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Fig.2-2.A8L -of LiNbO3 - for excitation of one
quasi—lﬂﬁgitudinal and one éuasi—shear waves. {a}Schematic

“diagram of ASL {the arrows indicate the directions of the
spentanéous polarization). " (b)}Corresponding piezocelectric
coefficient ags a periodic function of x. {c}Corresponding

sound S-sources,

acoustic wavelength so that one dimensional model is

-applicable. Under these conditions, a longitudinal planar

2




wave propagating along ﬁhé%z axis will |be exczted by the

action of =&an alternatiﬁé"extern&l electric fleld With
: ) 1

3/8x=8/3y=0, the piezoslectric eguations relative to this

case are

D
S +{-1 h D e
T,=Cq,S,+(-1) By Do (21
E,=(-1)",,8,+(s> )7 'p (2-m2)
3" 5373 ‘733 3’ -
}1:1;2;3;-;«-’2};»
Where T3s 83, ES, BS are the stress, satrain, electric
. . . . ) g
field, electric displacement;, respeclively. 033, .h339 833

are the elastic, piezoelectric, dielectric coefficients,

respectively. And the Newton'’s motion equation is
2 2 _ '
6T3/§z:93 U3/3t . {23}

here p represents the density, U_ the particle displacement

from equilibrium position in the z direction.

.Différenti&ting ¥g.{2-1} twice with respect to time
and Eq.{2-—2}) once with respecit to z we obtain '
2 2D .3 2 n 2 2
t = -1}" 2 e
0T, /88720, .8 U, /0t dz+{-1) b, 8 Dafét s { j

p@auggﬁzétzzazTgfﬁzz; | _ (Zmeneb }

By reversing the order of differentiation we can substitute

Eq. {2~} into Bq.{2-5) and obtain

U



2 . 2 p 2 g n .2 2 o -
8t 15t -(Cy 0} T3/?§._(~1} byadDysatt. (2—6) |

This is the fundamental wave equation governing the 
excitation and propagation of stress in a piezcelectric ASL. :
The presence of the term on the fightnhand side makes it an
inhomogeneous equation. It is this term which describes the
excitation of the waves while the homogeneous left-hand siaei

 describes their propagation.

If we assume that all variables have the same time
dependence exp{jwt), then Eq.(EmmGi beccomes

2

2. .2 2 n
8T, /82 +k Ta=(~1) b,k 93, {2—T7)

3
where k=zw/v is the wave vectdr, v:?fgig/p s represents the
sound velccity. ' 7

Ve will use the Green’s function method4 to solve the
wave equation. In order to satisfy the free boundary
condition, a.particular technique must be used which is the

.sowcalied the "method of images”. The method comsists in
noting that hcmogeneogs boundary conditions can be satisfied 5
along a plane houndary by introducing one fictitiocus Timage

- source” for every real source. This image source is of

-opposite polarity if zero T3 is required on the boundary. It
is placed oﬁ the opposite side of the boundary plane‘and the
same distance from the boundafy as the real
source{Fig.2-3). Physically, this is equivalent to treating
the waves reflected by the bgundary és the waves emitted by
the "image sources". The bouandary may now be forgotten and
the solution obtained merely by analyzing the effects of the

real and imaging sources. The solution is valid only on ' the
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Fig.2—3.A8L with its images. long periodiecity, 2N{a+b},

appears. | ' |

"real” side of the boundary, of course.
The method of images makes heavy use of the Green's
function for boundaries at infinity. In our case, the

Green’s function for one dimension is
G(z’,z)=(-j/2k)exp(-jk|z’-z|), (2—8)

here z’. and z are the positions of socund scurce and
cbservation, respectively.

According to the Green'’s function method,the stress at
a point within the ASL is the sum of the stress waves
generaﬁed from sound seource points, including images, on

both sides. It can be expressed as

Ta(z)=-€z/zxjk{exp<~jkz)g(h33b3)

ng_f;__.



SR | | :
wzjf géégz’)n3€z’}sin[k(z‘—z)]d?f}. (2-—9}%
z 3 _ . :

Where h33 and DS include both real-source and image—sdurce 

&istribqtions, and F(h33D3).is

Jkzy,, (2—10)

[5.4)
F(h33D3)=h33D3I;f{z}e

Vhere

+1, if 2z is in the positive domains,
f{z}z{ '

-1, if 2z is in the negative domains.

In ovrder to understand the electrical properties of the
ABL. we need to kpnow its impedance which expresses the
relationship between applied voltage(V) and electric

current{I). Here

-v=[®,dz, | (211}
T=jwA. D | - et
JuhigPg | (2~12)
bere A12 is the electrode area,w is the angular frequeney.
Framrnow on, we will discuss two different houndary
cenditions, one for resonators and the other for
transducers.
A.Resonators

The boundary conditions are

——30m




T3(3:0)=T3[3=N(é%b)]:0;- :€ _ | : A {213 )

Under these conditions,the images must be introduced
repeatedly in order to satisfy the strzss-free Boundary.
conditions on both electrode faces. In doing so, a longer
periodicity, 2N(a+b), is superimposed on the original ASL as
shown in Fig.(2—3}. Using the Green’s function method; we

get the stress in the positive domalns

b .
Ts-h33D3+T, . — Y

and the stress in the negative domains

3*h33D3{ 1+2003[k(z—(n+1)a-nb))} 4T, : {215}
Here
. 1
31n{§kn(a+b}} 1 1
T= h33D3{ ésin(ﬁkb) Sin{k[z—ﬁ(nfl)a—ﬁnb}}
ginf{-k{a+b}}

2

cos{%ki{ﬂ—l)a+(ﬂ+1)b]}
- 7 T gin{kz)
cqs[ﬁkﬂ{a+b)}sin{fk(a+b}}

: (2-—16)

sink{z*%(a+b)]}

sin[%k(a+b)]

Also we get the 1mp9éance of the ASL
. mgim



_ Zhisv
jw A__C sinik{a+b)

- ke - . ) b
51n(2ka)51§{2k )

12 33

tan{-kN(a+b}]

5 . (217}

2.1 _
_31“ [5h(a-b)] 1 } , N(ath)

] s
JwA_ &

. 2.1
sin {Ek{a+b)] 1233

From Eg.(2—17), following conclusions can be derived.
The resonances occur when Z--w. There exist two
different cases.

Firstly, let sin[ k(atb}/2] =0, we have

n

.= v/(a+b}, n=1,2,3,... . (2—18)
pain _
Here we call f;aih the main resonance{MR) frequency and
nain is the fundamental freguency of the MRs. The fact that

the MRs are determined only by the periodiecity of the AS3L,
a+b, not by its total thickness is. of great pfactical
significance. As we know, the thickness of &a resonator
wérking at hundreds megéhertz with ﬂrdinafy materials, such
‘as the single domain LiNbOS crystal, is several microns or
tens of microns, which is too thin to be fabriéated by
ordiﬁary processing {echniques. However, acacording to
Eq. (218}, we can see clearly that the thinner the 1&minar
domains, the higher the resonance frequencies. In praétice,
a thickness of laminar domains of several microms can be
achie#ed, which corresponds to the resonance frequenciés of
_ hundfeds megahertz to several gigahertz. Therefore, it is

_?0331518 to fabricate the acoustic devices operating at very
S ' R - - '




hlgh frequencies by using. the ASL. B
| Secondly, let tan[kﬁ(a+b)/2}—m¢m and take f 1' for the

: ..reference frequency, then We have
fz:mvf[zN(a+b)]:mfmaiHIZN, m=+1,+3,%5,... . (2.-19)

-.Wé call f: the satellite-like résonan&e(SLR} freguency which
tocates on either side of the main one and is related to the
totél thickness qf the ASL, N{a+b) only.

The frequency difference between any two adjacent SLRs

- is given by -

| + 1
af =2 i Mogl  w, | (2—20)
s S s main : . _

1
main’ '
If the thicknesses of positive domains and negative

which is just one-Nih of f

domains are equal, i.e., azb, Eq.{(2~17) can be simplified

to
2 1
2Na h338§3 tan{ﬁka) .
Z= L = S } . (221}
Juhy o€ 33 C3q zha
In this caszse there exist only main FeSONances, no

satelliteﬂlike ones. Here as we know, in solving the wave
equation by using the (Oreen’s function wmethod, the image
.Sources must be introducedrin order to satisfy the fres
boundary conditions at both electrodes. Thus =a longer
periodicity, 2N(a+h), is superimposed on the original ASL.
Nevertheless, when azh, the longer periodicity ‘does not

;m33¢n7



appear. This phenomeﬁﬁﬁ_is similar ﬁo that  in x~rayr or;
electron diffraction.téhis common feature”‘or{ginates fromi
the common nature of the ﬁﬁree interaction systems. First,
the acoustic wave, x-ray and electron can all be treated as

waves. Second, the media  involved in the interaction |

processes all possess super-structures.

If a=0 {(or b=0),Eq.{(2-17) can be reduced to

| A h§3£§3 'tan(%kL) : .
7= 1- ) (2——22)
JWA ss éD 1kL
JoR19%g3 33 7

It is the same as that of a resonator made of a single%

domain LiNbO

5

3
Na}) . '

Comparison Eq.{2-==21)} With Eg.(2—22) shows that;
Eq,(24;21) is equivalent to the one for a system made up ofé
2N identical piezoelectric resanétors connected in éeries,3
the thickness of each is a. To explain this, we must resort
tc Egs.(2—14) and (2—15). We find that, under the
stress-free boundary con&itions here, . the Stresé - on thei
doﬁain'wélls are also equal to zero. That is to say, the ASL .
can be considered to be coﬁposed of 2N individual crystal;

plates each oscillates independently. However, this

simplification is not shared by the situation when a is not

equal to b.

B.Transducers

The boundary conditions are

P, . S

crystal with thickness equal to L {L=Nbh or

R T T T T




7, (220) 7T (2 )20, - (2—23)

.i.e-r one face is free and the other face is fully matched
"to a semi-infinite transmission medium. Here, like the ASL,
the transmission medium is also a LiNbO3 crystal but with

gingle domain. Using the same analysis we have obtained

Z:R“_jxs
4h2 v Sin{lkﬁ(a+b)} 2
pe 33 2 }
- 2D . 1
W CS3A12 51n[§k(a+b)]

X [cos[%k(a«b)]*cos[%k(g+b)]]cos[%kﬂ(a+b)1

1 i z
-sin[Ek(a—b)]sin[EkN(a+b)] s

4h2 v sin{lkN(a+b)] 2
33 2
X5 T
w CS3A12 51n{§k{a+b}}

* {Dos{%k(a—b}]—cos[%k(a+b}]]cos[%kﬂ(a%b)]

~sin[%k(anb)]sin[%kﬁ(a+b)}

X [%os[%k{a-b)};cos[%k(a+b}]}sin[%kﬂ(a+§)]
U S



+ainf gk(a-b)] cos[ kN (a+b)]

hiav ' 1 cos[%k(a—b)]
+ 5 4N cot[fk(a+b)]—4N :
w 033A12 .sm[-fk(a*-b)}

—[3w2003(ka}-Zcos(kb)+cos[k(a+b)}} sinlkN(atb}] }

Zsinz[%k(a+b)]

. N{a+h}

WA, & - '

12733

The reéonance frequehcy, i.e., the operating frequency of
the transducer we are interésted in, can be obtained by
setting sin{k{a+b)/2] =0 which is the same as the MR of the
resonator. The'difference here is no SLR exists. This is due

to our assumption that thg transducer is fully matched to =a
semi-infinite transmission medium. By +the use of inage._
method, ﬁo longer periodicity has been introduced, 8o no
satellite-~-like resonance existg,

If a=b,Eq.(2—24) can be reduced to

2

h33v

R=

tanz[%ka]sin22Nka,

D
® Caahiy

36—




b,V R - l 
X= 232 4N+%tan(%ka)sin(guka)} tan(%ka)+ H{a+bi .
33A12 mA12533

_ {2-~25)
This expression is ﬁuch the same as one for inter&igital
transducers derived by equivalent ecircuit methdds.- The
difference is due to the fact that in our case, one face of
- the transducer(z=0) is stress-free, whereas the interdigital
transducer is fﬁlly matched to the mediué on both sides.

From Egs,(2-—24) and {2—25) we can see that 2Z is a

function of N and A12 , hence R and X can be regulated by an
adequate choice of the values of N and AIZ' For transducers
made of =z-cut single domain LiNbO3 cryatals with an

electromechanical coupling constant K=0.17, wunder high
frequency operation the static capacitance is the main part
of the impedance at resonance frequency. As =& result, the
insertion loss of the transducer is very high?. In our case,
however, R can be . equal to or even larger than X by choosing
N and A,, suitably. For example, in the special case of acb,

: 1
at the fundamental rescnance frequency fmain=V/2a’

Eq.{2—25) can be simplified to

B S [Bﬂxzm ~j] , (2-—26)
znfmaiﬁ O -

here C0 33A12/2Na is the clamped capacitance. Let

A 2:5.0mm2, Ngl5 &and a=6.6um, then R=500), X=45Q at

fmain=554HHz. The transducers thus fahricated will have an

insertion loss very low im a 50{} measurement system. A3 for

the case of a=b,from Eq. (2_324} we can show that the. ‘real
w3 T meen



part of the impedaﬁégixwill decrease with 'the differenge
between a and b, Fof”éxample, we consider the situation whay
the transducer is at its fundamental freduency, i.e.,

k{a+b}/Z=rr. Then Eg.{2—-24) reduces to

4h§3N2v 1 2
033A12 '

if a:b,ﬁé.héve

IShz sz

33
© Yazfia

(228}

1
But if bzﬁa,we have (Ek&:ﬁf3}

2 2
9h33 Nv

2 D
33A12

R= {2—29)

- Thus we can see that the inequality of the ‘thicknesées of
the positive and the negative domains decreases _the
resistance greatly. |

In the limiting case, i.e., when N=1 and b=0 (or a=0},
Eq.(2-~24) reduces to the normal formula for transducers

' . . . b
made of single domain LiNhO crystals .

3
If the normal of the lgminsr domalﬁ walls does nob:
coincide Wlth the z axis, but lies in the ¥z plane, and the

electrodes of the transducer are still made parallel to the

lamellae of the ASL, then one quasi- 1ong1tud1nal wave{QLW}

3 B o



and one guasgi-shear wave{QSW) will. bé generated'fbj the
transducera. In such a case, theoretical analy313 has shown
(see Appendix) that the electrical impedance Z consists of
two parts, one for QLW and thé other for QSW. The expression
for the resonance frequency, Eq.(z;m18§, still holds except

for the substitution of Ve {or VS) for v, 1.e.,

L{8)

+b 1,2,3,... 230
£ oY L(S}/(a ) n= s s { )
here VL{S) jg the sound velocity of QLW(QSW).

Under more general condition, i.e., the normal of the

walls is along an érbitrary direction, there will be three
waves excitad, one QLW and two QSWs. This situation will not

be treated here.

{2--2.Experimental results
A.Blectrical measurements for resonators

The crystals with an ASL used were grown along the =
axis. A set of rescnators have been made ranging from 500
Mz to 1000 MHz. The periodicity of the ASL inside the
resonators is along the z axis per?endicular to the lamellae
and the two electrodes are the xy planes parallel to the
lamellse. Under the action of an external periodic electric
field, an acoustic wave is éxcited inside the resonat&r
.thfough the piezéelectric effect and it will  form a
Statibnary wave when Egs.(2-—18)} or (Zumlﬂ),is satisfied.

With an Hp 2505 network analyzer we have ‘measured the
reflection coefficients of the resonatoré. ITts principle is

as follows. As we know, if the impedance of a load is not

3G



equal to that of fhéi;electric measuremeht';systeﬁ, thé
Aelectric energy will .Eé ‘reflected by thé”'léaé. When Q
resonator is in cscillation, its impedance will vary Wit&;
frequency. At the vieinity of the resongnCe,' the impedance:
of the rescnator changes greatly. This will.be reflected in:
the reflection coefficient-That. is, the reflection
coefficient wiil_approaeh its minimum. Fig,Z—mé._shows thei
result of rescnator No.5. In Fig.2-—4, curve A repreSents;
the frequency dependence of the phase of the reflection}
coefficiént, curve B . the frequency dependence of the:
magnitude. Near the resonance freguency 55Z2iHz, both the

phase and the magnitude of the reflection coefficient vary:

Fig.2w.4.Reflection coefficient of the resonator No.3 in’
rectangular coordinates. The horizontal scale is frequeneyf
centered at 650 MHz with scan width f=1300MHz, curve A for-

phase and curve B fTor magnitude.

Y,




parkedly. It can be seen. that there is only one ﬁRi'in the
range of 0-—1300 MH=z, whlch is conformed to the theory. The
resonance frequency is 552 Miz, close to the theoretical
value, 554 MHz, which is calculated from Eq.{2-=18} with

atb=13.2um and v=7320m/s for resonator No.5. The measured

Fig.2—5,.Magnitude of the reflection coefficient of Lhe
resonator No.8 in rectangular coordinates. The horizontal
scale is frequency centered at 553 MHz with scan width £=z200
MHz. ‘ |

and calculated resonance frequencies are listed in table
%1, Tt may be ncted that the experimgntal values are very
close to the theéretical ones. e

¥Fig.{(2-—5} has manifested that there do_exisﬁ a  sQ?ig$

of satellite-like resonances located on both sides Of;;ﬁhéiP 

oy T oo
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main resoﬁanceo Up faeéur knowledge, before our work, there
is no such Phenomenonldﬁserved in resonatoré;”ﬁéte that the
thicknesses of the positive domains and the negative domainsg
of the sample used are not equal. This is juét predicted .by
the theory. Table 2«-2 shows that Lhe measure& frequency
difference between any two.adjacent SLRs, Z?s- is in good
agreement with the ~theoretical one caiculated froﬁ

Eq.{(2—20).

B.Electrical measuremenis for transducers

Transducers have been made of the ASL. Here the g:owth
direction of.tbe crystal deviates from the 2z axis and lies
in the_yz plane. Therefore the normals of the laninar domain
walls of the ASL are not parallel to the z axis. The angles
between the normals and the z axis are shown in table 23,
The two.electrodes are both paralilel to the lamellae. Each
traﬁsduoer is indium bondesd tco the xy plane of a single
domain LiNbOB samnple separately. The Sample,* as a
transmission medium, has its fTaces polished flat to about
one-tenth of a light wavelengih wused for examining ‘the

sample, and pafallel to each other within several minutes.

The length of the samples is 3.0mm and the dimensions of the

2

electrodes are about 5.0mm .
In order toc . evaluate the performance of the
transducers, both frequency domain and time domain

measurements are made.
In frequency domain measurements, an Hp 8505 network
analyzer has been used. We measured the reflection

coefficients of the transducers. A typical one is shown in

RS T .




Fig.Z2—6. Two resanance‘ffe@uancies are observed. One iz for
QLW and the other for QSW with freqﬁencieS'of 555 MHz and
279 MHz, respectively. Theoretical values, ecalculated from

Eq.(2-=30) with a+b=13.2 um, v_=7300m/s and VS:SGOOm/sg, are

L
553 Mz for QLW and 273 MHz for QSW. Table 2—3 lists the
resonance frequencies measured and calculated. OBvibusly the
theoretical and experimental results are satisfactory.

~ S0 far as the transducer is concerned, the insertion

, 10
loss is a very important parameter. According to Sittig ,

the imsertion loss (IL)} of a transducer can be expressed as

IL=2(ML+DL}, ' {231}
here ML is the "matching loss" and DL the "dissipation loss”®
which measures the acoustic power absorbed in the transducer
due to internal dissipation from dielectric, sound
absorption and other losses. ITn transducers made of single
domain LiNb03 crystals, experiments showed that DL((MLiﬂg S0
that the trarsducer loss and.its dependence on frequency is
_mainiy.determined bf ML; Here, in order to estimaté the

insertion loss, as a rough approximation, we neglect the

dissipation loss, then we have
2 : ‘ |
IL=-20 log(i-r"}, (2—32)

here r is the modulus of the reflection coefficient. With
Eq.(2__32), we have calculated the insertiom loss versus
frequency for trensducer No.1 from the measured value of r.

The results is shown in Fig.,2ew7. The inserfion loss at 555

R ¥ S
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Fig.2—6.Reflection coefficient of transducer No.l in polar

coordinates with scan width f=1300MHz, A-—QLW, BuefdSW.

MHz is very 1low, which is' in good agreement with the
preaiction. The 3 dB bandwidth of the transducer NO.1 is
about 5.8%. The curve of insertion loss shown in Fig.2--7 is
much similar to that of surface wave interdigital
-trénsdugers4; Both have a periodic structure.

In time domain measurements, the pulse-eche technique
has been used. The transducers are excited by a S-pulse and
“echoes are observed. For lack of =a sufficiently sensitive
oscilloscope only the echoes of QSW for transducer No.l are
detected. They are shown in Fig.2--8{a}. The details af. the
first echo is shown in Fig,2—8{b}. From its oscillation

‘period t=3.66ns, the frequency of the excited ulirasonic

S1



wave can be &etermiﬁé@?'which "is 273MHz. This result is:
consistent both with the theoretical one and with the result
‘obtained from the frequency domainlmeasurements. The delay.
time measured is 1.7us which is also compatible with the

theoretical value calculated frowm the relation

7=2d/v_ | (2-33)
0.0
-
) _
=
\?6 e
m r—
S -
- 7.0
-é _
Q h
5] p—
k= ]
14.0 S B s s A A I B
490 550 610

Frequency(MHz)

Fig.2--7.Insertion loss vs. frequency for transducer No.1:

where d ig the acoustic transit distance. For the transducerl

NO.1, d=3.1mm. If the +transmission medium is an unknowd

(e} B




material, then we can use;Eq‘(zwm33) to evaluate - the sound

velocity of that materiasl.

Pig.2—8.(a)0scilloscope photograph of multiple echoes

produced by transducer Wo.1. The horizontal seale is
lus/div.. {b}The magnified view of the first echo. Tts
vertical scale is 10mV/div. and the horizontal scale is=

i0ns/div.

52—=3.Discussions
A.Long wavelength approximation

In the previous section, in deriving the SLR, we have
taken the f;ain for the reference frequency. But this is not
DECESSATY . Theoretically, we can get the resonance frequency
determined by the total thickness of the ASL directly from
tan{kN(a+b)/2].—w, which is
-
f =m’v/{2N{a+b}l;m"=1,3,5....
Obviously, the fm, is.much lower than the f;ain and thus
lies in the low frequency region. However, experimentally,

it is not observed as Fig.Z2-—4 indicates. This can be

explained as follows.

e



In the low freqﬁeh§y'regiqn, where Adrat+b, Eq.{2-=17}
can be simplified greatly. This approximatidn'mgf be called
long wavelength approximation as well. There are two
Situgtioné of which the simplified results are quite
diffefent.

First, situation 1, we assume. thatl apart from the
condition-A>>atb, A is of the same order as N(atb), the

total thicknesé of the ASL. Then Eq.{2-—17} can be reduced

to
s
) N(a{'b)r . 533 -1
Jo A, | 2
12 i §m1m2k33
1
2 {m m )2 55 tan—kN{at+tb}
3u i 33 2
R i . {234}
933 | i- 4m1m2k33 -§kN(a+b)
here m "a/{a+b5'ém —b/(ath), k2. =h 5 7c°. which is th
S AR v %337"33%33” V33 ich 1B Lhe
electromechanic@i coupling coefficient.
If we 1=t .
hyg={m, mz)asa*'
88
- 33 -
‘33" | :
1- 4m1m2$q$
'
Lz U-Amgmpitg
K, .= - (235
i-4m_m kz
12 33

ssare 5 {f o




BEq.{2-=34) can be written.ihfthe form

{ -
- +
N(a+b) 9 tanzkﬂ(a bl
= I-k {236 )
iwh. B 33 1 N(ash) :
JORy 9533 g
= . h | a gz be th ht of a th‘ verage
Here 833, 33° an 33 can be ocug B e . & >4

physical parameters of the crystal of 4SL. Eq.{2-38} is the
same as one for a resonator made of a single domain crystal

- ) :
with its physical parameters being Z§3’ h33 and k33 and 1its
thickness being N(a+b)5.

In thig case, the structure of the ASL has no gsense.

113 L]

T&e excited waves ocan not @ “see the detsils of the
structure. The medium scts a8 a homogeneous one with ita

parameters averaged. When mlzm the average piezocelectric

23
opaefficient will be zero. Thus no waves can be excited.

Generally, m1»m2<<1, 80 h33<<h33c

excited will'he too weak to be detected. That is why we can

Therefore the waves

not see any resonance peaks in low freguency region of
Fig.2—4.

But if +the ASL is a - compositionally modulated
superlattice, thé.average piezoelectric coefficient may be
very large. In that c¢ase,the fmg can be observéd
experimentally.

‘Second,; situatieon 2, we assume that not only Adla+th,

but also A>>N{a+b},then Eq.(2-—34) can be further aimplified

to

po Nla¥b) [, 2 ) | - ' (237 )
A 53 a3 : _
A T aEY:

s L e




This is the correct expression for the BtatiC'cépécitance at
low frequency far from the resonance of the resonator. The
resonator just acts like a capécitor. The impedance of
transducérs can be simplified 'similarly in Vthe long
wavelength regime. The average parameters deduced are the
same.

The results of the average parameters in long
wavelength can also be obtained by a method developed by
Turik et alll. In their method some assumptions have been
made which are equivalent ‘to the long wavelength
approximation. However, using their method; we can not
distinguish the difference between situastion 1 and situation
2. Here, starting from the wave equation, we have derived
the expression of the average parameters very naturally. And
more, we have obtained the correct expression of the_ static
capacitance at low frequency which can not be obtained by

their method.

B.The efféct of echo signals on the reflection c&efficient
In the case of transducers, each transducer is indium

bonded to the xy plane of a'single domain LiNBbO cerystal

3
separately. Sc the acoustic wave generated will +transmit
into the medium and propagate along the normal direction of:
the surface in the medium. When it hits the free surface of
the medium, because of its being parallel to the bond
surface; the wave will be echoed back and reverées its

propagating direction. The acoustic impedance of the indium,

the bond material, is not matched to both the tramsducer and




the medium. Thus the signal ﬁill propagate hac% and forth
jnaide the medium. Each% £fme the 'signal_ hits"the bond
surface, part of it will transmit back ﬁo the transducer and
i1g detected by the transducer. This signal will inteffere
with the original one and cause the curve of the reflection
coefficient rippled(see. Fig.Z—EQ). The phase differchee
between the twc‘is 2wd/v, where 4 is approximaﬁ%ly the
thigknesa of the medium plus half of the thickness of the
ABL, v is the vechity of the sgound wave in LiNbOS. At

certain frequencies, when the condition

2md/v=2nm, {2—38)
is satisfied, the ripple will be at its maximum. The

difference between two adjacent maximum fregueancies is
ﬂflzv/2d, (2—39)

In some cases, if the transmitted signel is strong
enough, not only may the firat echo interfere with the
oeriginal one, but the second echo may also interfere with

the original one. By the same procedure, we get
Afzzvféd. {2t Q)

Fig.2--9 exhibits our experimental results of the
transducer. The weasured frequency difference Afmeas is

Af =0.58 MHz. . ' (241}
meas
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