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THE SCATTERING MATRIX OF A SAY SECTIOM

ABSTRACT- The scatterina and transfer scatterine matrices
are determined as ¢ function of ‘reouency for " enual basgic SAl
sections. This uses a nreviously deternined ecuivalent circuit
which was analvsed on chain and adnfttance matrix hasis. Theoee
results allew for a ceperal but cuite practical formulatinn of
a theory for SA" circuits including coveraas of multiport SAY
davices.

1. InTeegucTint

fn the last decade considerable work Pas been dona in the
surface eceustic vave fi2ld, startinn from tie treory and nrin-
cinles of oneration to the desinn and fabricption technicuec, 't
has been shoun that in the desian of €4Y devicer a circuit nodel
redresentation is its cormerstone. Fspecially a frequency do.
main eauivalent circuit model [1,2,3])has nroven renarkally suc-
cessful [2Y, in characterizing the exitation and detoction n?
surface vaves., Usually only the transfer characteristic and in-
nut admittarce at tle electric port of the interdinital transdu-
cer, as a vital part of cvery SAY device, are dotermined - using
chain ane adnittance natsix analvsis of the ecuivalent circuit,
However, the reflections at acouctical znd,as well, at the etec-
trical port are also of vital inportance, There are some papers
[3, 4] dealing with reflection coefficients but only at the syn-
chronious frequency. In this paper the scatterinn and transfer
scatterinag natrices of a SAl device section arc determined as a
function of Freouencv. The startinn point is the couivalent cir-
cuit of a tasic one electrode pair section in the nost neneral
case of the ratio of the slectrode width and snacina., Using the
nrevious ¢hain and adaittance matrix results the scatterin~ an-d
transfer scatterinn matrices of I' eoual Fasic sectians are de-
termined,

2. REVIEW OF EPUIVALENT CIPCUIT SECTION ANN SCATTERINA “ATRICES

The basic structure of a SAY device 1s one eolectrode nair
section as shown in Figq, 1, Its equivalent nodel with one elec-
tric and twe acoustic norts is eiven in Fin, 2 [1]. The acoustic
variables are the velocities and the forces v, % v,, F, & F,,
and the electric ones are 13 and Va. The relat nnsh{p bétueeﬁ
the variables is niven by:
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vhare: p = densily of the subetrate
A = Cross section Area
v = sound velocity
b= electrnaaechanical counlirg grnntant

¢ = turns ratie of an rcoustic-fo-rlnrtric circuit tran-
cforqnr
a ard T gre the furctinne of thre ratic Ly -)/“1.
and i donetes the nosition of L'e rarticular ~lectrocde pai

It choula b2 pointed fpt that the toction oncd fts conive-
bent =ede, are reperaldiy valid ‘ar oany ratie of ploctrern pidth
Li=5%y ann alecirodn snacinn 5 )

; L

4t s vat) brovn [5] that the scatterine Aatrix * of a
netenrt characterizod by its adnittance iatris Y can I'n deter-
2ipd 2y
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vhere ¥ 48 the adnittircee natris nf tle 2u=annted notvork
which i skovr i Fia, 4,
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The transfer ccatiarinn aatrix T, dafined g in{s], can ta
arrresset in terts of the ‘1i‘t ffdne © ooreir as fallavs:
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J. OFME SCATTERLHA (IMIRICES PR A SECT1a0s

teraire the scatterin-

H 'trur‘uro consisting nf
oVt in "1".'1. Tn te atle
) r' T}y ove can find

. rIcrnr(\n' te Fiag.4a and

Tie noal of this paper ie to |
and trarsfor scattorine =atrix of a
eoyzl rrsic sections c¢onnocted as
in achiove 4t, as can ho spen Tran |
the adriitiarce of the ihﬂ10 structur
{31, (4), 12 and (A) wo find:
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Taking into account the basic sections in Fin.4a are con-
nected accoustically in cascade and electrically in parallel, and

that yi' and Y32 in alternztino sections have onnosite siagns {3),
we oet?
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Dfagonalizine y using a unitarv transformation the product is
seened to be:
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Mow, using (21) the admittance matrix Y of the whnle structure shovn

in Fiq., 4a and defined accnrdina to Fin, 4b can be calculated as
follows: _
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vhere Y13 and yg3 are qiven by (6) and (7).

Substituting (22) into {15) we can calcutate Sii‘s and,
therefore, T at any frequency. The calculation is straightforvard :

but the use of a computer is helpful since the expressions are
rather bulky,



4. DISCUSSINN

In the above we have determined the scatterinn and
transfer scattering matrices of AV seetions usinag the enyiva-
lent circuit availatle in the literature. It can be spen that
the cases discussed hv Snith et al, inf3, n. €007 ara only
the special cases of

Sep and Soo when Poap in Cflp o onl Y
¥ and a= 0 ("crnss-%*eld"no%gl erat il{'?n ling* ﬂgﬂﬂ1}.
L

Of marticular importance are the Z-nart nurely re.
chanical transfer scatterinoe natrices since thknga simnly muttiply
vhen SAY sectiens are cascaded,
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