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ABSTRACT. The surface acoustic wave {SAW) properties of L1105 are theoretically studled in order to eval-
udte its potential for use in related SAW devices. The surface wave properties were obtained by solvinc ‘e
coupled electromagnetic and acoustic wave equations subject to the appropriate boundary conditions. ° ari-
ation of the SAW velocity, pilezoelectric coupling and power flow angle were obtained as a function of c: allo-

graphic orientation. Lil03 was found to have more than 1.5 times the plezoelectric coupling of LiNbO_,
Jow power flow angle and SAW velocities in the range of 1900 m/sec to 2300 m/sec.

atively
The high piezoele ric

coupling occurred for Z-cut L1103 and was independent of angle. The low SAW velocity and high couplir make this

material attractive for long delay line applications.

Introduction

In the last ten years1 there has been a large
amount of work in the study of surface acoustic wave
{SAW) devices and their application in microwave eng~
ineering. A rather large number of piezoelectric mat-
erials axist in nature, however, only a relatively few
have been examined in detail for possible SAW appli-
cations. There are several important properties which
one can look for in a candidate material which might
prove to be important in a device application. Some of
these properties are (i) high piezcelectric coupling,

(1) perature compensated crystallographic cuts for
whic e temperature coefficient of the transit time is
zero, (1ii) low loss in the surface acoustic wave, (iv)
very low or very high SAW velocities, and (v) low power
flow angle for the SAW. Depending upon the applicat-
ion of the SAW device, one or mcre of the above cri-
terta should be satisfi=d for the'Diezcelectric material.

Some piezoelectric materials have been studied2'3
in order to determine their possible usefulness in SAW
devices. However, only a few materizls satisfy one or
mors of the above criteria. LINbO3~ is one of the most
comronly used materials and exhibits the highest
o=lectric coupling. This material, howcvar, Ppos=-
es a high temperature coefficient of delay. OCnly

sartz and Tel; possess temperature compensated cuts.
For applications requiring temperature stability,such as
SAW encoders and decoders? quartz i{s used. However,
shs piezoelectric coupling of quartz is about 1/30th
of the coupling in LiINb0O3 while the coupling of Te0; 1S
about 1/5th the coupling in quartz. Composite structures
have been usad®+’/ to satisfy the temperature compen-
sation criterion but the fabrication preblems are more
involved. TFor long delay lines bismuth germanjum ox~-
idedis usad due to its relatively low SAW velocity. The
ling in this material is however one third that of
J3.
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It 1s the purpoce of the presant paper Lo thecreti-
cally calculate the surface wave velocity, the piezo-
atzzt~ coupling and the power flow angle for 14104 in

stellographic directions. This materfal cry-
: in the hexagonal structure” ~Hand belongs to
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the point group 6. The motivation for studying the SAW
properties was ?33 té: the exiremely large piezoelectric
effect observed in this material and hence the pos-
sible use of this material in related SAW devices. Pre-
liminary experimental measure’, e_rzzs and theorstical cal-
culations have been performed ©n 1.1103. Theszresudts
indicate that this material has both large piezoelectric
coupling and & relatively low SAW velocity.

In the present work the SAW properties are ob-
tained by solving the cougled electromagnetic and ac-
oustic wave eguations subject to the appropriate bound-
ary conditions. In particular the surfzce wave velocity,
the piezoelectric coupling and the power flow angle are
calculated as a function of angle for all the stancard
crystallographic cuts. LilC3 is then compared to other
common SAW materials and 2 oc

Theory

. In a piezoelectric medium the coupled e
magnetic and acoustic wave =quations may be written
as,

¥y 2y 2
O""‘L‘ -C ——k e 28 =0
5 btz ijk £ bxlax.. kij 3 3%,
and (1)
°2“k N
eikl —_— ___Q____ =

~€
dx O dOx, dx
x1 X4 ik xk {

where p is the density; 1, j, k, £t =1, 2, 3; u,, thedis-
placement components; x,, the rectangular cocrdinate;
anl . the elastic constant tensor: exy;. the piezo-
electric tensor; €. the dielectric permittivity tensor;
and @, the scalar potential. In the zir above the piezo-
electric medium the potential satisiies Laplace's eq-
uation,

2
vV e=0 . (2)
If equations (1) and (2) are solved simultanecusly sub-
ject to the conditions that the stress vanishes on the
surface and the flux density is continuous across the
boundary the SAW velocity may be obtained.

A measure of the plezoelectric pling between

the electramagnetic wave and acoustic wave can g b=
talned © by calculating the change in ve setween
a surface wave propagating on a ptozogleds substr
bounded by @ vacuum and a surface wa 0 1ting
rolease
ppproved £oT publie ¥
unlimit'd.
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2 piezoelectric substrate with a massiess infinitely thin The variation of the surface wave velocity, the
conductor on the surface. This may be reasoned as piezoelectric coupling and the power flow angle {5 pre-
follows. If there was no change in the velocity, there sented for six standard crystallographic cuts in
would be no interaction between the conductor and the Figure 1. The cuts have been connected so that there
= surface wave. It is then concluded that an electrode is @ continuous variation for the quantities of interest.
corfiguration having tangential electric fields at the The values for the Z type cuts, {.e., Z-cut, Z-2xis
surface viould have I tle effect in surface wave geriera-  boule, and Z-axis cylinder are not shown but may be de
< tion.. However, i{ the = locity change was significant duced from Figure 1. Because of the hexagonal symme-
3 the electrode-surface = ve interactior. should be great-  try of the 1110y lettice there is no varizticn in SAW pro-
E er. Mathematically, ' : piezoelectric coupling is meas- perties over any of these cuts. The vealues for the SAW
3 ured in terms of veloc v change as foliows, properties of Z-cut are those of X and Y-zxis cylinder
at 0°, for Z-axis boule they are those of X znd Y-cutat
roRiee o 1% 90 while for Z-axis cylinder they are those of X and Y-
‘ SRRl ‘ @) axis boule at 90 .
E S Table ] Maximum Lv/v and maximum and minimum SAW
1 e velocities for various piezoelectric materials.
§ .o
: = v = velocity of a surface wave on a free surface e mim : Minimum Masdmuin
3 w‘> = velocity of the surface wave with an in- Materi:l Ay/v (x107%) Vel (M/sec) Vel (M/sec)
3 finitely thin massless conductor on the surface. l..uO3 4.34 1904 2258
4 Obviously, a material which has 2 high value of Lv/v I.leD:‘!b 2.8 3318 4000
! relative to other piezoelectric materials indicates a sig- b
i .87
j nificant interaction betweer the conductor and the sur- LtTaOs s i e
face wave and hence substantial piezoelectric coupling. leGeOZOC .80 1623 1834
d
| The power flow angle may be obtzined by evaluat- ugaoz 205 e i
; ; ing the complex mechanical and electrical power com- Quartz}:> .11 3175 3840
" ponents. 'I:ne 'correspor::'.n; an;l_e between T.he average Te0d b .02 825 2028 .
£ | electromechanical power flow and the direction of pro- 2
x- pacation is defined as the power flow angle. Both the
£ | » iy £ s v 5 e ; 2 a k
£ power flow engle and its rate of change along a crystal present wor
: lographic cut chould be quite low. bReference 2
+
8l Results and Discussions Reference 22
d

T e— $
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Th= surface wave velocity, the piezoelectric co-
upling ard the power flow angle were calculated by the
computer program Geveloped” for LiGaly. The exper-
imental data for the elzstic constants and the piezo-
electric constants were obtained from the work of
Hzussuh!'®while the dielectric_constants were obtained
from the work of Warner et al.
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rMsuwe 1. The vartation of the SAW velocity, &v/v and
the power flow angle for standard crystallographic cuts
in 1i103. Z cut occurs at X apd Y axis cylma’o:,(". -
axis boule at X and Y cut, 90 and Z-axis cylinder at
X and Y-axis boule, 90"
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Reference 3

The most attractive cut in L4103 for possible SAW
applications is Z-cut. The piezoelectric coupling re-
aches its maximum value and remains constant through=
out the cut. The power flow angle is not toc high and
its corresponding rate of change along this cut is zero.
Even though the SAW velocity is guite large for Z-cut
in comparison to other cuts in LilI03, this velocity is
still rather low compared to the SAW velocities of many
of the commonly used SAW materials.

L1103 s compared tc some of the other SAW mat-
erials in Table 1. In particular the minimum and max-
imum SAW velocities and the maximum plezoelectric
coupling are presented for various materials. L4103
possesses the highest piezoelectric coupling of the mat-
erials listed. In fact its coupling is more than 1.5
times the coupling in LiNbO3 which possesses the high-
est coupling of the commonly used SAW materials. The
SAW velocities in L1105 are quite low and only slightly
higher thar those occurring in Bi} 2Ge0z¢ which is a
material commonly used in long delay lines.

L1103 has definite possibilities for device appli-
cations. Its high coupling plus relatively low SAW
velocity make it an excellent candidate material for
long delay lines. The fact that there is no variation in
the surface wyve properties for Z-cut L4103 would de-
finitely facilidate the delay line design. Further ex-
perimental work would determine the usefulness of this
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material  for other SAW devices such as filters, re-
scnators, directional qouplers etc. One possible pro-
blem might arise in the fabrication process due to the
fact that 14105 is slightly hygroscopic. Experimental
work in the measurement of surface wave properties

and the design of long delay lines is currently under {n-
vestigation.
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