3 	shown the equivalent circuit of a harmonic generator with idlers. 

The filters are such that the i1 filter allows current only at the 	ith' 

harmonic to flow. 
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Let the scan ahirje as tb. moi* be % a m the Lam` bem s e esr~e 

Qs 'a qs, 00s {i W t + 

Xi a ► i. W q, * (i w 4 • &" 1) 0 Z j Stu (ILI) -" &"$) 

&"ani©a (3.5) thou Ovo* 

pD 	
iW + fi r 

D[ a 94/ 

(2.21) 

wh.r the mm.it on is taJen over 11 t*aar iv currents vhiah are "wod to 

flaw, Budin$ the utprat tie j. !pai4isg this . pxsssioa as s 
Fourier series, we have 

T (* so$ a wi • lip, ais a c ')  
Wd 

I 

•e a be are itv.n by 

 

sad 

be 	
q, oras 	~l+ta iW#w+ s. ~► L 	f 	.~..~.~.,,. 0000 21 .~. 	... 	+ 

• 4044 
 (2.24) 



w ritiM eta si "it •u*ticms, . ti 

(s a..9wt. b SinNCL)t) r i ( # 	) Sin ($cot $ 

iX ,X NWOOS (sW + 

and st law t' faqusaq 

(.cos iWt * bjS i(i.>t ) a 	$2n( iwt + ®' 

+ , iiIw4*0(iwt &j) 	*.w.«.. 	(246) 

L.sonattni tha input oft for rnazia+t'tici*aoy vegaUts 

2a 6) 1ti 
1 

eo eee 

ktxoibuin6 the foUowin6 o► 1isatic*J 

s~ •~ 



1 ►? f'or opt power tra.nsf.z at a SUM pay.r ..v 2, trot t.'b. Mnftt" 
to 	vsataotor, the g.usrstot r si.t r abo ld be aid. iqwm. to the (400- 

Sut tapodsnce it the psz'ttcui.sr drive oval. Vwx or. frea 

(3025) 

,w. 	 b 

*wad .gt*stton (2.28) become► 
~t 	 b 

4i 
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tai tls Nor"] isit* * g&"& abow, •q 	ns (2.2$) and (2.261 bates. 

rx$om*'Wt +hsltNWfkj* 	( 	.1)SI►{ zs+ (i'4) 

sad 

= s (I O) t + & J.) 

* 1.,s `0'  
	Wr 	 ..... 	(2632)Vt, 

a.srzsngli is. (2.32) aim 

t ;:.)* 	'rt,''t°°'t" bj3.ta) .... 	(2.34) 

The pov in the loni is 	.. , sad, defining the .ttimiomw as the 

ratio of the power is the 	 l to the wilable pour Pres the source 

we have 

its  $ 



But s • it is sssss d thst tho s t is sat. Od 

is a * Ii I1t 

mM 

Frog► 	(2.31) tbis oss 

r 

Substitutis tho istehod t 3 us tar 	tics sas+ ►s ($,*) 

e 
	(a* S 	by sss 	2 	. .... (2.35) 

PI, ( + k  

lxpr toss for dfioisiioj gig is squs%ions (2.1$) sal (235) 0a" be 
solvad for opsisl oases of abr%Qt and jx'adsd 3w tions- '~ vs PI and  

I is f/ts plots tar tito ass+.es with ss without 1.rs s* gig is 
references (i0) and (U), aspsstivrlj. tic, the shove given PIOU# it it 
found that an sbrspt ,~unoti+om veractor with a second hassock 143.r is asst 
.tticiimt for tripler or quadruple. This is because the sssacUal doubling 

4; 
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action is Met efficient with an abry t janction. A. inorrru« in otfici. a r 

tram 15t to 44% is obtained in the case of a graded Juaot4os tripler, waing  

nd buacais rev, wbil• an abrupt jwation'aril.+? Pith opts load 

sod **"ad bsraoaic Idler yields tl % sfz tatanao. 

$sst water atirlisr chain. are narrow band. aesonant circuits of 

hatted bmsdw4dth are used as input 	" circuits for individual stag... 

Althoujh individual stages can be built with. sod srmte bandwidths; however, 

whin a nuabsr of aultipliars are cascaded,  the resultant obuine b c. um%m11 j 

V017 #arx*w". 

Prssat verdator and SAD su]tL?U.r tsohao,;Lo r protides instantanacue band.  

width* of the order of 144 to 304 with tulle stable output power with 

to VYD and t "rat r* variations. Large nwaber of low false aitIp3t.rs 

have been built with . 5 to 304 baodwr dt s, 60 to !0 db tu *ani.c + urt u 0 

rejection, and 	 .tw freedom tri spurious Osculation of e r 3* 1 VS1. 

Tbo usual approach to increase the tii 	rvige is to replace the Iiaiple 

input and utpqt toned circuit. of mob harmonic generator by sore ccsplwe 

antehing nstworjca, thus inarsasing their individual bandwidths and hsoue 

bandwidth of the ab 

The blo* sctamatie of * basic brosaand harmonic gaawatur 1r shown in 

tig.a:4. the networks K, $ end V& are linear and passive. Nj Mat e 

the diode to %he scum, at the iaput frequency, and $ , the load to the 

diods at, the eutut frequency. $3  enables any desired 'idler trogaam474  

current. to flow through the diode. For erisap1• in 33a lost 	pier circuit; 
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12 sad up Msh twssist of a ospscitor rad on induotor,  r web 

#oisther with the diode are in series rosonsnss at the input trsgQ o,,, 

the third Uftento err the s.eond haxso*is tespoenvsI;. To MaUdse the 
conversion stfistaiojr, actual circuits tend to b more easpiSi. tirstlj 

the. is as obvious asoss.ttj of resistively matsb ag the cttoutt to both 

source and load* 	c►sdly, the flour at input and idler fro"aio u rafliot. 

is th. mad sad of the output and idiot tsar 	cants in the sours., 

.fit be prslsntad. 

It is onor .y gyrosa dersd possible to nonstrast cheiw of barsonic;sac -

rate s givsa tut output rs pones ( ► db) ov.rslO4traqu.nq ranio at 

S band sad over 5% rss at Z.baod by usia 	tiv siap►s vi itis for 

00 netvoz t* 1k,, $a and 93 of such cls jssrtor. for aobisvtnn 

ar ea bev" the, the prop ►r syatbcrsie teaaiiuu,, ba*sd os the analysis 

of Sq&(U) s" fsa.o 	are .*ocaissry. Such taaaatq** have already bs.a 
applied to the reiatsi, .ate is p:rablass +rsssn tOrld 16 psroastris rwp]. l~rn i+t 

and tsousaay s.nr'artwrs~ `), for whish Au4sssntd bandwidth UMt*ttons 

have boom d 	1. i"hsss itattatloas are dstxotn.d In the saws WAY for 

harmonic $40wators. 

The dwtdth it a a»ti ws *ultipUar ,s liattad, tund.atall7, by the 
requiraasnt that sa mors than one barsoalo s 3A appear at the output siml-

twgq w ly, MfsXtti to tie. *J, the 3iattt bandstdtk Is 

ors, tai Is the lows: licit of output mosey. 
91L is the lover lit of input trsqarssy. 
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f CL 	fiu 

8 n'-QLE  FREQUENcy CoNDiTION 

OUT PUT 

2.5 

BAND WiDTH 	L i iiTATIONS IN MULTIPLIERS 



Iquation (4.36) oeaeludes that triplor or higher under aultlpU ro 

would not be s itabls for wider bandwidths. this arises bsoouss an 

isaraass in bandwidth rswlts is astwoarl s Nl , 4,4 and As$  iat.rrorigg 
with sash other, the ealsulattoas show th*t1  the doubler to hatted to 

a ..aim= b n44dt,h of E)4, tdiplar to as spprosiast*U SO sad qruplsr 

to 444 and so on. These, however are, the 1iait*t$orts imposed by the 

circuits used,whereas  of hors 	lasu►tr1 iiortana. are those is ossd 

by the diads* it. . Thsss ors associated 4th .trs reactances of the 

diode ssosapsulation. 

Considering the ones of a doubler in which aetworie 141 ao4 	4ssd bs 

considorsd. Tbe optima operating oo wditi+ os.. a" d.terninnd when the input 

and output rs1S.otlOns oosZtiaisdts (sod thus ai ta1i losses) take a 

constant mi ma value over the desired band of freqaeuoiss, with uos aleto 

rejection outside that bond.  

has shown that In aatoMng into an Fier of but rssi*t*na* 

A shuatsc hi  a capacitance 0, for a constant reflect ion ooaficient f over 
a bandvidth b liJ$oo., the minioin us that F ooa tales is given by 

F + ► -i 1  /b ) 	..... 	(2.47) 

The Input rst.tancs !it for the diode in  a barnoaio generator circuit can 
he easpitsd. I is a taco on of both fr.quoncr and drive level, however, 

under conditions or constant f , the resultant variation Is snail, so that 

to a first apprcziwation B is constant. Using this value of It1, the 

diode capacitsuc, at its optlaua bias voltage and the aid isput operating 

tro usnc ' of the harmonic generator, it is possibio to osicaats the qu*lit r 

factor Q of the int circuit of hsrseaia geasrstor. Thus squatLon (4.44) 

52 
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IN 	a "D (. T/Sq' ) 	406. 	(3030) 

w► n (~ 

 

is the tractional bandwidth of the slrt.a, Tb. output retlsoUen 
aosUi*i nt 	, 	can be ca culatad .t*Ltar2y, as that the nriatton 

with bandwidth of the total Mismatch losses is knova is fit. 2. 0. 

2bM total losses is a beruotUc generator result JCM the series rOOLO a ne. 

of the. varsetor diode, th matching aatcbtaj lesant, and the input sad output 

■isaatohss. Sins the foraor loss a have little v.s'istion over the ttsussc r 

band of incest, fi42.6 can be us" to show the tr.da..otf between oaaversion 

sMalio .ccc and bandwidth of a broadband bamnic g,*i.r* or. 

Tb. real probl in mad banding lies in the actual synthesis of suitable 

strou is and In pa ioulav of pr.veattng or 'ung into account tsrsnttcn 

between the iript an output nst ca $3, an 	. Qas aetb►d of oidth, 

thu interaction is the separate odd and ei a Maio co nents of the 

VaTS!'OL*$ by seam of a balsn.si ciraatt ` }. £ltd balanced doublets 

end triplets  of this t7pe have bees used to obtain and urate bandwidths (2c%), 

no attempts at. aoim In which proper synthesis tsoWgues have bass 

applied in order to obtain wider bndv1l s 
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DED 3urcTioN, 

UPT 3UNCT10T4 

PERCriNTAGE BANS ~IIZ)TP\ 

FIG. Z•6 

MINIMUM 	 LOSS Dc A. 

$R©A~ SA14D DOUBLER, 



3.1 IW DOG'!'  

This Osptsc 4 rtbas law d.si a of ompQna is for a broad b#I4 trusui 

4""S ,rt, the Mld dissr" of eh is g,tn* in ft. $i. Ti heed  

pass file used as an iitgit tr"fwm r lit S 	Cut is of the tatat 

digital tips Aeattwt at about 3.34 mss. The ipt low pass filter it 

gsS4asd tor ♦ Sit Off Zr*q0Si07 of øo MRS to allow oo1 the 9AUM sl 

fr ou.5cy to pais tixiuh and to provide isolation between the Moro* and  

the diode 	Yic g eatil. Iiat sfAblag to tbs step recovery diode 

is of laspid elwasiat 11 -type (twos 	ions) nation , whereas for output 

ai#+~01i~t ,1l 0 tvo..ssottou queAel-vaVe trsnaforner is 1ii4. 

sLM 	 ULT2E4d 1UIx 

A satistmtor a ltipli.r iirsuit should AÜZIU the tU.4n4 reuirSisnts. 

i. 	It, should "Sett unrated trogisnoi o and thus establish separate 

o rxe*t pater for the desired trequ eniie. 

I. 	It should as h the sauros and the load 1apsdar with the Gatos 

input &W outp$t iap.dsnoes, reepsotivaly. 

S• 	It should provide a secbaM sl struoture n.oasserj to dis ipats beat, 

which to inter ll gen.rs.t.d unMt a is,; 	'ied S►~a et, 

hg. *.t shorn the schesatte of a lWp.d of a euit esltipUus. fittoo are t 

assonant suits adjacant to that vsr'setor, saparste did"T+rsnt rregV*SCI s 

and petit 140"WW• ra►tebteg -vith little interaction, K. sysz, as the 
tr.qu*ns Wises both the alestriosi length of the intarassasetton. end 
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CIRCUIT TO PASS ONLY I 	 CIRCUIT TO PASS ONLY I3 
MI (INPUT FREQUENCY) 	 (OUTPUT FREQUENCY) 

RL  

FIG.3.2 SCHEMATIC OF LUMPED CIRCUIT MULTIPLIER 
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the aft iota of the vsraator parasitic rraotancee ieoreasas. These factors 
aa&a the separation of frqu n.i s githout intaraetion 4 bout. further 
at hlsh fr enoies leaped at ass at rasoamore as 1snsC asac echquat. 
filters. ILaac. distributed cirao;ita suck as cavities, 911tsrs* *to. 
haver to be ua*d. 

For a proper design,, dtpaod# , on the rscjztrsmsuts of output ,.:frequepcy,output 

power,, i ut fr quaooy and width,, the diode to be used should have a 

$ 	lead indtctrno, a 1a41 series resistance cad Largs 4 re. Of Ma - 
linearity. 

basad on the above mentioned prinoiplis, a broad band uadruçLer it designed 
as the dISILJS or the various coaponaote is given In the toUo4ag sections.. 

33 " H d Or  LIL1Vt _ 	iii 

At ]owcr `"Venci+ai a low pave f iter to constructed fro* lumped circuit 
Blasento suob as inn uotanvas and Capaaitenc... the maw protot rps +gym be 
spptoZi acted at aiorovvvs froqusncii. uathg a cascade of alternating low 
eau high ispidanos sections of trana*issioG taaa. it &0 often possile to 
represent a short length (i.e. than mar-warata tb) of line by a a~.r 
reactive J ►t. A abort length of bigh cbueotertstto tipedsacs U3a* 
terainat*I at both aide by a reistive3j low isp.dce bee an effect ICLUI.. 

v*lant to that of a series inductance given as 

1 * (Z0 £ /v ) b.ar:es 	. #... 	(33) 

Slanar] 4, a short length of low cbaraotertstii iapsctsnce line teninatid 

at. either end by a relatively high .i*p.daaoe bee an effect aqu$vaiOnt to 
that of a shunt capacitance given as 

a a L/ 	f areds 	 .... 	 (3.3) 



In the above equations, I stands for the length of the line, V tar 

the 'ilooiti of prop*jsth u along thr transmission ssion has end X for the 

ehstaotoriotto lapedanos of the line Such short sections of high Zo 

Ila* aid lowr • Z0 linsst•thsao.t of n ,s of r isms s+rto* 

inductance and Shunt ao wtt nos, respeatUaly#  in T. 	o aisrowave 

filter structures. 

An .wt prototjlp• lowrpass distributed filter with aootions of equal 

.h+ Tical lath Is sbc►w% in fig, 8.3(i). The characteristic 	*dances 

of difff ort sections for a giien V$V& pew-bripple level ond band.  

width ass given in xWer*ic. ) . A t3pio4 insertion lose ahIhra vto Ut" 

for a Ch brebsv squtrip • design Is shown is .fit..3(b) . Its baDdVidtb 

(.It) As equal to the fractional width (W.,) of the qu*rt*5'.V* r 

tranrfo* prototype defined by Xouog(lg),, to., 
i 

*and idth (3w) 	W a 	4 F 	. * .. 	(3.3) 
Tf 

where 	IN is defined is fig. 3.3(b) 

A 	is the saz sun attrtauntion in decibels 	bited by 

the ZF in its stop bend an aU .sot tons are ecltip3es 

at ons,  rtsx 	o th. 

The onj deviation tree the =act design ipsciZiation or an actual filter 

is due to the psoceocso of o acitivo 4t. attntt%so at the Junctions 

Row ver, the method of con nsattoo described by Levj and 40251 ' gives 

an knot r ization of the out off fs 	q. The magnitude of the fringing 

aapacita ss depends on the pbjstaol reshtsntin of the filter,, e.g., for 

a green step between two impedances. 

59 



J—JL 	S- 

f~= I Z; Z1 Z3 	Zn-,. Zn-~ Zn 

FIG.3-3(a)DISTRIBUTED LOW-PASS PROTOTYPE FILTER 

INSERTION LOSS = I + h2 T2 ( Sin 9' ) 
n 	E:., o 

Itht TT (S n6 

I+ 
A  	"-u.. 1t if..eo 

i: 
-MR-eo 

0  

FIG.3-3(b) CHEYSHEV EQUAL RIPPLE RESPONSE 

MAXIMUM ATTENUATION - A = 10 LOGIO I + t? Th ( Sin 'eT 
j 

 

BANDWIDTH : BW = 

RIPPLE VSWR ` S = I +2+  2 h1+h`' 
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the low pales tarts oiroutt is abom In t14.3.4(a) . The t 	hat 

ispsdsns.m irs s•qutred to be .qua. so that ea odd merits of unit 0100140 

is used, t«s. $ 4 a 1. Sizo. the network is s a strt , 

r 

Cro s *1 a 	, a.*4 	t*I LO 3., 	.,. 	« 	~► 

The sstxj eases that the network ire be wit Into a Gasosde of bss 

ssot ons o.nsistini of a nett ali..t bouMd by two equal shunt ospcitoa. 

The filter or fig. 3.4(s) is sett in fit. 3►4(b) in t basic soctib s 

tots* *0w as ezact •qu .r ace betusen the tUtw end the prototype of 

tc9.3.3(s) may be sad. at the cut Ott fmuos4y b1y constraining the tts*sfor 

satricas of cors ,r rd seotions to bast At thit . V U+*OV. Ibis t ss 

an . aot re4isatIoa at the cud oft U squrn r of w psiotioalfav pass titOr. 

A t, pl a1 basic section Of fig, 3.4(b) ii sb on the )sttubsM Side of 

tig.3.4(sj s and the cozraepunding prototype section the righter side. 

Their equivalence at the àut oft frequency s+ #s in the foZovirig two 

equatloom. 

	

Co. &, * .01 @,o 	c)0 c 	no &- 	.. 

	

Sin&0 
	 «.. 	(3.1) 

The cath ►tical details of a ver . u ti. n* ase givsn is W096uceU ) . 
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JCc !i _Ti Z2 	C 23 

IE 	-On  - 

Zn 	Zntl = 
Cnl, n 	S 

(a) 

ZO^1 	COI ZI 	 Z2 
Col C12 -- cJ[f  

-en H 
--li 

 
Zn 	 Zn+I 

Cn, ntl 	Cn, n+l 

b) 

(c) 

FIG. 3-4 (a) CIRCUIT OF LOW PASS FILTER 
(b) SPLIT INTO BASIC SYMMETRIC SECTIONS 

(c) EQUIVALENCE TO BE ESTABLISHED 



This diacuuec the f .M procedure of a coezisi by ps s metas h*ving 

the t12llwie wbura"St at tx 

1. Iamb gpto415MH5. 

;. 	iiar thea so do attenuation is the f requonoyrnje at. 2.14 01~, 
to 2,.14 t ih (output fAu.no7 	►d) 

3. so spurious r pooe.s bsov a also 

With the above sp.oitioations, a out aft trumW at eao ii will gz vtda 
a sufficient desioa tolarrias. 

Irm the ' lnrdsnc. mazer ; ivsn by .a~►, (I'I),° it is found that a five section 
filter with a bandwidth at 0.4 sod ripple VSW& of 1.05 jives a MAW* 
att :t a► of *3 45 th the Sto; be" 

From Iqa. (3.3) 

AV a Q.6 SIV 	t}, s g1G, thereto:, the length of ch section 
is 3*75 a m or U41614. When 9a a S'f' , saz# r attonaution oc urs at a 

traquems g - . L A 	0 ~M M!a ave a t apurlots paa~ hand will 

be centred at frequeae , f 	s 400 a 4008 3a , These A2IIW1 

the dMian nqidreaests. 

Pros fir' • tables, the value of the aorm4ta d ttpedenoes for diffar"t 
unmans of the prototypea filter are Mutated baby. 



M a s .$fit a 006 	YSV& a 1005 

latto t 1om"416" lapedanos f. 
I + of pr+o~tctps  

* : N 

1 

*&4 7.45 	► 
• t 

The whole cents+► conductor structure is bei# rigidly 4 	tt bj dislsstrio 

bush i ( EY a $.1) 0utozis low #s rd.50s s•otIøns, 

Vsi* the V441os, 

.zo a 	 1(b/5) obss 

diet", 	to is the wwaetsr.strt0 lowedanas of the lie. 

Ey is therelative dislcottto cssstsnt. 

b/5 is the ratio of disseter of outer cocduotor to 

the inner oos4atcr 

the eat of mss isrs of saab srctUm can be cal ilstsd, The aata latSd 

diameter tstSas for give rsstians and fat the terainstini sections (50 n-

axe glfa► In Table 3. 
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~+ I, ► 	. of ; 
~. 

~ 	.tsr rate  
Prot""* , (b/a) 

oa ~r so S•U 	; 

4 c 4 (baa 4141"-• a 1»7 	i 	; 
* 	trio) 	$ I 

p 	i 132.95 ! 94$3 	1 
$ 	 $ t 1 

..wrw......~r...r1ww 

84 	b 0 0.91 itrh"s wi obta t*rc 

So a at a 	0.244* 

$ a 05 a 04293* 

•3 a 0.061" 

for the 	t wosllNtio$ of tk► gai off f 4agv tbs 3.pgth of Maah 

►' a . iuop WW&W by USta *}u. (3.9)» Tom► USs of 3 	o*psot. 

os G, a ¼s '° t #8 obtsoa# ft. $oulo' o grspbicaL p3ati 20) 

gtven in Tsb1i 3. 

-...Now 
sin 	value 

CO3 	0.0201 p, 

033 	0.OI0?3 p. 

~'Xp 	0.31 p pt 
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F 

. Q~ • 0..0531* pt 

t 3 	:~ t Gl. "` Cu 	a  

NOW 

• 1t3g 0Zl 3108 1. 

I►*193+41 + 1 Tf x 0.6 * 	z a.f 1 3 i ' z 7$. $Q z 0.4540 

5m 	~ * 210 34' 

asu.~ 
cos & aCos 8~ t 	1 8o B -~ 

0,$910+2nZOJzltl * 53.SZzt l x32.8*0.040 

o.aDil 

iso   

Ag 

CO. Ba * 001&3 • W~ 0 Z3 Sin &a 

0,. 	+ 2 if* 0.8x i~ x 82. #$ Id4lX 3.3Z,9S z 0.4540 

0090514 

sa 	&-3 	• wo 100 
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From the eboim ~ cui t *, It to taus 4 that the 	.:anc r betw*m &, 

& if sot :icy► 0a d0 stt pt was irk*► to fiOd the rmVt$E V$iU* 

of z'. 

D.t&Uad cdrn1sttene of the filter or* given in Tibia 4. 

£1TAf 0 OA+GATZM 	ti tlox WW- 	Ix 

	

$ • 5, DU apt 4.{i ( & 0 r 21 de 	s): ri i. 	1#05 
U'% off A QO!! & , Outer conduotor disa.t.r a 0#56250  

iotiom iaamt.t of ter Find electrical ,. 	`  
aan4tor (inches) t ►ct s I 

..,w....,......5.«...w.,r.~ 
i i t $ 

' 
I 

! 	S $ O 44 • 214453  

! # ► t i 

244 ' 0.326 $4°35'  .454 

3  Iwo* UP 30 1.116 
t i i 1 1 
&_U__ ~  -t 	1* 	yffn ...war~wr+.+wrwrwrwwwrr,w....# 

VIC* 3.*5 its the siLet. 4r4 , of ' th* Ut.r. The filter vie st+r 
b r Its cutoff sad the brad V*Wnos at the sin. is plotted In graph 
at rig. $,, 6. from this graph, It to ods that a good sg ineat bvt~ the 
theory sad priotiast 4e in is iohi.ved, 

titiidigitil Ila* struotursa hive in the past beat .r.garde4 is of InteNat 

&Uay for use is flow Warm stxvotue.s, tm samr„ a resent study has shoii 
that isterdi4itd Ito. stm*etur also have very Intent" '#sue'peas filter 
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properties. 

. a.?(s) show .ns r po at an interdigital tU tsr. The struotue, as 

abew* #eaststs of a '!" ►+vada sttLpi1 	resoattors between parslIrl grevad 

please. Zash resenstar sl seat is a ruatsr V414eth long at the aid 

tragr«4q sad is shaft sued st one and 	 open airauifirm at the Mo 

aid. 13ag Li sahissi br wey of the fringing ties ds bs ,en adjanent 

rasosator *tents. Ir this atrurotur% scab line saint serves as a 

resonate:, swept for the bout and output its. elements ubich bail w 

ttsp.da aata t*p.dano.aatohtag fusotion, 'fir, an e►r active elsesnt ltwu.psss ptotcps  

willm lead to an into ligital filter with (a s 2) Ito* mlsesuts. The design 

equations for this 'typo yiVl4 the struoturel dtuiensiane that will be most 

praottcal when the filter is of asrr+ ► or sodas'. bandwidth. 	gaps  

betweenlines 0 an S and #stws* lists a and a t I toad to beer* 

inoonvenioutly PwU when the bandwidth is largo, and the wtdtho of UPa I 

and a t.and to bacons Very ,pub1. 

Flt* 3.T (d) sboirn another typo of taterdigital fUtes With open circuited

lines at the +rag. The, design equations for this typs or intsrdt4tal filter 

,ire etrLet&rd diasasions that are, nest practical when the filter is of wide 

bawividth (soy, ararnd 30 psxoant bandwidth or g,rsatvr) . In this sesa; all 

of the line *aaezits servo as r sonators, including the o?.n.so rcauitsd 

to atna#tag line slesent at scab and. 

taterdIO . band-pass filters have a mar at attracttvs features. 

I. They are very +I omp e 

3. The tsi.raaces required in their asaiaaturs are rs.attv&y rslaaod 

as a result of the relatively lags swing between resonator as snents. 
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LINE NUMBERS 
O 	1 	2 	3 

TERMINATING 
LINE 1dflO 

ADMITTANCE 
YA 

n 	n+l 

TERMINATING 
= 	 LINE 

ADMITTANCE 

YB = YA 

FIG.3.7(a) INTER DIGITAL FILTER WITH SHORT-CIRCUITED LINES 
AT THE ENDS 

TERMINATING 	 TERMINATING 
LINE 	 LINE 

ADMITTANCE 	 ADMITTANCE 
YA 	

YB = YA 

FIG.3.7(b) INTER DIGITAL FILTER WITH OPEN-CIRCUITED LINES 
AT THE ENDS 



A. Tb. soomd psu band to an►trM at thro. ter the csatr. trrqu.* j 
of thi tint pu. ba t, sad thm Is no poaatbi] it r Of the .puziaus 

r. 	ss is batwea (i hits for the filters with b -; ►v* tb, 
card.*. eo* Led reenatea, .vsa the slightest *lstimkg V 
result in narrow sp r1 oiti p wobpi at twice the frs a 1sy Of the  

first psss .bsad osatre) . 

4. TM rates at .ut-att ad tha aft ati in for stop boli are 

eab+r cod by r *ltiple•ordsr poles of sttdr ur►firi*6 at do sad of oven 

mi.tlplos or the aontr. frowaas7 of the first psesbad. 

5. Tb... filters son be tobrtoat d in air et or toms ihich an a.0 

sup artiing so that di4L$ atri. *a dsl no.6 not 	used., Ti 

dteloctrio losses can be oliMested, 

Since .oplig bstw m resosatars is d r ►ted is nstt&rr,  r it 1► 0"V94iost 

to w * aft the design oC t0 resoostor lisa. in team of their Baa sit+ ►Oo 

to ground 	p rr unit lengt p sad the actual aspaettstices 	, b • per 

unit lesgtk b*tvs* naigbbou.Ving lines k sad k + I. These ospasitanoss 
arm iUwtrat.d to 00 stoma sectional isv of the Un. .lest. eboirn in 
fig. $.$ • This rap reientatton is act nmeesu1rtlj olwye ttigblj .ocnrsts& 

it Lai ocaaol cable that a significant aronnt of fringing sapaaitance could 
mist batiwsa a given Ila* slice nt and the line at rob broad the nearest 

asigbbo c. However, at lout for the geometries  such as those *ht in 

fig. 3..1(s) and (b),, it was found that this representation giver a ►tiwo 
tutors dears of sc suras~r. 
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Col 	 C12 	 C23 	Cay 	`; 

C21 	T C%- 

	

WO---- —5oI -- WI - '~-S I2 	W2 _+ S23 	W3 i 3 

FIG. 3.8 CROSS SECTION OF AN ARRAY OF PARALLEL- COUPLED ONES 

BETWEEN GROUND PLANES. 
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The dMta e~11stso#r to be d~Mtertbsd us based an the us. of lawupOss 

prototype otter Mtrsstoro vbloh 1.• troaotored to vivo the d..iied b 

parr titter .MrrCtoriotia$. Yom. 3.9 (a) oha" a t pico3. la upass prototS 

spoei3 iag the 4ssents , • The loft side of fig. 3.0 (b) shot ar ' PIGSl 

Ck.bj ahsv law»paoa 	u$o 	►boan be ethirni by w3 the pxototyps 

Stit rs. 	.cont v4uos. for this typ. of prototypo ti]tor nstiorZs, rLoliz*g 

dittosoat sorpoasss have boon tabulated in roforesas (2). 

The right side of fig. 390 (a) shows sbsndupsas tilt., Amo htcb is 

derived from the glil i l pom prototype responSer Ustag the standard trassr► 
forastisa t..hnius. The band«pose filter rooas td ll bus the no* typo 

of pa a.b*nd charsoteristiss as the prototype. but the baad'i4dth of the band-

pass titor can be spsstfted szb.►ttxa r ,lye The attenuation is seas for both 
i.*'pss. nd bandwp as filters at trMu000t.s Li'  grad W , t*potivsli and 

ar• r!Usioi by the toUo,4sj uçiptog iquation. 

,*aer; 	U - 

W_ Wo 
Wa 

U)a 

The bsa parr filter attnza.tiun shersotoriotios can be predicted by ust 

the above "tton. This utn. torut a watt veil for filters of caracw 

or sidorsto baad.wt4bo The largest 	is s to ocnr on the high old* 

of the pasisbendr ►sr. the nanout* d sapping doss not predict as large a 

rate at out-otS ss oOtw 17 M 	. the tassoe that tl► aetual rots of autott . 

tondo to be unusually largo on the high troqu r aid• of the peas-band is 
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J 
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c 
a) 
4- 4- 
0 
-U 

L2 =g2 	Ln= 9n 

nt ~ 	 R' = g 
~o °go 	~=91 _[C g 

=nti or 	Cn-9n 	r,+i n-H 

FIG.3.9(a) DEFINITION OF PROTOTYPE FILTER PARAMETERS 

90 91 92 --- gn , gn+l AN ADDITIONAL PROTOTYPE PARAMET 
w'1 IS DEFINED IN FIG. 3.9 (b) 
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PROTOTYPE RESPONSE 
BAND-PASS FILTER RESPONSE 

LA (w) 	 db 

Where o,)= 
2C 	Woo 

 
WI ( C)  

- W wo w 

= W2+- W GJ o 	2 

and W (fractional bandwith) = w2— WI 
Wo 

FIG.3-9(b) RELATION BETWEEN THE LOW-PASS PROTOTYPE 

RESPONSE AND THE BAND-PASS FILTER RESPONSE 



that the structure has iat'tsit« att,r'w'tua (tb.ontival ) at the  
treq sfW for b1Sb 00 sasonator5 smear *X* S . mrt r VaT1 tb ]+s. 

Is a aiororars tilts;, it is such soar practical to use a rt tu*s which 

rsa*aat+s the etresit In fig. 330 (fit ar its dual, in this structure  

ail at the raroaators are at the siSe 'type, SA an efts aka alternating 

Seri cs and sb at ror"estars is a*M ova d by the induction of *'1apeds 0 

tarart+r c . Tb. amass filter In tt$. 3410 (4) can be desigesEt too s 
3o~psss prototype as to fig, 3.3(x) by !'1st soev.rttns the prototype to 

the .guivalant lawuipsas prototype toz as in t . ..30 (b) whoa as 0011  

sprier inductances  sM iapsdanos Inv.rtàrs in the tilt.; structure. Than 
3,ov-psss to bsndpes5 transtoz*atian can be epç1i. to the etr . ,t La 

fig. 3.10 O to yid the band$sss circuit in fig. 0.10(s) . Sir applies 

to the ]ov.pus pratotyps Using 4 ~ n$tAXW (sdstttsna. Iarartwa) 

L43 	IHI*IPLW& 

the req tru sact• for .* baM.pasa filter sud& in the prem 3 ►t► 

##y be soasiasl' S'*:ted as toUob ms 

3, ?assbsad in the range of 1.14 	to 3,9 ► 44* , . i. a* the baa vidtb 

is about 314 at a centre freuanoy of 1.04 i S« 

3, Ver` steep s 	tt nwati s to the pass-band Is required In ardor to 

obtain * *3 tur r.J.otica of a' . uai*nW hm r*oaiar. 

According to the above aenticced requtrwaiata,, a tour resonator filter net-
work should be cutfiel"t to paver US ba Adth. A toh.byshetf -cat.r r4* 

7h 
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-~ Lri 	Cr1 	Lr2 Cr2 

- r

RA 	Kol 	K 12 

FIG. 310(a) THE BAND—PASS FILTER CONVERTED TO USE ONLY 
SERIES RESONATORS AND IMPEDANCE INVERTERS 

RA 	LaI 1Jf flwH1  
 K23 Kn, 	R B 

FIG.3.10(b) MODIFIED PROTOTYPE USING IMPEDANCE 

INVERTERS (K- INVERTERS) 



s pens-bead ripple of 0.1 db will be able to iuVs s r uonsbly steep 

skirt attenuation ohstsotosi*tics. ft ltsbls to= of lAterdigital flltsz 

sst+wct d for this purpost is Skala is fig*. 3.1 (a). The appr.xias" 

dosiin equations for which, as givea by Mat  )1attMit , are tabulated below. 

iZZè3Xgu*flois FOR INT IIfihL flLfl& 

•' i Tf / 	~• 	' 	) . .. 	(309) 

_ 	•a 	•  
do► d , 	%'  

«....  (3.11) 

M * 1* 	# ► 	a 	* 	0.. (3.13)  

where b is a di*ensiocleu stittsAe scale t&ctot to be specified thU 

rarOy so as to give a convani*t .44ttans. level to the filter. 

The dorasiised seJf.ca0itsnce 4J E per trill length for the Lina elenents 
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(sz 	 (341) 

♦ h 14 	 + "14) 
	

• 
	`3i) 

0e 	14 	 * 

La 316.1 	+ b I'L 	I 	f 	,ii ~. 	
1 a • (3« ') 

* 	 (314* i.e ) 	,*..,.. 	 (3,1*) 

whets E is the di.3otrio ooz st t sU C- r it the *UUVO cele.*otrle 

*nates In the areatus of prop. std. 

the norlis rd antral aseaitsncaa Cksk.3/ E pr unit Zath bet~ 
rdjw nt Ueu' s1 ota 

a  

hid ► ~•1 	(~ r 	A 

O~ ~ s .E1d  



3d pus band 	3014 CBS  to 2J4 

tests. c stns Zr.gwaqr a 1.0 a,, 

at th* +omits tr+1usu ( 	) a 	r 

Ueth a astios (3,9) 

Th 

a 1.481 

I 
The si nt s1uss ton Tool 	't tutor ,io , a 10  t  a 1 

*a4 	$IT= 14 Tsbls 10 

1,003 $,4  a D,$4t9 i 
t 	 t 

	

$1 	1.1266 	41.5  a 1.9143 ' 

I g  •2.34$3 
I 	3 	 I 

Jnr 0, 

 

Is squ41 iIpals lid +mow for ?c.brsk1f tt1t . 
r 

-I o6ag51  
Q 7A1 11#1v U,wvrPsyrY ,)F 0nnJ?eFk. 

ROORKEE. 



Goiutt& j/ A and V *tsartsxs uslnj s iatioua (3,10) , (3.11.) and. 

(34.1) and aubat2thti the essant , 3 uee Uo. Ta*. b. 

	

a ~.. ..... 	- 	0.795* 
'A 	J 2.6703 

	

•• •,• «• 	_ 	a007444 
1.6703 s 1#2936 

aa 	 Q•5$57 

SAO. *3 *4 a 4& St 

$o 	`fi 	r 	► ... a 	Ci.9 alt 

Again *41 a 

IA 

5.646 

	

11a,3 a 	(f .b' 31)2 + 31.36 

	

as 	5.632 

81. 
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' tbs ptlas sdirsttoas lm the &sts oir isitta*ce most* factor# 

$ to that i $ U" +d3xaaitaes =A; fir! Such that tbi t*I u&%Qts $ t2Z3.d 

s Mh uaoMid Q. Tb. diaenstoa. that &two optinia rinolator Qt1 
It struowas ru+e ► was iat.id it.1 rate" are not kao . 	!ov r, it's* 
kso n that tar atr-63rd, sosdal liss rasonatots the ePUMM 4 viU 

,..at when the jUe iap c. is shout 16 afs# aM vrrtaaa Oppredaats 

stndiH su4gsst that the opt *a boodan * far strip tn• r+soaators i0 

■ct jrMII.y different. It ias therefore 	vdsd that for opti 	k, 

the to]1owtn oonditioft sbocald be satisfi . 

Cl 	is a for a ma  

M(Sol)/ for a odd 

t1ngk a a 

a 5.4 	...,... 	(3.22) 

Using, 	ti.*s (334) , 2A- Is Otsined La ttaa of h as given bei ova 

'ter 

 

[ *1.2 •213 ,~. 	.~ia.L 1 
A 

(31$.? * 0.02) 
15
0"s • 5.63: •0.109* - 0059,511h 



MM 

E= L YA 

(376.1 s 0.0*) (o.7o 2) h 

5.30 b 
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ri 

a 

 

a 	4*4w h 

$ub.titutiz, the Ulu$$ of  
squstto (3.22), #ter ZSi *surd amu. Ot h Is Obi. 

E(,5.3U) b + 15,13 h • 2 (4.a7)k - 5.4 

5.4 

94.158 

0.05698 

low 	* 	xt " w ► i + 
i 

a o.o* L05*  ~KO_5696  + 



Tb. aoi Basi ..lt .sp*.tt+ M► .,x. s.1er .st+6 by usi t .qutttuU (3.14), 
(3.15). (34*), (3917) aM 

Er 

4., a x 0.02 — O.0231) C 	/ 
a 6.141 

~ 	a 
* !taL!,. I .* , +b 	'SI 

FL 

e 	7543 Y 0.051 

4,363 

2 	* 	•i ft(* i3*4 * 13,3 ifld 	+, • 

	

X11 	SA 

114,4 a 	),4 aw 

• 6.141 

sormalmA satnta1 espadtaross Pu wit 1axb M.twe a jaomt It... ax. 
"Ioa*t.d by vital squ %Uas (3.19), (3.20) and (3.23) . 
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.t!2r * t_ (* 
10304 

• 6.341b 
0,300 

s ., + 	* 00,0#1 

- 0.55$  

4• 
2*  

A 	 %A  

E 
jibe "u't.4 ;per.t ox* t*btslst.4 Wow  bgov, 

k 	I, 	#k 1̀' 	 E 

o 	 t 4 0.715* 13  34 0 .nd 5 6.04 

k 3 007090 5,146 0.3015 1 sn4 4 3939 

d 0.5 3 Y + O.*b5$ * sai 3 4.*63 

l.5 a 	Q..3 	► * O.O2aoI  

K3 -MaO.O237 a.O 
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The sircialar sliMxinü sods as rsaoartors vers 0004 because of several 

tsbric&ti*54 advantages over rectangular baric. The design data of 

uupl d circular 071iMr10a1 rods between parai1i graEMd planes, and a 

design robe for using the data to s rntb..iss t11b.xrs are gIiaA to 
ser a. (33), The gsoectrj of the per is, circular a ilUWrUsl rods 

between parellat ground planes and the diacusitcal notations arc shows 

in fig, 3. 11. 

Tb. first step In obtatai4 the dirssi+ss of the structure fres ipsatfi d 

aeraslised capecitanoes is to draw bartsostal legs in the graph of ttg.3,1$ 

cort.apOndifl to the valus of 	4noraaUssd sum aapaoitsna.) for 

k a 0, 1, 3, Meat the coosdicates of the intersections at constant 

with the tanil r of constant 4/b curios an noted sail plotted as sbai 44 

the greph of fig. 3►3,3. $.oath curves are then drawn on the graph of tlt.3.13 

through paints at cans 	E the. obtaining ounce of constant /6 • 

lust it is useful to partition the tutor centlgurstioa of fig. 3.1 into 

rllsr absecttoits as sbow in ttg.3.24. *sob subs sb1®D aai*%st* of 

aorasl#srd o propane to ground . the nsraslisod coupling ssp .it eS 

to blur. right *54 to the loft, lox dStSrMAiflg the coraslisad rad dieners 

and noxadised spcoiegs, each sub .eta is considered s.psretsl7. 

i.*t bloob UI be chosen as en esspla,. On the graph of Zig, 3.11 aevor4 

**IUety curves of constant 4/b are 4rau in the violetty of one bait 

VaUS Of the rsguir d 4oMjj a4 s.pestt+Hcs to ground # L EL a 2,14*). 

The objectiv, of drawing wmalnry owm*# is to tied ecias tat.rsectteas 

with the aensteXt sure.. at 	- O.$$l and 0.3045 in tush s va that 



the s of t ordinates of the tntsxs.ottoo. botsi s !» a a 4. *3. 
This give. •  * 0.346. The u.s proc.duta is "pasted for other tvo 
b].*.. It was fiuM tbas 41A a 0. 3*5 and - c° 0 A# lir 

Ths u.sp•.tin nonislised spaotnjs: (3t,]c+I/b) 	obtained by s 
the ab"Isma mouesi4iCb correspond tothe was actual cspactM3e. 
Absius vu.o ..rre.poodi to thetz theirautra.< oapidts.o.a We t+Mbulat~rd 

ire . 	Aboissa value 

Ca1 	 0*40 

go& ) 	Q. 
ula 1 	 0.322 

03z ) 	0.825 

0 	 0.350 

►.r.tore, 
_ 	a Of140 + 4. 
b 

	

L 	0• 	• 0.25 a 0.647 as 	. 

	

,. 	a 0.350 t 0.330 a 0010 
b 
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FIG. 3.11 COUPLED CIRCULAR CYLINDRICAL RODS 
BETWEEN PARALLEL GROUND PLANES 
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Taking b a 00"S0  (grsiisd pvlsa. spacing) we obtain 

92 

da  : ds 

dL 	d`d  

to '0 d4 

Sol,* da 

©.3325
w  

a O.2156 i • 

* 0.3563 

s 
a $34  * 0.4043 

l.23  a 0.4$750  

SU. 3.6 be a +o .ata dry of the fitter with the cover plater 

ro •yid. The sbort-c#aM shied side vai . a of the $ tructura *re rpaasd 

sasotly a q t.r.vsv.3sngth app at the s14ban4 trSqu*aoy of to 101.9! 

b ► • i.$75. l osausa of the eapaattsn+ s bstws US opir-oireUttad 

ones of the resonator •#seems and the sid,we3ls, it warn rises► 	to 

foreshorten this s i ht1 jr so as to 5$tst their 1'$awoa f uiXoy at 

3.01 goo. !"ox the pass-baM V$V1 to be olose1r osotroli.d, it is desirable 

to have the spacing between the and resonators and 	 I nt fiance 
t astoraiod section adjustable for well a .s to sue. 

1 con the filter was first tested, the insertion loss ac 'I.tft 	► %W hJ4h. 

This situation vas isproved by adjusting properly the spacings between the 

taxatnating rasasators and the rssr atoss adjacent to that. The spacing 

8o3 said ${5 were dwrwsd for better perforasaar of the filter. lbw 

adj mantis of tha. spaviads w es very critical,#  ori a ohsng• of few oils 

oculd degrade, the oversU filter zseponso. 
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MODIFIED UG 58A/ 

TOP VIEW , TOP PLATE REMOVED 

ROD DIAMETERS AND SPACING BETWEEN ADJACENT RODS 
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ROD  K 

O 	and 	5 0.322" 

1 	and 	4 0203' 

2 	and 	3 0.216" 

SPACING 
K BETWEEN 

ADJACENT 
RODS 
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2 and 3 0 • 4375" 0 
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The aspsrbasntal set. s for the s.asur t of 1ss;*tAsa loss eM VSVM 
sfi r $tvä in fig. 3.1$ and 1.1?, r~►spiiOttVst,i. 

tar the sflL of t srrtisa lass, a 30 0 directional. coupler was 
iatrethact bstvsso the signal. generator mo the filter, The input power 
to the filter is ar .+ s%s bj ssasuri*$ pow.tPotter at the foupled port of the 

dirsetishs $*upl.er, for dluorsnt gsaarator trogtisssirr* The cotrsspov4t' 
eulput power is *Usursd at the tutor out b. The 1dp~at olteg• st 
wave ratio of the bum-#&n filter was asesurwd at differsat, frequencies using 

the std VSII& wasusaint tcohntuae. +II1& • 3. 18 to a plot of r"quw w 
persus attenuation i14 fig. 3.2$ if i plot of SV%U f o: versus tswa. 

3.4 .5 4 AAISON $1 N T 	T A1► SL'a A3 S 'IMXM i1 P&tOAwC$ 

P14. 3.1* •bows the asasured as well as 'ter theoretical. s'tUMOU in 
qtr: iatics of the filter. Tbr sses4sd frantional bsM.vidbh tofound

to be less than the designed tdu.. This shrit sgs in bao4w1dth is likely 

to be there dine to the 	aexiaabs nature of the design equations. This to 

ssspsrsats for the, sbrtksj. in bsn*widtb, It Is slenys anew to dmlgo 

the filter  far the tractional. bs -width whish Is aboet 5 to 6 p.rs.nt higher  

thin its oatusi desired width. 

The shift of the cent t*4C0 y of of th* filter tom the lair t"gU*bci std* 

results frsa the oarasinrs bsis , sl.ight1r .oSdad b7 the ". 	aa9. sa 	. 'he 

centre tr.qusaoy could be raised by vsdusin& the length of the res tor; bOwsYst 

this was not U104 sin ► the final r!r was to studi the behaviour +off a 

brca4. bent sjo.ir ay. source usin varactors. $sssuss of the shift In the 



J5 

Microwave 	Directional 	Band-pass 	Low VSWR 	Microwave filter 
Single 	 -- 	(Component 	Fixed attenuation 	Power 

Coupler 
Generator -30 db 	Under test) 	30 db 	Meter I 

Microwave 

Power 
Meter 

FIG.3-16 INSERTION LOSS MEASURING SET-UP 

Standing 
Wave 

Indicator 

Modulated 
microwave 
signal 
generator 

Slotted 

Line 

Band-pass 
filter 
;Component 
Under -test) 

Matched 
Termination 

FIG.3.17 VSWR MEASURING SET-UP 



9h 

NTA 

CAL 

RVE 

6C` 

5 

5( 

4 

3 

z 3 

15 	1.60 	1.70 	1.80 	1.90 	2.0 	2.1 	2.2 

FREQUENCY (GH)  

FIG. 3.18 BAND-PASS FILTER CHARACTERISTICS 



97 

3.0 

:RUED 

ENTAL 

ME 

1.2 

1.65 	1.70 	175 	1.80 	1.85 

FREQUENCY (GHz)- > 

FIG.3-19 FREQUENCY VERSUS VSWR 



j.nts. tre r(4 rrsy of the filter tob*Zd$ the low trsqtz.tis;y side, the 

•rr 3. fr.tu.Ss, rots of the anitipli*r is asoardtog l► orad. 

the asuersd 	insertion lose for the filter was fated to be qa t. 

high as uusd to the darlga.d i*.. the of the possible reasons for 

we is that the prsti+ 1y ashis"d unloaded Q we of the resooatora i0 

lou gosp u .d to the desI4flad rdne. The practical vaius it .tue lose 

tit the s3ctlat.dvalue ovini to ansheniost surfene finish, 3osq 

s1"ttisl + NR +N ►A. 

for the testing Via* of the bresdbaM frstuano, gUWUVI.t, a ptiaary 

•aura" (shnios3ly to t. f taenaijtoro 3U*tcr) 	built. When 

operating ?1f ra s , the important 	t 1►tics of the paw 

tars 	i &"I 

I. 	 c r oelleotor dissipation. 

. I * 1*b 1 p** cDU+Chor suer h. 

4. Mijb4rsqusnoy as rsnt•gsin figure Q ' 44ri6 f`T. 

Tb. soat i rout oonsidststton for the r,t. powr tranutstot is the povr- 

di sipotion Q"bility. The ± ci t power that *#A be dissipated 4efora 

the .. arta*iW asours depends to a ,gosh stsnt on bow waU the heat Vn* 

rated 4th In the transistor is risoved. Wb host Is rusovid by asaduetton  

the ssoumt removed is as musts. funstion of ' ►amas]. r 	$, A good  1+t 



power transistor, thsrdora Is oMrsstsriso #fir s lox due of the 

rs.tsts*ss. As r f transistor suet be .apabhl.s or b+wd].sg high pssk  

eoUostor o rrsstr to pr+orid* substlAUA pever output. The aracar 
p.st..so11..tor ourrsnt ming is ustsUy 1taIt+d by the ptatie.] os ►i.• 
dsrotisn that the current arrpll tt+~atiof factor varies apprortsat 
Inversely with ssittsr currant at high .ass Of ss~tt*r 	rsnt d eit y. 

lb. 	peak soa2sotax%-earrant rating, tb or+r# mt be astabltahsd 

by soorstder1 the .4smmt of vedusti*c in the west data which can be 

Colo tad at high trsgweaiss. 

The su a4 ooU.eve1tcgs rating of an rt paver transistor aust be 
sufficient]; high to avoid breakdown *der conditions of a strong CoROUVs 

adiog. The r4 transistor out be cep l* of vitbste d y high V$ J4 
VIODUt co11sstor jw*Uoo br rdawn. 

The blgI4r.qu.aoy swrrsat g u figure of sent (S Is essantiaL ie 
deter union of the power gain capability of a puBeeuugr a t power 
transistor. lbs t1 of an at transistor varies with da *sitter current 

and usually r dearsrsss at very high lsv.].r of oaxrr•r~t. A good of power 
t15O1istnr should be ob*X*CtSSi$Id by a high"lx& . of t1 et, high xres of 
do asitter currant or sallsctor current. 

Z+rqirsesn.ts for the b1ghpowar oscillator yrs an follows+ 

3. To is from 430 to 450 	. 

30 Minims power output should not be less the* 3.5 wetfii. 
3« 31 other harsenics and spurious frsqusooiss std be dao" by 

a oinisus of ao db. 



The Clapp t pe (scditis solpltts) (24) coattgurstion ss sots4 for this 

purpose blossse it is bt b1y insssssitI'. to Obames is triwwistsr pen. 

stars. Fit. 3.0 spars the Clapp osotUstor oirasit usiog UN3375 vbtab 

is capable of proves tb. desired power • output is the ire trequ y 

rs s Of #OO.. 430 $ . Is this Circuit, the oaUe*Ur is grouMsd tot 

■wt* Bait dia.tpsttsn. Th rasters, the powerp' eutiput is t. sn lra* the 

base circuit. flog" at of essillstiees is date r~ b,~ 1. and 03 th 

#.b. to circuit 	the 	acitaness 01 rte. 	serve a tr to r*alts* 

a c 	too* k robe. The re.tir + the Absolute y oars of the 

+ asit ss 01 +i 03sin be adjusted in each i aann.r that the 'rsqusns, 

of ocotUittos yrs practtcsUi ind.pen4.Qt of IUctutioX to %hr 

collector capacitance 4,ir to asp, .,Y tu]i s iirimtiuns. The twd g to 
per aeidid larch by sepsaitor 03. *"'two C1 is adjusted for opttt  

notch t the load sf S0 obs. 

The de pirliNtsn for the DStrwsi or* o4au1at s as toflowM* 

The a*ais r coittianous óalleat*r current rating to* 2113315 is 500 AA. 8o 

ks►► 

	

Is * 2*0 aL 	 ....*.... 	(3.2*) 

	

Woo * Z$ volt* 	 „.w.«.«. 	(3.24) 

Assua a 4 efticier3s7 for class 4L OPOMWA, to a pow output of 

2.0 watts, there ihould be a power dissipation of 4.0 watts in the transistor. 

Therefore, ZO z 	Vol 4.0 	its 	..}.,..  

Substituting to frsa a Uattoa (3,23) in the show rirpressLo*, gins 

tel * 34 metas 
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So the iultsge dxrp "rocs 13 a 4 tolta. 

(3.2$) 
01600• 

!b• rwcl 	atia4 of Y tcr$13t15ta4volts. So a talu..t 

a O.$ volts is be +ally selected, The of ore, 

folts4s drop Morons i 	a 4* volts 

Vottsje dio;  esross 	* 23*4 VOIts- 

ge.p'n the Blsod+r Currentt XA) * 30 MQ 

baro ower 	* =. 	.. 0 3S Q► 
oto 

81 a  

% a  

st y. 	133 o 
0.03 

810 chai 
0.014 

While adjustiaj  for o z* power output and eptitwt btuteg# the Upo ri-. 

	

s ut" w »yrs of £l  	and *3 differed 4ijhtlyr fro* the cde4stsd 

values. the *perl* s , values for all the oaspo vents or. listed alov. 

- 	1.0 , o  bead oo loo. 

060, age, Oy 	.. 	AM pZ, 'rod th 	h. 

020 0 cog 	Ab 	0.5 .iQpf, Jobsnson. 

«100 o1, 0.6 V. 

•. 	iii olrs,, 2.0W. 

	

13 	Im 	10 ole, 2.0 V. 
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lkk.t1wta3.l r it US$ fo=l that tk os*t lator w*a djhhty stsbls &a 

4o► 	ssiz'si a.niu Its within ths output trszsn0y ted,. !'bar 
final output xsapo"* of the .nal3lstor Is shown in 	of fig. 3.23.. 
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UBAPrU IV 

l to ZM Chit TIM 1I OAA1 UO1IG GIIRATO1 

The bvosdbsat treq ss) q"wu- t.r we  .s..s 3 ed ssd tested ies1gn pSoosdures 

for varisus apaaeNt.1  essdad for i t sw have straw ban described in 

sh.ptS* III. This ehs, ter dss] s 4th the int.&ttioft aspect of the bxesdb d 

tip1ist, Nssrib.s the experimental e.tp used for aeuurir it's perfor. 

ao e and presorts a iis.uukA ea the results obtained. 

The ai.m sehesatio of the frequency a Ltip]t•2c wee given is fig. 3.1. AccordiC  

to the sobsaiis, versus coapo, at$ voss s s.sb3+s sad the q dzu rr i►s 

tasted for itis'bWwldth sad conversion efficiency. A bloeC sshvs tie of the 

aesanranant eeti4Ip is s 	.n fig. 4.3w,, The eutput of the broad 	su tipl.isr 

yes ted to s `i db strip has directioaaL *oupi*r, the direst output Of which 

goes to the power aster thrvh sit atta' 's *r sed a frs aay aster. The Power 

output tree the sa41 	is red to T**reniz 11.O spectres mnalyrssr for 

siudyi*j the s ►satr" res, ss of the sutp tt wave. A l vbr4  ac do attmiator 

inserted in the direst are brings down the power vtthta the r.aauriog rani• 

of for paver rites besides ehlainattag 4w frequ ns; p iii, of 	pi.isr 

rban the fnsuan.y Meter is turd for its rwswaaea 4i#. 

Pig. 4,►* encs tiro srrsag.rent of a sb z*t sainted step r oevsrj duds vtb 

the ; pit sad *asp" wishing ,.tws*s. $)u*R sods vie prsx•rs" tear *szlens 
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heat dissipation, mince a grounding of the varactor provides a direct heat 

sink. In order to avoid do short circuiting of the step recovery diode, a 

blocking capacitor was used as shown in fig. 4.2. A pencil line resistance 

across the varactor as a bias resistance was preferred in order to eliminate 

parasitic resonances. Matching of the diode to the source and load was 

accomplished by using an ordinary lumped element single it -section network 

and single section quarter-wave transormer, respectively. 

The output response of the multiplier is given in fig. 4.3. It may be seen 

that the multiplier gives a maximum output of 400 mw at a frequency of 

1.693 Gress. The response of this multiplier is such that it gives a 2 db band-

width of 46 MHg  and a 3 db bandwidth of 51 MH$. It is apparent from these 

measurements that the bandwidth obtained is very small. The multiplier behaves 

more or less like a narrowband multiplier. 

Since the bandwidth obtained in the above case is very small, it was considered 

necessary tq(multi-seotion broadband matching networks instead of single net-

works. The matching sections were broadbanded by using a two stage 11 -section 

network for input matching and a two-section quarter-wave transformer for 

output matching. This schematic is illustrated in fig. 4.4. A brief design 

of this broadband output matching network is given in the following section. 

4.3 

 

DI( OF OUTPUT MATCHING NETWORK 

The output resistance, (Rout) of the diode for frequency quadrupling is 

given by(25)  

Rout 	n 
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where. 
04 is the diode ospaoitanoe in pt at -d voLts 

fin is the input frequency in twin. 

Substituting for 04 sad tin, it is found that 

Rout = 3.7 _n_ 

This is now to be *atobed to the line characteristic impodanos of 50 

hence the impedance ratio ( r) a 	3. The deoir d bandwidth of the 

transtoraor is = *~ - 	a * 10 = 124. 	It will therefore be sufficient 
1.7 

if a matching tra"fo 	is designed for a ODA bandwidth and an is rodt as 

ratio of 3, 

froa XOU%' s tables(2d, 2?) ,, It is found that a tiro-ssotion transforaer 

provides the desired impedance catching over a 201 bandwidth with pass-baud 

V3W i of 1.01. Sines this p&"-band YSWA is not very high, it was considered 
adequate if a two*ssotion transformer is used. deferring to lounge tables( 27) 

the impedances for a two.section Tchobyshett qu rter-wave transformer (for 

an 3,rp danos ratio of 3 and tractional bandwidth of 0.2) era found to be 

$1 1.3207 	 (4.1) 

1 

Z~  =  2.27  (4.2) 

Where ¼ and % are the noraalised impedance. of the two quc ®a »xatrs sections. 

36 that 
Zo a 1 , and 	?,j;1 a r 	 (4.3) 

for the terminating line impedance. on the left and right# respectively. 



ill 

for actual trbris ti ►A at WIS transtorasr, a sylin •rteal ssn►trs conductor 

was loostad in as enolosuls bad a squats cross esotion (us fig. 4.4). 

fair sash a strualurs, the o "Wterisds redasas is divan by the 

►o s 	l'g1Q b $ 2.54 (4+4) 

when a Is the dUastsr of iansr Conductor and b If the lsn6th of arts 

aids it the sq .n sister conductor. 

the ratios b for the two sssttans can be cow Oaf. 	i► tso* the above 

equation.. The aalsnli►tad 	ratios for thiss esctions are given is Table 5. 

T1 	9 

i$act#os r 
r 

++ 	cs 	t 
r 

Matio b/s " 
t s 	.. r ~. ~..., ~. a.a.a...a.. r r r 

5sls U.ft b a 0;15 ,, we obtain 

al * q*54x" 

as a 

In ord~rr to is s into s oo it the roo otive loading of the Use* the length 
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of sash ssstiu 	kept althtii less then quart v " lso t ► at the centre 

.fxequemy of 1.Y tit&. A d taUsd drsvint of the died. count with the bros4. 

bra 3o►ut and output .stshin sections is Oven is tie* 4.4. 

finally the elttple*r Ms t.st*d with broom t►ut *ad output astohIg  

arti.O*ts. While optisistag the soltiplto' for power output#-  boodv ith and 

spectral purity, it is yp.et d that the power output and bandvidth at the 

ilttplter depend to a g*ist deal on the satO1 ecoditioss of the diode 

and the source. The t.t that is say was also per embU4 y obs, 

Di 't.rwt sets of romltugu wet. taken for ditterant austobtag auadtt s botwass  

the died. and the source. Thaws are ,plotted is tige. d*b( ♦ 4.5(b), 4,5(o) 
and 4,5(4). gram those plots, it can be seen that for a broadband øpatatto. 

the dttcisocq obtainable is mateuore.y tel, the 	rassntu on the 

frequency alttplier t» irate a aant*m 2 db bandwidth of UUS 14 with all 

ether bu acoiu and does frequencies do%* to s stnisua of 40 db. The power 

output error the entire 315 *1 b*Mwidth vss at lit 155 mi. this .eosre"a" 
o rox -  

to as efficiency of/ Sight prrsaat. 'rot other sets of se"Ut ats„ .bo in 
gags* 4.5(s) to 4,5(a), it sight be observed that It is possible to obt t a 

larger p.rac output i.e. afti tenoy by varyth the satebing conditions. The 

rsultiz7g bandwidth in that *%so is l wevez' sn,KIler than ,135 **- amu* grapes 

itlustrat, that the .Ctioi w.ay and bandwidth are ist.r.d pendant. Lugar 

efficiency son be obtained U the b**dxldth La reduced. Alt natal►, a large 

bandwidth operation, ossssrily r. lts is • reduction in the overall ccuvewsioe 

ties ty at 04 aultiplt. 
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Th ptcgrrphs of the broiab nd frigni,e y qu&UWl r and the dsod. haunt 

with its input and output a*tobing nctwortø a s tvn in tier. 4.6 and 

4,?, re p "tt 	r,. 



FIG. 4.6 

FIG1.4-.7 



5.1 8 	1 If pl 	U 

Ia this thaia, a .tud.y of tom► brosdbs an trar bsaoa a Sons for was 

prsmWo The pxtisrrj object vu to obtain a broadband frsiuec1 au1tl. 

pllostion ocmsist.nt with good Qvar,a).X parx`oranua*. 1 frrqueacy i*4ru►p,1er 

td s ng a rt 	OOV diode was sotuaUy desig4*d, fabriestad and tested. 

the first to chaptire of this thasis de . with 	 pica s of %rotor dtoctss, 

prte►atpls* of f iasno, mutt pLioat&o* using ao ventional, (depletion 	gar) 

varastors azad step rocav r, diode* and other circuit co *IAsrstioms in 

4.si*nto, motor su1tLpZt.rs. Vèrsctc trs ex r sult4a rs can be osts. 

oris as spot £r 	y (i.e. as o 	multipliers and broadband troqu+aa, 

multipliers. Lsre sijjasi wausis of spot trscaency varautor (oo ventlo al ) 

aultipZierf with sad without4tbbut idlers was d.soribnd in detail ll ,qui the sdvsntses 

of using ,ers have bun al y szplathaU. 

A deruriptios of a broader tr u.noj l p er with its basic block scbsaatio 

exl+iain the function of each part was given and the bandwidth  11*1 Ums 

arXs faz* a p irwmt of having only one bsaoni. appear at the cutpt 

have base xplatnsd, 

The later part of the thesis dot with the d in of UBt ac tuuator, input 

sad output filters, needoc need in the agnbly of a brosdtisnd aultiplier sad the 

testing of the Integrated unit. The input 1 owp are filter was designed to a 

cut.ott tr.quency of 400 *s. Function at this tutor wee to aSlov ool r the 

fnMaasnta frequency to pass through sad to prov d. isolation between the 
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source awl the diode Sato igInsr*tor for the output 9x*quoioy z +. of 

1*14 res to 1.94 Mac. the baodpmss tutor used as an output frequsecy 

•e l.oB►g circuit was of intordtgit4 type. This filter was hum for 

a bs*dwiclth of 3O.$A cantrid at 1.54 411*. Nov*"$#  r shift in i.ntre 

trIqu.0c3 towards th. low t utu*y o f was observed when the tilt. was  

actually fabricated an tested. A 	' aecbanic.11r tunable oscillator was 

built to servo U a priaar,y source for the XMVIRGI $ ist sad was 

tested for its .poser output szxt spectral purity. After OWNand sdjustin  

these ceapacwnto itiriduaUy, the treqn.Llq multiplier was rs 1.o sad 

torted. 

Usrsat sets of rasdias varo t*sa for different i*toh2zig o ndittaos 

between the diode and the, sumo, those have bean plotted tafigs. +1«5 ,r ,► 

#. (b), 4.5 (0) sad 4.5 (4) . has these ploto%  it is ses aw that for broom 
bend oparettoo, the newsier if fiOlenoy obtatesbis is relatively sash. 

This errs in any ass. a etid to be so. In one topical ass. the efficiency 

of the troquowy qumdruJp ez was prod to be otlo.rt eight percent over a 

baadwid h of I35*. 

bra 	$  

Tb. bandvidth of an o4ises ault$plie, is liar&t.d, fundse nts1l,y=  by the 

re titrrost that oD more than one bsxsonio 0044  appear at the output aIai1' 

t&wUsl; . for issplo, 0 staple treueAoy triplet if desi .d to ba Ye o ur$ 

than 2L bandwidth, the output o&ront passes fourth end second hsaonioa 

what the hars►oto ge ata is operated at the :'fir end h1jb.r edge. of its 

trogr o; óand, uspeitiv& y. In the a wry a fro*usncy dsablar Is Uattid 

to Marr a asz4mn bandwidth of 4tt4. 1* pxsotics, however, the rtr$y rsotonoss 



121 

aurstetsd with the diode and the $Wsissi rsdiswtito of the r iirsd sir uit 

will tend to further Muse the uratul beth. 

Vara oto r 	sits generators for broader bsndviAth operation (tom It possible 

with a sinus diode) can be des id by using h u c d si lts. (A)  those 

balanced off site avoid the possibilit of Interaction of different hoxacaics 

at the output by saparatisg wars ad odd bio cooponecti of the wav►taa. 

A •less b4sncsd otr4aIt Is shwa in gig. 5.1. in a dear to separate the 

*"a and odd hariouia ooøpon.nta, It is necessary that the drive currents to 

the two diode be is ssttphais. this is achieved neon. at a trsnatoaer 
as sham. the actor sass of the rosultesrt ltsgs waveforsa *s ins only the 
eves Wwwnics a the vootor dUTorenoc only odd harsonics. Thai slue the 

output Circuit of 'ig. 5.1 loess the vector sue, it suppresses odd harsanics. 

ooub1.`M usit such balance petits can have bandwidths ths of the order of an 

octave. 

the r+*tput filters for such balsssd sultipLi. s can be or interdigital or 

digital elliptic tom, These ,1iptio function tl]t.rs ) bays Wry sharp 

cutoff'# a ase whereas the ihmrp out-on response to the canon of an tstor-

digital filter can only be achieved by having larger suabir of * unatsrs and 

high mus at ,psssbaad ripp7►e. Because of Urn Increase inaaher of r sonsters, 

the align rut and tuning of the rssonatoa is rendered sore itUt.Wt wbUe 

ast 	the tutor for optima resirnos.. Furtherwor., the tsbrlaatton bas er 

sostLy and tedious. Z1ipt#Q ,nonan filters, beams* of their stssp mirt  

sl sraatrristiss, when used is balanced aeltiplisre will Provide better rajeettos 

for SU amiestw+d hia+aaie freisaaeies. Since those 1tpttc filter. are suitad 

to vi ebamd (gnat.: than 30 percent) dwiga., they can Mont be used for 

echoed rr qu*sJ sultipUers sra.rti*g for the r balaasad deebier. $• vo 
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DIODE 

'PUT 

vwvL. L. 	- 

FIG. 5. 1 	BALANCED CIRCUIT 
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M e to tar bass "V*rtsd In the lituzn►tut., Otom the abwr• * itionad ** s.pt* 

ha. bom w-taioed tO .vDi v* optiMl 4ssIis, This Is wuLquss1uy as sxss 

that Is apes for further Investigation. 

on the themttcul •yrs s3ao this field is %",* apes for ,truer vo*. Thr 

d+rpatdaaau of conversion + U# *gas r on the bandwi4th is stili. unkcwa. Also 

the asAysis  at broadband cotOz u t14lis's with awl vtthezt yrs is 

still Iscosplet.. This thesis wort con be ss's rd aver a►y CC the lines 

s*giustsl above. 
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