Fig.2--9 .Magnitude of the reflection coefficient of the
transducer No.l in rectangular coordinstes. The horizontal
geale is frequency centered_ at . 583 HMHz with scan width
f=40MHz. The freqﬁency difference betweoen any ﬁwo aéj&ceﬁt

ripples is determined to be 0.58 Miz.

In our case, we take v=7300m/s and dz2.1lmm in Eq. {240},
the results just conform %ith the.experiments. |
From Fig.2—9 we can see that the .ripples can be
 divided into two parts, one is much stronger than the ather;
The twoe are arranged one by one _alteraatelya_ Here wer
consider that two echo =ignals have beeﬂ.detécteﬁ. Since the

first one is stronger, so igs the interference.
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C.The perié&icity of the ASL

As mentioned before, fhe ASL can be viewed éé- éomposed
of & geries of sound 5—sourceé. By the action of an.electric‘
4 pulse, each individual sound source will launch a scund &
pulse. Then these sound pulses will be trénsﬁittei into the
transmission medium one by one. The time} interval hbhetween
‘any two sound pulses is determined by thex spatial interval
of their sound sources. The time interval aﬁﬂ_ iﬁe spatial
interval differ from each other by a_prapérﬁiéhal_f&ctor Ve
the velocity of the sound wave. Thus froﬁrvSiSSﬂﬁéfs and the
value of the time interval determined in gzmmz't=3aﬁﬁnzi the
periodicity of the ASL can be estimated,‘nwhieh :is 13.2pmm,

the same ag the value measured by optical micrescope.

D.Power flow density in the transmission medium

The transducer discussed here can be used inrmany WRYS
such as acoustic delay lines,; acoustooptic deflectors,
accustboptic modulators etc. In applications of acoustooptic
devices, the intensity of the diffracted light is directly
proportional to the acougtic power. Therefore it is worth
while disc#ssing the power flow density emitteé.hy the ASL.

First we must derive the acoustic Poyuting vector

which, in our case, is

5 2 - ‘
N = . . 2 A
3 v T v3 3k .( —edd 2 }

s

Here v3 is the velocity of the particie in vibration, ¥ is =&

unit vector along the z-axis and
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1. jlwt-k=} ';'.; ., Jji=?® ‘,
?Su_iJke f hsa(gg}ﬁgiz ‘e | dz
. oL, .
slniﬁkﬂ{a+b}] 1 1 Co 1
=-2h__D [cosmk(&mb}ucaémk(a+b}]coswkN(a+b}'
33 3. 1., . 2 ) p)
sinf{=k{a+tb)] :

2

_sin%h{awb)sin%kﬁ(a+b}} R LTI

In obtéining Eqg.{2--43); both real-sources and image-~sources
" sre included.

v3 cen be obtained from

6T3/62=932U3/3t2:pév3f3t , - (2td)

which is

V, S e  {2mAB)

3 D 3°'
C33

Neglecting the exponentinl terw, we have

2 _2 1 :
I S ‘
- 4h33D3vf51n2kR{a+%)}2{r 1
, £ [ate)ot

g:k— §k€am%}~ces%k{a%b}}

-

t .
i e i
(333 Slnzﬁ{& 'b}

2 .
i : E
xcosﬁkN§a+h)ﬂsin%kiamb)sinéhN(a+b}} s . (Zwm45L

The power flow density is then expreased as
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Pk . R _ L (2—AT)

in order to gain an insight into the merit of the ASL,

jet us consider a syrecial case of a=b. Eq.{2-—47) becomes

: 2
infk
dh 3D3 sin{kNa)}

"

1 cos%ka

5 .
} sinz(%ka}cossza, { Bt B)
C

[ I e ) LU o

3

. 1
At resonance,; 1.€.; ﬁka=ﬂ/2,

2 hgsﬁiv
P4 (2N) o (2—r89)
Cay

1f the itransducer is made of only one domain, that is,

N=1 and k=0, then we have

hggbiv .
P4 en = . (2-560)

C
Comparing with that of the ASL, we find that the power

flow denzity of the ASBL is propartionai to the sguare of the
domain numbers. This shows that with the tranaducer made of
an ASL, the power flow demnsity in the transmission medium
can he greatly increased. This conclusion is very ugeful . in

practical applications.

E.Something more about the tranaducer

An inspection of Egs.{2~-=17) and {2—24) shows thatl if

We exchange the positions,éf 2 and b, the results are quite

i ] corn



gifferent for difféféﬁ@ casesg: qu(zmmif}(qu resonators)
remains the same, whiié Bg.{2-—24}) (for .ﬁfaﬁéducers} are
changed. Physically, these results arise from the different
bcundéry conditions of resconators and transducers. In order
to explain'theserresults mere cléarly, ‘we will resort tg
Figs.1i0 and 11. According te our derivation, Eqsf{2;=17) and
{2.-24) avre valid for the situations of Fig.2-—10{a) and
?ig,2mmil(a}, respecti%ely. The permutation of 2 and b ip

Egs.{2—17} and (2—m24} is equivalent' te transform the

{a)

b o 2 o]
(b}

Fig.2w-10.8chematic diagrams of resona{ors made  of
ASL{electrodes are omitted). Domains with their polarizatiop
directions towards the right are defined toc be positivef
{a}The thickness. of the positive domain is a. {b) The
thickness of the positive &omain is b. It is easy ﬁo seé

that the two ASL are the same.
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situations of Fig.2.-10{a) and Fig.Z2—11{a) to Fig.2——10(b)
and Fig.2-—11(b}. For réécnatoré,these two sitﬁaiiens are
the same. From Figselo; we cen see that either Qné can be
obtained by simply rotating the.other by ISUO.ahOut an axis
perpendicular to the sheet. But for tﬁ:'ansducersP with a samne

ASL, two different'transducers_ car be =made as shown in

}
|
}
Transmission
med ium

e~ & —=l= b}
{=}

|
|
!
Trangmission
medd i wm

ot

(b)
Fig,Z——il.Schematic diagrams  of transducers made of
ASL(electrodes are omi{ted)s Domaing with their polarization
directions towar&s the righﬁ are_defined to be positive. The
transmission medium is made of & single éomain LiHbOs
crystal. (a)Tﬁé‘tﬁickﬁess of the positive. domain “is  a.
(b)}The thickness of the positive domain is b. It is easy to

seerthat the two ASL are the same, but the two " transducers

are different.
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Figs.2—11. In Fig. Zwmli{a), the thlckness of the domain in
contact with the transm1831on medium is b, much smaller than
that (thickness of a} in Fig.mell{b). Cbviocusly, these two
situations are not the same and therefore the 1mpedances of
the two are different. But when a=b, there is ne difference
between Lhese two situations as can be seen from - Figs.Z-—11

and Eq.{2m®2§)o

§ Zreft . Summary

We have analyzed theoretically the ultrasonic
excitation and propagation in the ASL by +the piezoelectric
effect and deduced the expressions of electric impedances of
both resonators and transducers. The resgonsnce coﬂditioﬁs
show that thﬁre are bwo kinds of resonances existing 1in the
ASL. One 1is the main resonancs which is determined by the
period of the ASL. This makes the ASL of potential
applipation% iﬁ acoustic devices working at frequencies of
several hundred megahertz to several gigahertz. The other
" one, the satellite-like resonance frequeﬁcy,is related 1o
the total thickness of the ASL. This phenomenon ig similar
tc the satel‘xte in x-ray or electron diffraction due to the
ex1qtan e of a super-structure. By adequate choice of the
.electrode arca and the domain number, the radiation
fesistance or the real part of the impedance of the
transducer made of the ASL can be made equal Lo or even
larger than its reactance. The "transducers thus fabricated
will be very efficient.

Experimentally, we have prepared a set of resonators

and transducers. ‘Electric measurements verity our
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predictions. Resonanca £réquencies up to 10040 MHz:have been
‘detected in the ASL wifhigperiod of several  microns. The
satellite-like resonance phenémenon has been. observed faor
the first time in acoustics. This phenomenon is not shared
by transducers because of lack of the longer periadicity‘
Transducers with an insertion less close to 0dB at 555 HMHz
have been made.

Discussions have been made about some interesting
ﬁroblems. In the long wavelength regime, the ASL behaves as
if it were homocgeneous. Eq.(Zw—I?} {or 2~24} can be reduced
to the familiar one for a resonator {or a transducer) made
of 2 single domain crystal. But the physical parameters such
as piezoelectric, dielectric coefficients are averaged. The
acoustic power emitted by the ASL inte the  transmission
.medium is directly proportional to tBe square of the domain
numbers. This makés the ASL much more preferable in
practical applications. For Lhe transducer, with a éame ASL,
two transducers with different impedances can be. made
respectively according - to whether the thickness of the
domain in contact with the transmission medium is a or b,
‘This is due to the asymmétryl of 1ts boundary conditions.
This éhould be kept in mind when one prépares the ngple,
especially if the difference between a and b is very large.
Owing to the fact that the twe faces of +the transmission
medium are parallel, the reflected signals interfere with
the main signal and thus makes the refleetion coeffiqient
rippled. Therefore the electric characteristics of the
transducer are affected. 1In practice, +this should he

avoided. The method to eliminate this effect is either to

)



£ilt one face reiativeg_ié the other or to coat some
sound-absorbing materisl on the free surface of the . medium.

in short, theré remains much to e done in future.

Appendix

Consider an acoustlc wave propagauing along a direction
-13ing in the yz plane of 2a LleO crystal. This problem may
be approached-ﬁy transforming the constitutive matrices to
the rotated coordinate system. We assﬁme that the
propagating direction is 2. which is a unit vector along
the ncormal of domain walls of the ASL, and that " the =angle
between the normal' and the = axis is &. Then  the

piezoelectric equations to be used here are

T} (5)203,(8)8305 ()8 Ry (8)] - (2—A1)
T ()= C ($)S +C (3}Si*h34(5)3é ’ (2—~A2}
R} (8)2-hy (9)83-b L8805, (8) 1, (2—A3)
here

C’3(8}=n4021+2m2n2{C?3+Zcz4)+4mn3024+m4023 :

3 Db 2 2 D D 2 2 2..D 3 b
g = - - - -
34{8) ihed Cii mnf{m ~n }(813+2044} n {3m -n )Cié+m n033 .

22 D _.D D 2 2..D 2 2.2D
¥ = - - _
é(ﬁl.m_n (611 2013+033)+2mn(m n }014+(m nrj 044
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2 3 . . .3
hsg(&)fmn (h31+2h15)—n.h22f§5h33 s

4 (%)zmzn(h ~h )mn(mz-nz}h +mn2h s

34" 33 3t ib 22
-1 2 s -1 -1
3 —
[£34(8)] e (e ) e (5 )T,
m=cos? sn=8ing .

For simplicity; we derive the electric impedance for a
transducer with its either face fully matched to a
gemi-infinite transmission medium separgtely and azb. Using

the Green’s function method we have get

Z=R-jX ,
Z2M, v M v
= _I lt 2[1 k. a] 31nzk Na+___=zmi tan [Ek a] Sinzk Na ,
7, 71 T 72 2
iz _ i2
4NM_ v M. v
X:—{mgﬁwi—lw tan%k1a+—_-§£mzm ta Z[Ek a] sin{zkiNa}
H . H - . .
© Ag | © A2
ENM, v M, v
s 22 tan%kza+ 22 tanz[%kza] sin[ZkzNa}}
¥ . 3 :
® Az | © A2
1 Qéfs}h* (2) C’ (3)h' {8)
+ {ﬁldﬂizd 33{9}:1
- 12 0’3(9}0’ (&)~ Cg (8)
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CHAPTER 3

Piezoelectric effect of qu331per10d10 acoustic superlattlce

The self-similarity is a major feature of quasiperiodic

'superlattices. There are many theoretical works devoted to
2 . . .

it in the 1literature . Its experimemtal verification 18

mainly performed by X-Tay and . Raman scattering

measurementsg'é, where the self similarity is not so obvious.
For examﬁle, in Raman scoattering measurements, the inelastic
scattering dips, "which reflect the properties of the
feciprocal space; arersuperimposed on the elastic scattering
peak. Only a few are discernible. Thus wmany interesting
information of the reciprocal space is lost. In this
chapter, we provide a new experimental method of revealing.
the specialAcharacteristics_of quasipericdic superiétticesl
The spectrum of ultrasomic waves. excited 1in 2 Fibonacci
acoustic superlattice (FAS, one type of gquasiperiecdic
structures) contains much more information. Nof only the
stronger resonant pesks but also ‘many weaker peaks are

1 .
detected . They can,all ‘be lndexed by s certain  rule.  The

celf-similarity are clear at a glance.

§3-—-1.Theory

As mentioned in chapter 2, the acoustic
superlattice(ASL) can be viewed as a structure composed of &
series of sound S-sources arranged _perioéicaliy or
‘quasiperiodically. These S-sources are generated by the

discontinuity of ‘the piezoelectric stress which is the

product of piezoelectric coefficient and electric field. So

..*;..§6___
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bere ‘are two ways to prepare a perlodlc or quasiperiodic

. The flrst one is to use’ plezoeiectrlc crystals such as

;: AS

.aLiNbog single crystal w1th periodic or quasiperiodic
1gminar ferroelectric domain structures induced by the
: ., . . . 58 . ,
grgwth striations(Fig.3—1 and 3—2) . The sign of

p]‘e:melectz-10 coeff1c1ent of the layered crystal changes
;1ternately. }n_thls case; the pleﬁoeleptric coefficient is
aiécoﬁtinuous at the ferroelectric domain boundaries which
pecome seund sources under the action of an alternating
external electric field and the excited aeoustic waves are
tulk waves. The second one is to fabricate aﬁ inﬁerdigital
gurface*wave traneducer wifh electrode intervals wvarying
périodically or quasiperiodically(Fig.3—3 and 3J==4}. The
transducers are : easily fabricated by - standard
wotolithogfaphic techniqueg’l? Aluminum electrodes are
ideposited on a piezoelectric substrate . such as a single
‘domain crystal eof LiNb03. When an altefnating external
voltage is applied onto the electrodes, an electric field is
built beneath the surface of the substrate as shoén in
IFig.3——3(b} and Fig.3-—4(b}, which carn Dbe simplified to -
iFig.3——3(c} and 3——4(0)11. .The electric field generated
\beneath the surface of the substrate alternates its sign
Iperiodically or quasiperiodically. In this case, the
%electric fieldrie discontinuous on the bisect line of each
jelectrode beneath the'surfece of the substrate which is alsc
a sound source and the excited acoustic waves are
38urfaee~waves; |

In betﬁ cases, the physical mechanism of - ultrasonic

. ) ] . : i2
txcitation is obvious. According to Bommel and Dransfeld ,
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under the action fcf “an external electric.ifield, _ th;
discontinuity in pieéééiéctric étress at the*jferroelectrhé
domain boundaries (or on thé bisect line of each electrod;
beneath'thé surface of the substrate) must be balanced by E;
strain S(um)m Here um representS'Ithe positionr where 'th%
discontinuity takes place. This strain will propagate as a&

acoustic wave

S(u)=S(um)cos(wt—ku). . {3—1)
L Z
F="p [
(a}
o 7
v
{b)

Fig.3w-=1.{a)Schematic diagram of periodie ASL with the
periodicity of Lp(the ATTOWS indicéte the directions of the

spontaneocus polarization). (b)Corresponding sound & sources.

So each domain boundary{er the bisect line of each electirode

e B e
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were Lhe discontinuity of;élQCtric field takes place}can be
jewcd as  a sound 5~Suuféé{see Figs.3—~1(b)l-“ 3—2(b),;

3{d) and 3-—4(d}}.

Because of this similarity, in what follows, we will
-1imit ourselves Lo LiNbO3 crystals with quasipericdic
_jaminar ferrcelectric domain structures. The results

fbbtained will suit each other.

i . .
e pefeer B o] A A ]

LT t=Tp1] ‘132 = :
o I, o 1, —s]
{a)
= 2,
¥
(b}

|} Fig,3.—.2.Fibonaccit ASL of ,LiNbOS crystals. (a)Schematic
| diagram of the superlattice. (b)Corresponding sound &

1 sources.

= = = i 1 =1 +1
Here we choose lA1 IBI 1 and lA TlB with A A1 B1'

IB:lBi+lBE as shown in Figf3+—2(a). Iin addition, we assgme.
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that the lateral dimensions of the FAS are much larger thy

the width of the ferroelectric domains and that the norm

Aluminum electrodes
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Fig.3—3.(a}Periodic interdigital = transducer schematl

diagram with the periodicity of L, (b} Side view . of th

interdigital transducer, showing electric field patter?
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inside the thin skin ofi the .substrate. (c)Electfic field

viewed from top. {(d:Corr=sponding socund & sources.

of the domain boundaries coincides with the z axis, then the
one dimensional modei is applicable.-Under these conditions,
when an alternating voltage applied on the {0001} faces of
the sample,; a iongitudinal planar wave propagating along the
z a¥is will be excited inside the_superlattice; It obeys the

wave equation

2 2
J u d a_ 2h

gy —o 33 25106 az) (3—2)
d= v dt C E

_ 33

where ug represents the particle displacement in the 2z
direction, v is the scund veloccity. {zm} are the positions
of the ferroelectic domain boundaries.

Eq.(3-~2) is a fundamental wave equation governing the
excitation and propagation of sound wave in an ASL. The term
on the right—haﬁd éide stands for the exciting source of the
sound wave.-As above mentioned, the ultrasonic waves in such
‘& superlattice are excited by a series of &-sources at  the
domain boundaries, ﬁhich is =alsoc  shown in Eq.{3=—=2}.
Therefore, we can make use of the impulse response
modelg’lo to obtain the ultrasonic spectrum excited by the
FAS of LiNbO3 crystals. |

'As can be seen in Fig.3—2{(b}, the - S-sources can be
‘divided into éwo parts,one for positive &-sources, the other
for négative &-sources. Each forms a Fibonacei seéuence. The

negative 3is displaced a distance 1 relative to - the
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— Aluﬁiﬁﬁm electrodes
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Fig}3wm4g(a)Quasiperiodic interdigital transducer schematbic
diagram. (b)}Side wview of the interdigital transducer,
showing electric field patterns inside the thin skin of the

- substrate. (c}Electric field viewed from top.
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{d)Corresponding sound & sources.

pgsitive. Performing Fourier transforms on the positive
terms and the negative terms on the right-hand side of
Eq.(3m~2) separately, and adding them together, wer can get

the ultrasonic spectrum for an infinite array, which is

_ — 1 i(%kl—xm n}sinXm o
- : : H ” 3 ~ -
H(R)QE-Slngkl e - &dk Gm,n)' {3-—3)
— m,n
m,ﬂ_

where k is the wave vector. 1In deriving Eg.({(3w3}, the
projection method has been used13’14; The appearance of tﬁe
term sin{kl1/2) is due to the relative displacement between
- the positions of pqsitive &-gources and that of negative

CS-'-'SOU.I‘CES .

5£8-2.Experiments and discussions

The résonant peaks in the ultrasonic spectrum can be
obtained from the &-functions in Eq.{3—3), which is
k:Gm n=2n{m+nT)/D, or

£ _=v(m+n7)/D, o - (3d )

where m, n are integers. Here G ig the reciprocal vect.s
¢ - _

. n
of the Fibonaceci superlattice. ’So " indexing the resonant
peaks in ultrasonic spectrum is equivalent to indexing the
reeiprocui space. The most significant resonant peaks in
ultrasonic spectrum occur.at f:fm’nrfor which Xm,n is small.

This means that n/m.must-be close to 7. It is well known

L



that the best rational. apprcx1m&nts to T cecur when m and n

is
are successive Fxbcna001 1ntegers s (m,n}-{F_ F ), where

P 1
F *F +F and (F F )-(Q i}. For these wvalues af {m,n},
pt+l - p-1
fm n takes the form of (1nteger}xv¢ /D and ithese resonant
¥

peaka are labeled Tp

The results are much similar to that of acoustic- phancn

16 - . .
transmission except for the substitution of fm n=v(m+n¢)!§'
¥
for fm n:v(m%n?}/ZD and of peeks for dips. These oan be
explained =3 follows. In the case of excitatioﬁ of

ultrasonio -wé§63, if the rpiézoeleetric mediur  is =&
supeflattice_oae, the ultrgsonic waves will he"e#cited' on
the ferrﬁeiectric dﬁmain Eoﬁndériéa. The Waves 'coéing from -
succeésiwe'boundaries will interfere with each other. Those
sétisfyiﬁg the copnstructive interference will appear as
resonant peaks in the ultrasonic spectrum. ﬁhereas in the
case of acoustic-phonon transmission, when the (honons,
reflected from sucecessive interfaces, satiafly the
congtructive interference, they will appear as dipé in
transm1581on spectrun. 0bv1eusly, the peaks in the Fformer
case just correspond to the dlps in the 1latter case.  The
occurrence of the factor 1/2 in the expression fof dip
frequencies is due to the fact that the path difference
between phonons reflected from the adjacent inteffaces is
twice as large as the path difference between the ultrasonic
waves exciiéd on - the ad jacent fefroelectric- domain
boundaries. | |

We have calculated the ultrasonic spectrum excited b¥
the FAS numerically. In order to be coﬁpared with the.

experiments, only the ultrasonic spectrum of the
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superiattice of the eighth' Fibonacci generation  has becn
shownr in Fig.3—5(a}, ﬁithfthe paeramelers gselected to be in
line with experiments. It.is_worth noting that the resoconant

peaks obey the Eg.{3—4). In this figure, several

frequencies predicted by expression fzfm n:(m,n)' are
. . = . ’ * s
indexed. As expected, the main peake are observed at fm n
. s

for which m and n are neighboring Fibonacei numbers; as
indicated by 7F. | |

| Detailed calculations have shown that the .resenant
peaks densely fill reciprocal space in a se1f~simi1ar
menner. It.is just expected, It is well known that the
self—similarit§ exists .in thé spectra of phononlshzeg
electron Qnergylg; polariton21 and in X-ray diffracticng,
ete. Here zgain, in the ultrasoni9 spectrum excited by the
-FAS of LiNbO3 crystals, the.self—similarity alsc exists. It
may be said that the Selfﬂsimilarity is a common feature of
the Fibonacci superlattices and is a. reflection of the
self-similar structure of Fibonacci superlattices in
reciprocal sﬁace.

Experimehtally, . we have = fabricated séveral
quasiperiﬁdic surface-wave interdigital transducers of the
eigﬁth Fibénacci_ generation,. Aiuﬁinum " electrodes are
deposite& oﬁ the surface of a single  domain crystal of

LiNbhO The ihtervals between the_' electrodes  varied

3°
successively acdordiﬁg to the Fibonacci segquence. In this
case, the éurface wave velocity v=39%44m/sec. The other
parameters are l:SB.Ggm, 1B=62.3pm-'and 1A=100.8pg. The
uifrasonic spéctra are measured, which is the-'ratio of

'_outpﬁt voltage to input voltage. In the measurement, the
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freguency scan range . ef the Hp8505 network analyzer is
gelected to be from IZLég to B82.2MHz. The output voltage
signals which satisfy the resonant conditions, i.e.,
fm,n;v(ménr)/Ds are strengthened. The others are diminished.
Figs.3—5(b) and {¢) show one of these results. In the
ultrasonic spectrum many sharp peaks appear at nonequal
intervals._Iﬁ ig clear thaﬁ there exists a one-to-—one
correspondence between the resonant pesks in Fig.3~5(2a}) and
3—=5{b) or 3-—h(c}. Table 3——1 shows the_results calculated
and measured. The agreement is quite Satisfactary.

Tn Fig.3-=5 only some much stronger resonant peaks have
been indexed. Hore.recéntly, L.X.Zhang et al?zhave pointed
- out théﬁ the whole reciprocal space can be indexed by =
certain rule. They proved that the reciprocal space can be
divided inteo equivalent intervals. Choose an appropriate
reduced interval and index the reciprocal veectors in it.
Then multiplying them by Tp(p is an integer}, they have
indexed all the other vectors.

Here 1t should be mentioned that although the
extinction phehonenon, which will be discussed in the next
chépters, also exists in the uitrasonic spectrum, it is
difficult to detect because the modes of  the bulk wav923
always appear in the region where the mode (2,2} appears.
Experimentally, we have observed that above 82.2MHz, the
regsonant. peaks ére rather chaotic.

In erder to compare the ultrasonic spectrum of the FAS
with that of the pericdic ASL, Fig$.3—=5(a) and (b} shows
the theoretical and the experimental ulirasonic spectra

ohtained from a periodic ASL of LiNbOé crystal. The analysis
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Fibonacei acoustic ﬂéﬁgérlattice. {a)Ultrasonic spectrum

calculated for a LiNbﬁé crystal. R, relative value of "
‘radiation resistance. {b}Ultrasonic spectrum measured,
{c}jThe same as {b)} with the amplitude magnified. In both (b)

and {(c) the amplitude is in logarithmic secale.

Table 3~—1.Comparison between resonance frequencies
calculated and measured for a quasiperiodic surface-wave

interdigital transducer.

Vibrational mode ' Resonance frequency f{MHz)
(m,n} | cal. mes.
(1,0) 17.5 1.5
(0.;1) : .28=3 28.4
{1,1} 45.8 45.8
(1,2} | 74.1 74.5

L 24,25
and the experiment are analogous to our previous work '~ .

The resonant frequency measgured is 550 MHz, close to  the
theoretical one,_SSS'Mﬁz; which is calculated from f:v/Lp
with Lp:i312gm ané v:?EGOm{éec. ﬁere LP is the périodicity
of +the periodic ASL. Obviocusly Figs.5 and 6 bhear no .

‘resemblance to each other.

£3.wu3 . Summary

We have studied and oﬁtained‘soﬁe of tﬁe features of
the ultrasonic spectrum excited by =an FAS. Two ways to
fabricate such a superlattice are pfesented. The ultrasonic

spectrum is excited by piezoelectric effect. Not only the

_....,,.78._:.
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Fig.3—6.Ultrasonic spectrum for a periodic acoustic

superlattice of & LiKbO crystal. {(a)Ultrasonic spectrus

3
calculated. R, relative value of radiation resistance.

{b)}The spectrum measured which is represented by the

reflection cceffieient,'Tﬁe horizontal scale iz fregusncy
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centered at 550MHz with a Scan width Af=200MHz.

stronger resonant peaks but also many weaker peaks are
detected experimentally. The self-similar structure of the

spectrum is verified satisfactorily.
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