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INTRODUCTIOR '

Generation of high frequency {»10 Miz) surface waves on a piezoelectric is
simple /1/, but on non-pleecelectric meterlals the problem arises of how such
waves con be excited esslly and efficlently. A possible mesns is the transfer-
ring of a wave pystem generated on & plezoelectric substrete, directly or
through a coupling mediim, to a non-pieroelectric substrate. A few methods
heve been considered by various workers /2/. Cne techinlque which hes recelved
little attention is the use of s liquid-drop-couplant whlch was first tried in
this laboratory briefly /3/, and go in view of the objective of propagation on
isotropic (cersmic) materials it was decided to conduct & comprehensive Lnvesti-
gation of the possibilities of the liquid-drop-couplent.

In easence the system is shown in fig.l with a magnified disgrem of the liqutd
drop shown in fig, 2, Rayléigh surfece waves generated by the transmitting
interdigltel transducer (1.d.t) T on the plezcelectric substrete I, propagste
along the free surface Into the zolid/1lquld region where the surface waves
radiate & besm of compressional waves into the liquid at an angle :1. Op t1imum

surface wave transfer to the substrate IT ig achieved when 9y snd Oy, satisfy
the relstionships Ve
sin O'I o - end ein OII = £ (n
VR(I) VR(II) :
vhere v , v end v are the compressional wave velocity Ln the liguid and

the Rayfelgﬁ‘%zve velgglizas on the substrates 1 snd I1 reapectively.

THEORY .

Before describing the experimental technique a brief reference will be made tro
the development of a simple theory of the transfer process. By way of introduc-
tion the definitions of eggentisl parameters will be atated.

Transfer: the transferrence of the surfece wave gystem from one material
surface to another.

Foward transfer: the trensferrence ie from genersting to recelvlng substrete,
reverse transfer being in the opposite direction.
Mode converaion: the chenge of longitudinel waves in the liquid to surfsce waves
vhen incident st the criticel angle ¥y ; on the solid.

Coupling distance (d,): the length of }lquidfﬂolid interface over which
converrion eEEectlvely occurs,

Couplent: the intermediate liquid medium between genereting and recelving
surfaces. .

Tranafer efficlency: the ratioc of wave energy density on the free surface of
recelving subatrate to that on the free surfaca of generating substrate,

An exact theoretical senslyeis of the liquid-drop-coupling ie complex, but an
approximste treatment is possible by making the following eimplifying assumpt-
fone;

1). the surface waves on the free solid surfaces suffer negllgible ettenuation
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and no loas of amplitude is experienced on entering the solid/1iquid region.
2). Rayleigh wavea continue to propagata along the solid/liquid interfece and
their attenuation ia solely due to radiation of compressional waves into the
l1iquid, '

.‘«l)c.l There 18 no absorption or beam spreading of the compressfonel waves in the
11quid end tha liquid has negligible viscoaity.

4), There in conservation of energy in the mode converaion at the liquid/solid
interface,

From thesa assumptions and following & similar enslysis to /4/ it is possible to
exprese the transfer efficiency ae

2
n - exp('ﬂ;z) - exp(-ﬂ&ts) )
oy -

vhere of  snd o{__ ars the sttenuation constants of the waves slong the solid/
1iquid interfgzes of the substrates I and I respectively end £ 18 the coupling
distance as shown in fig.2. A 1s » constant dependant on the wmaterials.

ofy = ely(cosdy /eost ) . o)
Optimum tranafer occura when
s - l:loge‘(dt'.z - ﬂ:d’(ﬂ; - “II) {4)

Attention i{s drewn to an expression recently reported by /5/, who derived a
pimllar expression as (2} sbove snd have the constant term

A = ﬁq'tqu (5

APTARATUS

An apparatus was deslgned for supporting the specimen snd positionlng the 1.d.t
substrate which allowed for directlional slignment and chenge in the sepavation
distance of the transmitting and veceiving transducers additlonal to adjustment
of the ‘coupling engle ¥. The i.d.t, were fabricated by normal photoslithographic
technique on Y-cut Z- propegating tithium niobate substrates for high electro-
mechanical efficlency, The transducers stattec ceapacitance wAs tuned with
Inductance coils and the insertion loes for two tranaducers used as s delay line
on & 1ithium nicbate substrate was measured to be 10 dB. The r.f. driving volt-
age was supptied by an Arenberg PG 650C pulsed oscillator with a macching-output
attenuator the signals being observed on a Hewlett Packard 180C oscilloacope.

EXPERIMENTAL MEASUREMENTS ARD RESULTS
Table 1 summuarizes most of the results discussed here.

n). Messured values of the two way transfor efficiency were Iin genersl higher
for coupling with water then with silicon oil. This could be dus to the effect
of viscosity. Experimental ¥y, was also generally lower then the theoratical
estimeten and the theoretical efflclency wes approached only in the case of
glass and stainless steel with water coupling. This could be partly explalned

as due to failure to achieve optimum conditions in practice but materisl

296




Proceedings of The Institute of Acoustics

THE USE OF A LIQUID-DROP-COUPLANT IN SURFACE WAVE TRANSFER
TO A NOR-PIEZOELECTRIC MEDIVM,

propertien way well be the maln ceuse, ‘this view is supported by the obaservation
that no transfer at all was ectiieved for copper and brass substrates contrety to
expectations of the theory presented. The seme observation wes made on a varfety
of matariata with lovw purface wave velocity.

¥ Water ¥ sioil dn r mm
Specimen 'IT Ll
Expt. Expt. (Theory |Theory
ﬁheory Exp;. Theory |Expt. [Theory {water | S1 oil water §151 of]
Dursl . *5.0% | -4.8°) -2.7° |-3.4° | -4.4 =10.4 1 -11.8 I.2 2.0
Sode «1.4% | -0.7*%] -1.0° |-1,2° -6.2 - 6.8 ]-11.6 1.2 2.0
glasg
Stainless =5.4 |- 6.5 | -11.5 2.1 3.3
steel ~5.0° | -6,3°] -2.7° [-3.4°

Alumina 10,6 | 11.3* 6.!° 7.5° =6.1 - 9,2 |-14.6 2.5 4,2

.

Copper ~16,8° -~ B8.5° -5.7 1.6 2.6
: 1.4 2.3
Brass - 22.4" =11.4° =6.5
TADLE &,

b}. L). Equation (1) predicte that there is only one value of coupling angle

¥ = & - e, (6)
for peak transfer. Variations of ¥ with ¥ however shawed more than one peak.
Fig. 4 {e the veriation for durel with water coupling. Only one of the peak
engles corresponded to the calculated value although alt observations indicated
that the waves generated on the specimen at each peak were surface waves,

£1). Variationa of N with £ egreed with theory., Fig. 6 shows the variation for
dural with water coupling. Both fig. 5 end 6 demonstrate that the settings of ¥
and ® sre importent but smell devietions from the cslculated values sre tolersble.

c}. For long term use the bost couplents are those liquids with a low evaporation
rate, The 1iquid should d1sc wet both surfaces end form e well defined meniscus.
The Iiquid crystal MBBA wes tried. The possibility of eligning its long molecules
to lwprove coupling proved unpuccessful and it tends to chenge with Lempersture
and in time sbmorbs molstura from the atmosphere. Ferrox - & stable msgnetic
fluid with very low vapour pressure was also tested. Expeciments were performed
to see LIf the wave transfer could be modifted by the epplication of a megnetic
field but no change Ln the coupling efficlency was ohgerved, However under
certain circumstences of spplying the megnetic fleld the position end shaope of
thedrop could be stahilised and could ensble the system te be operated Ln 8 non-
horleontal position.
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A study was slso made of coupling with different concentrations of polyox/water
golutions and it was observed that there was increased generation of bulk waves
as well as surface waves with iricreasing viscosity. Coupling efflciency of
polyox slso displayed a characteristic time dependency shown in fig.7. The
explanetion for this behavior is not yet fully understood. The general trend of
the variation (dotted line) has been shown to be due to change in the size of
the couplant drop due to evaporation.

CONCLUSION

It has been shown by both theory and experiment that the liquid-drop-couplant is
an efficient and simple technique for surface wave generation on isotropic
substrates. The unexpected variations of | with ¥ requires further investiga-
tion. The time dependence of thé transferred signal in the experiments with
polyox may present a method of studying time~-dependent phe in gmell
semples of pseudo-liquids. The use of magnetic fluide mainteined in position by
magnetic fields could increase the scope of applications.
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