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Abstract

I siilf; I lK, aflli]it taucr nlat rix I rpl esr]ktation for

t }w f lrsfrilJt ion of nlicrowwvc de!,ices can lrad to sys.

I rills kvit,t] a baII<lcd coeffkient matrix. In this paper

!vr CIOSIrilw an efTlcient procednre for tlw soltlt, inn

(}f 1M II([c( I linear .sys tem.s. ,k coalpara{ive study be-

t tvrr]l I Iw l)rorr(lllre propcw(l Had two o(hrt crrTlI-

lIIfJIIly Iwrfl 1m.lltli{lurs is lwrf~)l nmi indicating tt]al,

t IIP t,rwhn i(ll Ie prrsrnt wl in this paper is indeed very

rflcrt ivr.

represent at,ion (Fig. 1) [5] t I,at. i}] mathcmat iml t m ITIS, is

eqllivalent to a linear svslern wt ]ich rlcrds to he s(~lvrd 1[1 find

the rlertr ical Ix.lmvior of t lie (irvic(,

A hxllniqlw that can he Iwed tr, solve I lIr svstrm is the

‘Gallssiall Klirninatio]l> t(’chniqtlc wit II ‘llit~kslll)sill Il!i(m’. An
altw naiive prrwdwe is lmwd 011 rrmlrsirrly rr(llwil]g two

connected admit Ilance mat rices [(~ a sill~lc n]af r ix IUII i] a

single Y rnntl ix is ol)lailwd /(i]. .

III Reduction to a single Y matrix

I Introduction

The anaiysis of micr owavc devices composed of cascaded

I miform wa vq+ lick-s grmrrally reql Ii I es t hc soh ~tion of a linear

svstem wllicli can Iwcornr the main (:c)rrlplllatioll;\l rffort I I ].

“1 he sit,lat it,rl rarl lx, irnprovmf exploiting the characteristic

{If t IIr rvmflicim]f mat rix ~’,?], ,41t II(JIIKII there are a mmlhcr

[~f lmssIl)lr IIIP1 lIf As t o perform t II(. analysis of microwave

drvicm f)f I II(, (lass ~lisrlwsrc i III I his paper, we find Lllat

ttw adrnllta]]cr mat I ix rep] esmltal iol] ]3] -[5], is adva Id a~errlls

lwraIIw II C: III ,vlsilv I,VIC1 t () lHIII(kYl lineal svsbms.

In I lIm Imlwr IV(’ descr’ilw a tecliniqlm for solving banded

linear syst ems 2111(1romlmrr t 1w mmhcr of operatio]ls re-

cillirrd }~ltll tlw ones re(ilurect by staudar(l t,rd]ni<itws +ZWIY

shmvmg 1 IIC tirno rmlllcf ion intfrodlmxl.

II Basic formulation of the prob-

lem

/\ rnlcl(m av{’ (1[’I ic(, [,()]]s]+t llIg of IN (wsradr(l wavr:lli(lrs cau

be desmlwd as t hr c(mnf’ct ion of N-1 waveguicte junctions

~nd LNlel]~tlls of llrlif[)rm wavr~i [ides. [ Tsing admitt aucc nra-

I ricrs, wr (;III (J )tairi a glolml mldt inlo(lr ecil~ivalel]t Iwtwork

___-— —. ..— ——
I [ It, jv,,yq; ,[$,,l Ittdi{o<,rli<.n, VdmtoifL. ‘+mi!j

This proce(ilwe is based on (IIC rr(llwtiou of i w() umur(t WI

multiports (}’ matrices) to a siugk’ one starting. for illstan~~,

from the last two. Proceeding in the same way for the rest of

the network, we can finally obtain, after (2N-2) iterations. a

single multiport representing the wliole st, rlwtrrc. OIIW t Ilis

is dorm, to complltr the scatt rrir]g para.rnctrrs of t lIe nti-

crowave devim we (nlly Iwed to soivc I Im Icslllf ]IJg syst rrn.

h Tahh- [ M7r sllrnrnrrrim- tlIc l]llmlx,r of ()[w1 AI if)t]~ (tnldt ildi-

-) tlJ+It, air lffl,lirrdcations and invcrsiom of col II1)lc,x mat ri{,es

as a flulr-t](m of llw nllmlwr of wavr~lli[k’ sm’ti(n]s (IN).

IV The iterative technique

Consideri]]g :]gi]i]l ttIr lnldlirn(xk c(iltivalrl}i IICIUYN k I q)re-,

sent, atml slmwu in Fig I, wc II(){C ltInl :1 lmIIdrd Iilwar

S,ystx$lrl (;UI I)(J sltII1)iv t)l)laitt(ul IIV iltljx)sitlg III{, f{jlilit)tlity

crmdil iol]s fol I IIr volt agrs arid CIII t(~r]ts at 1IN> ,jIIII{ t rf,l]s

‘f%c next sirl) is tlwt[ 10 l(m(l tlw rj(l~v,)lk \villl ttw cllaIrIr-

Irlistr[ a(lnlillal]rr (If rmiI 111(,([{. af tlif, Iri[)lll aII<l ,IIII]JII1

wavegllides, ttuls ol)tainillg the 2N rqlwltirms
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wheI e 1,,,. , is a vector of cfi mmsion equal to the nl lm-

her of In{)dm cll<JselI in t lle first Imiforrn wavegui(le allrf

(j,,w, (i I. 2, ., ., NL1(.N)) arc mdi vmkns ilavin~ dinwusimm

mplal t <J III(, iIILmlN~r of modos CI)OSCU in the rxwrfwpollding

r-t 11 waregI Ii(ic ‘Nw matrices ~),,W, and l’&,~ are (Iing(ujal

sqllarc matrices containing. respecl,ivr-l,y, the charactcrist ic

aclmitt nnces Y/ii) in the elements (i .- 2,3, . . . . NM( 1)) of tile

dia,grmal, and } ~‘~~) in the elcmmlts (i == 1,2, ..., NhI(N)).

The vector Z/~!, (~ -: 1,2) is an ,mknown vector of fr-arrs-

rkpmhn VP.<.

A II it eraf i \r proccdlnc for }lIC sO1lI( ion of the svst cm can

(9)

(10)

we can

(11)

}-(2.1)
WJ%I

(12)

‘fllis procrss can he repeated llljt,il we reach the first eqlla-

t ion ( I ) so t l]at t Im s lJaranlctcrs can he easily cornplllcd,

“1’lw f (JI al III irnl)el of opwat Ions rcc{llirerl by this met lIOCI is

grvc,J ?l~:lil] 111‘1’al)lr [, .4s wc call see, the iterative tecl]nicpw

reqllil (’S almost Ijalf as manv mldt implications as the redlwt ion

trc}irii[llle Lvllilr Ix)t,]l lncl 11(x15 l(fplirr [)r:~ctlcally t,llr same

lJllnllx,l of Irlvclsiolls.

(6)

(7)

(8)

V Comparative study

VI Conclusion

A siml)le iterative tecimiqlw ]Ias hem] present d for ill~w+

ing the banded linear svstmn givrll hy mim owavr devices

composed of sections of Imiform wavcgllides. A conlpara-

tive Stlldy c)f the C’l>~l 1lme rrqllirrrl l~v otlwr nx+li(xk+ has

also bcell performed. “Il]e I-rsllll,s ol)tair!c~l il]rficatc !llal tile

Ilse of the It erat,iw= techniqlw call indeed prod{m= slll)st,rs]]t ial

rechlctions in the complltational cfiori.
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Method implemented for Number of matrix operations

solving the linear system Multiplications Inversions

Rdllrtioll techniqlw 6(2N-2) 2N-1

II mrtjiv(> 1(.chni(pw 3(2N-1) ‘2N

Table I:

Nllmher of matrix operatlolm (nlldt,iplications and inversions of complex rna-

t rices) IWIT lird For sol vi rig a waYegl Iidc st,ructllre composed of IN wave,q rides.

Tuning element Ridge Waveguide

placed in a (mm) b (mm) w (mm) h (mm)

1st colq>liog window 8,707 9.525 2.00 :1414
2nd ccmpling window .5.107 9,525 ‘2.00 4.071

3rd coupling window !5.109 9,525 2.00 3.564
4th collpling window .5,107 9.525 2.00 1.071
,5111co}lpiing window 8,707 9.525 2.00 3.41’1

!1Tuning element Ridge Wavegllide

placed in 4a (mm) \ b (mm) ] w (mm) \ h [mm)
L- .

IS{ cavit,,v l!i,050’ ‘ ‘9,525 i.oo ‘ :i:w ‘
h{ cavity

‘~”
9525 4.00 ~,!}op

:31(i cavity 19.0.50 9..525 4.00 2.992
Itll cavity 19 rho !),,525 400 3 32.!u

Table 11:

Dimensions of the 4-pok. m~rmwave filter analyp,d

=

solving the linear system

i{edl Icl ion f cch]]i(pl(

( ;rr!lssian [jiinlilla( ion t ednliqlle

Table III:
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Fig, 1 Global multimode eql~ivdrnt network qmw=n-
.

tation of a microwave system cornposcd of iY wave.g-

uicfes.

ri~. 2 4-pole microwave filter with timing elements cho-

srll as all f.xarnple I o evallud,e the (.ll> [~ t i me IT-

{Illirwi for 1lie al]alysis of a complex strllctlmc

(first cavity Imlgl h 105mm, second cavit v 13.3mm).
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