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Highly anisotropic dispersion of surface acoustic waves in M-plane GaN layers
grown on y-LiAIO ,(100
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The characteristics of surface acoustic way&aW'’s) in M-plane GaN and AIN layers grown on
v-LIAIO »,(100) are investigated. The SAW velocities in ti®0) plane of bulky-LIAIO , are virtually iden-
tical along the[010] and[001] directions and are significantly larger than those in the M-plane bulk GaN.
Despite these velocity relations, the SAW velocity in GRNUAIO , heterostructures increases steadily along
the Gal‘{[llEO] direction with increasing the SAW wavelength, whereas it decreases along th¢0GaN
direction. A guided Rayleigh mode is observed solely for the propagation along thEl(BEﬂ\] direction.
These experimental results are compared with numerical simulations. Velocity bowing is indicated to govern
the dispersion in the heterostructures.
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I. INTRODUCTION consequence of the vanishing strain tensor comporegts
and832.

There has been a tremendous interest in the unique prop- In this paper, we investigate the propagation of SAW’s in
erties of the Ill nitrides in recent years. Their favorable op-M-plane GaN and AIN layers grown op-LIiAIO ,(100). We
tical characteristics have been crucial in commercializingexamine the dispersion of Rayleigh waves in the heterostruc-
light-emitting diodes and laser diodes in the blue spectrafures to extract the acoustic properties of the overlayer and
range. The large breakdown electric field and saturation vethe substrate. We emphasize that little is known about the
locity are also attractive for high-power and high- elastic properties of-LIAIO ,. We provide the SAW veloci-
temperature electrical applications. Moreover, the largdies for y-LIAIO 5(100) along th¢010] and[001] directions.
sound velocity and strong electromechanical coupling in AINWhile both of the SAW velocities turn out to be larger than
have been demonstrated to be suited for high-frequenci©Se in the M plane of bulk GaN, the velocity dispersions
acoustic devicek? along the[0001] and[1120] directions of GaN layers on

It is a natural consequence that one wishes to combing-LIAIO , are found to be surprisingly anisotropic.
these excellent optical, electrical, and acoustic properties for
creating novel devices. As a step towards this goal, we are
interested in controlling the light emission due to exciton

recombination by a surface acoustic wa@A\W), as dem- For the present experiments, hexagonal GaN and AIN lay-
onstrated previously using GaAs by Roakeal.” In addition,  ers were grown on tetragongtLiAIO ,(100) substrates by
there are reports in which the electrical properties in GaASpIasma-assisted molecular-beam epithayl. samples inves-
(Al,Ga)As resonant tunneling diodes were modulated by extigated consist of pure M-plane layers as evidenced by high-
posing the active region to SAWS: These manipulations  resolution x-ray diffractiorf. The crystal structure of the sub-
are based on the interaction between the SAW-induced pkrate and the orientation relationship of the epitaxial layers
ezoelectric fields and charged carriers. However, the piezoyre illustrated in Fig. 1. The M-plane surfaces of GaN and

electric fields are easily screened in GaAs when there exiStg|N are aligned to they-LiAIO ,(100) surface. Th0001]
a large number of free carriers in the devices because of the

weak electromechanical coupling. Devices consisting of AINand[llZO] directions of GaN and AIN are parallel to the

and GaN may overcome this problem as the electromechanﬁpl-%: ”C(i[ggj] gilrrsgttilgl?ss ggyybﬁlg 2,er:r5épzcettlgﬁ|r)]/i-m3d b
cal coupling is strong in these materiils. Y 2 y

In the most extensivelv | . élsing Raman scattering. Figure 2 shows the Raman spectra
y investigated cases of GaN ang ) } - -
AIN layers on substrates such as ,@,(0001) and N backscattering configuratioy(u,v)y, whereu andv de-
SiC(0001), the [0001] direction of GaN and AIN is perpen- note the polarization anglandy the direction of the incident
dicular to the interface. This implies the problem that giantand scattered light, respectively. For each directippolar-
electric fields are induced along this direction due to bothzed (U=v) Raman spectra were measured with the polar-
spontaneous and piezopolarizatiowhich quench the pho- ization along orthogonal directioris andz) of the y-LiAlO ,
toluminescence when the well width in GANLGa)N het-  crystal:u=v=x andu=v=z. The measurements were car-
erostructures exceeds about 6 nm. On the contrary, no polatied out at room temperature using a He-Ne laser for excita-
ization is present along the growth directidif,100], for ~ tion at a wavelength of 632.8 nm. Theaxis of y-LIAIO ,
M-plane GaN on ay-LiAlO ,(100) surfacé. The M plane substrates is given by the directign=c for which the Ra-
does not exhibit spontaneous polarization as it is nonpolar. Iman spectra in the configuratioy$x,x)y andy(z,z)y are
addition, there is no piezopolarization in strained layers as &lentical. The in-plane axis of the substrates can, therefore,
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were made of a 100-nm-thick Au film, using optical lithog-
raphy. Interdigitated electrodes of the transducers were de-
fined between the pads using electron-beam lithography and
the lift-off technique. A 30-nm-thick Al film that followed
the deposition of a 6-nm-thick Ti film was prepared by
means of electron-beam evaporation. Delay lines were con-
structed by aligning two nominally identical transducers
along the direction of the SAW propagation. The transmis-
sion characteristics of the delay lines were evaluated using a
summit-9000 analytical probe statid€ascade Microtegh
with a HP 8720D network analyzer.

The transmission between the IDT’s takes place not only
via SAW'’s but also by direct electromagnetic coupling. The
contribution of the direct coupling is eliminated in the trans-
mission spectra to be presented below by exploiting the dif-
ference in the times that the signal transmission requires. The
“crosstalk” signal is transmitted almost instantaneously at
the speed of light, whereas the SAW’s propagate at the sound
velocity. By Fourier transforming a raw transmission spec-

FIG. 1. Ball-and-stick model ofy-LIAIO 5(100). The shaded trum, the impulse response of a delay line can be simulated.
rectangles illustrate the nucleation sites for the @)L plane of  The crosstalk and the SAW transmission can be isolated from
GaN and AIN. The 1120] and[0001] directions of GaN and AIN  each other by selecting the corresponding component in the
are aligned along thE001] and[010Q] directions ofy-LiAIO,, re-  time domain. This technique enables us to determine the
spectively. SAW frequency even if the SAW transmission is signifi-

cantly weak.

be unambiguously determined by Raman measurements

from the cleaved edges. Subsequent measurement_sywith IIl. SAW CHARACTERISTICS IN SUBSTRATES
perpendicular to the substrate surface, i.e., perpendicular to

the ¢ axis, revealed that, e.g., one phonon line at 610 tm In this section, we experimentally investigate the charac-
was absent in thg(z,z)y configuration wherz was parallel ~ t€ristics of SAW's propagating on the surface of bulk

to thec axis. The Raman spectra in Fig. 2 clearly represenf/"L/AIO 2. It turns out that SAW's can be excited directly in
v-LIAIO , by preparing IDTs on its surface. Ag-LIAIO ,

_ ) reacts fairly strongly with acids and alkalis, i.e., typical de-
parallel,y(z,2)y to thec axis. _ velopers of photoresists, the IDT’'s were fabricated using
Interdigital transducersIDT's) were fabricated on the gjectron-beam lithography instead of optical lithography.
epitaxially grown surface to electrically generate SAW's. BY jowever, y-LIAIO , is an insulator, and so multiple layers
applying a rf bias to the IDT's, SAW's are excited through consisting of polymethylmethacryla@®MMA), polyimide,
the piezoelectric effect in GaN and AIN. In the device fabri- 3nq a sheet of Au were employed for the lithography and
cation, we first prepared the contact pads of the IDT's, whichjfi_off process. The pattern delineated in PMMA was trans-

ferred to polyimide by ozone etching-LiAlO, is reactive

the cases with the polarization perpendiculg,x)y, and

to ozone, and so its surface was slightly corrugated despite
B yoex)y the sophisticated fabrication method.
® | 1 We aligned delay lines along tH610], [001], and[011]
s T l directions on thg100) surface. The SAW wavelength was
g ' ‘ J 1 Ns~3.7 um. The aperture and the length of the IDT’s were
= L U M, ] 0.3 and 0.5 mm, respectively. The center-to-center distance
Z 0F O between the IDT’s was 1.5 mm.
s | yzzy In Fig. 3, we plot the SAW transmission amplitude against
£ | the velocity calculated using the frequentynd As. The
| | SAW velocities are obtained to hg=5.0 km/s in both the
0 — L.--.- [010] and[001] directions. The virtually identicad in the
200 400 600 800 1000 directions perpendicular and parallel to the axis of

v-LIAIO , is an unexpected coincidence. The spectra exhibit

additional small peaks ifivs<4.6 km/s. We consider these
FIG. 2. Raman spectra of-LiAIO ,(100) at room temperature. peaks spurious as their existence and the position in the ve-

The polarized scattering configurations g, x)y andy(z,z)y for  locity vary among nominally identical samples. Corrugations

the top and bottom curves, respectively. The Cartesiamaxesind ~ are generally produced on theLiAlO , surface underneath

z correspond to thg010], [100], and[001] directions, respectively. the interdigitated gate electrodes because of the material's

Curves are offset for clarity. reactivity to ozone, which was used in the fabrication of the

Raman Shift (cm™)
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FIG. 4. Transmission spectra of the delay lines prepared on a
fa, (km/s) 700-nm-thick GaN layer grown on &LiAlO ,(100) substrate. The
SAW wavelength is\g=1.2 um. The directions of the SAW propa-
FIG. 3. Transmission spectra of delay lines with IDT’s having agation for the curves in the left- and right-hand sides are along the
SAW wavelength\ s~3.7 um prepared directly ony-LIAIO 5(100).  [0001] and[1120] directions of GaN, respectively. The inset shows
Rayleigh-wave excitation takes placefat;=5.0 km/s, withf be- 3 surface image of the GaN layer obtained by atomic force micro-
ing the frequency, along both t§610] and[001] directions. The  scope. The scan area isx3 um? The peak-to-valley and root-

excitation is absent when the delay line is set alond@1d] direc-  mean-square magnitudes of the height modulation are 6.5 and 0.6
tion. The broad peak aths~5.5 km/s is ascribed to bulk-wave nm, respectively.

excitation.

DT’ . - . The two curves in Fig. 4 are associated with the SAW
s. The spurious peaks may originate from multiple scat- ) ; —
tering of SAW’s within the IDT’s. propagation along th¢0001] (left-hand sidg and [1120]

We deduce following speculations about the electromelright-hand sidg directions of GaN_. The piezoelectricity of
chanical coupling iny-LIAIO, based on the transmitted G@N and AIN occurs along the axis, presumably account-
SAW amplitude. Although the nature of the SAW’s, includ- "9 for the significantly larger SAW transmission am_phtude
ing beam spreading and steering effects and the attenuati@tong the GalND001] direction than along the G4NI120]
during the propagation, has to be assessed for a reliab@rection. Despite the large electromechanical coupling in
evaluation, we neglect all of these in the following qualita-GaN,G the transmission amplitude is small. We attribute this
tive arguments because of the relatively small SAW propato the large background carrier density10?* m~2) in the
gation distance between the IDT’s. First, the electromechanias-grown M-plane GaN layers. The electrons screen the rf
cal coupling is suggested to be stronger along [id@l] voltage and hence suppress the SAW generation. The
direction than along thg010] direction. Second, when iden- quenching of the piezoelectric fields by the electrons also
tical delay lines were patterned on tfl0) surface of GaAs disrupts the SAW detection. The free carriers were found to
for [011] propagation, the insertion loss was20 dB. This be not too problematic in GaN layers grown on SiC
may suggest that the electromechanical coupling coefficiergubstrate§.However, this may no longer be the case for the
of y-LIAlIO, is substantially smaller than th&0.06%9 of = GaN layers grown ony-LiAIO, as the carrier density is
GaAs. Third, the Rayleigh-wave excitation is absent wherabout an order of magnitude larger there in comparison to
the delay line is prepared along tf@L1] direction, suggest- that in the GaN layers on Si€.
ing that the electromechanical coupling is negligibly small In Figs. §a) and 5b), we plot (symbols v for various

along this direction. We will return to this point later. valu_es of \¢ for the SAW propagation directions of GaN
[1120] and GaNI0001], respectively. When the SAW propa-
IV. SAW CHARACTERISTICS IN HETEROSTRUCTURES gation is set to be along the G000 direction, vs de-

creases with an increase ®f. For 2.0<\;<4.5 um, vg

We turn our attention to the properties of the SAW'’s in appears to be roughly independentiaf. On the contrary,
GaN/y-LIAIO, heterostructures. In Fig. 4, we show the the SAW propagation becomes monotonously faster for
transmission spectra of delay lines having=1.2 um. The  |arger 4 in the GaNl1120] direction. In the limit of large
delay lines were fabricated on a GaN layer of thicknéss ) v should be given by the SAW velocity in the substrate.
=700 nm. The inset of Fig. 4 shows an atomic-force-The velocity-saturation regime is not reached whii
microscope image of the surface of this GaN layer. Epitaxial=0.16. We are hence unable to determine the SAW velocity
GaN and AIN layers exhibit a characteristic “slatg—like” in y-LIAIO, from the SAW dispersion in the heterostruc-
morphology with stripes elongated along tHel120] tures.
direction!®~*2The root-mean-square magnitude of the height An acoustic wave is confined in the overlayer when the
modulation is merely 0.6 nm for the GaN layers under invessound velocity in the substrate exceeds that in the overlayer.
tigation. The roughness is thus insignificant for SAW propa-As a consequence, guided Rayleigh modes emerge roughly
gation. when \; is less thard.® As anticipated from the steady in-
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FIG. 5. Dependence of the SAW velocity on the SAW wave-
length\¢. The direction of SAW propagation {8) perpendicular to
the ¢ axis of GaN (along the y-LiAIO,[001] direction and (b)

FIG. 6. Dependence of the SAW velocity on the SAW wave-
length A;. The structure consists of a 225-nm-thick AIN layer
. . T grown on a 85-nm-thick GaN buffer layer orLIiAIO ,(100). The
along thec axis of GaN(along they-LiAIO ,{010] direction. The direction of the SAW propagation is perpendicular to thaxis of

Strf.(:;ge 106)0“5'?; Ofl.; 7(;)3-“”;42'?'( G?N layer grolwn d(?nGaN (along the[001] direction of y-LiAIO ;). Numerical predic-
Y 2(100). | ne solid.and dashed Ines show humerical predics; g are shown by the solid lines. The elastic constaptandcgg
tions of the dispersion wherc,, and cgq are 0.7 and 1.5

. o 66 < of y-LiAlO , are assumed to be 0<7L0** N/m?. The thick and thin
X 10" N/m?, respectively. The dotted lines indicaig on the sur- Y HAD u ! !

: : A lines correspond to the SAW propagation along EDQEO] and
faces of bulk GaNtheoretical and y-LiAIO , (experimental
N 3 4 2 (exp 3 [000]] directions of GaN, respectively. The dotted lines indiaate

. . L th f f bulk tals.
crease ofv with \g, the guided mode is indeed observed on the surfaces ot bulk crystals

along the GalN1120] direction forA¢<0.8 um. The veloc-

ity of the guided mode decreases rapidly with decreasing  have numerically estimated the SAW velocities.

The guided mode is not detected along the R¥101] direc- Let us consider th€100) surface of either a tetragonal or
tion. The absence of the guided mode together with the denexagonal crystal. Since the piezoelectric constants of
crease Ofl}s when )\s is increased could be interpreted to )/'L|A|02 are unknown, we neg'ect the piezoe|ectric cou-
mean that SAW's propagate slower in the substrate than igjing throughout our calculations. This assumption is justi-

the overlayer along the G4B001] direction. This velocity fied as the electromechanical coupling appears to be weak in
relation would lead to a unidirectional confinement of SAW | jAl0 ,. The displacement vectarof particles of the me-

modes. HOWeVen}S in ’y-L|A|02 evaluated in the preceding dium Obeys the f0||owing wave equation:
section indicates that this is not the case.

In utilizing the optical and electrical properties of GaN,
GaN+{Al,Ga)N quantum wells are likely to be employed to
confine carriers. We have, therefore, investigated the SAW
dispersion also in an AIN/GaNfLIAIO , heterostructure. wherec;;, is the elastic tensor anglis the mass density. For
The thicknesses of the AIN and GaN IayerS were 225 and 8%1e X propagation on the surface, a Ray|e|gh_type surface
nm, respectively. In Fig. 6, we show the-dependence of \yave with the wave numbey=w/vs and the angular fre-
vs- Due to quasiregular cracks in the epitaxial layer that runyyencyw= 27 f. is described as

in the[1120] direction of AIN and GaN, the SAW propaga-

duction ofv for large\ ¢ along the GalND001] direction, we

(92Uk (92Uj
C.. —_— —,
ijkl 9X; IX; P o2

€y

tion was allowed in this particular sample only along this Ux 1 4024 (%= wt)
direction. The cracks occurred because of the tensile strain in u, *\i y € € ' 2)
the AIN layer with respect to the GaN buffer layer. As ) .
SAW's propagate faster in AIN than in Gal\;s exhibits a ~ Where{) is a solution of
minimum athg~2 um.
ek (pve—ci+cu0?)(pri—cyt+ciQ?)+(cy+cy)®=0
©)

V. DISCUSSION
and

In the limit of A(— 0, v in layered structures approaches
the value in the overlayer. Therefore, the in-plane anisotropy (ci+c3)Q
of v in the directions perpendicular and paralleﬁo thexis Y= m (4)
is indicated to be fairly small both in the GaN(aq) and SCERCHRE
v-LiAIO ,(100) surfaces in comparison to the difference ofThe coefficients,, ¢,, andcs, which are listed in Table I,
v between the two materials. However, the SAW dispersiordepend on the direction of SAW propagation. For a bulk
exhibits dramatic anisotropy when the two materials arecrystal, the stress-free conditian,,du,/dx;=0 at the sur-
stacked. In order to try to understand, in particular, the refacez=0 leads to the following relation:
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TABLE I. Coefficientscy, ¢,, andc; for the [010] and [001] The agreement between the numerical and experimental
propagations of surface waves. The coefficients are identical for theesults is not satisfactory, apart from the smallregime, for
(100 surfaces of tetragonal and hexagonal crystals. which v is dominated by the elastic properties of GaN. The

relatively good agreement obtained for the guided mode is
C1 Cy C3 due to its confinement in the GaN overlayer. Nevertheless,

the numerical results point out an important characteristic of
the SAW'’s in the GaNy-LIiAIO , heterostructures. The simu-
lation predicts thatvg decreases initially wheng is in-
creased. This velocity-bowing behavior is presumably re-
sponsible for the velocity reduction with increasingalong
Im[(y+Q)*(c3—cq17Q)]=0. (50  the GaN0001]] direction. However, the simulation expects a
bowing effect also along the GaMN120] direction compa-
rable with that along the G4R001]] direction. This is the
opposite behavior compared to that observed experimentally.
Since the SAW dispersions in GaN layers grown on
,03 (Ref. 14 and SiC(Ref. 6 generally show good agree-

[010] propagation Cos C1y C12
[001] propagation Cas C33 Ci3

In our simulations, we calculate from Eq. (3) for a
given value ofvg. The value ofvg that satisfies Eq(5)
corresponds to the SAW velocity. In layered structures, th%

_continuity condition_s fou at the inte_rfaces are additionally ment with numerical results, we attribute the discrepancies to
imposed to determineg. The material parameters that we the uncertainties of the properties 9tLIAIO ,. To begin

used in our simulations are summarized in Table Il. The ex; ith, the SAW excitation direction observed in Fig. 3 is sur-
perimentally determined lattice constants, 5.1687 anii

. : rising. It can be shown, see the Appendix, that the electro-
6.2679 A, respectively, fqr perpendlcglar and parallel to th echanical coupling for this case is absent in 0] and
claX|_s, were used to _eTtlmape of y-LIAIO,. Admong the [001] directions, similar to the case in GaAs. The absence of
elastic constants 0f-LIAIO 5, Cyy, Cip, C13, ANdCys Were 1o AW excitation in th€011] direction in Fig. 3 is again in
measured experimentally using a pulse-echo method. Detai

£ thi il b blished el h Wi ntradiction with theoretical expectation, unless the SAW’s
of this measurement wi 5 € published eisew ere.2 € NOtQttenuate strongly along this direction. Clarifying the origin
that the two solutions of)~ obtained from Eq(3), 21 and

5 of this unexpected behavior will lead us to understand the
Q5, are real for bulk GaN and AIN, whereas they are COM-anisotropy of the SAW dispersion.
plex conjugate for bulky-LiAIO ,. The disagreement between the experiment and the theory
The remaining elastic constantg, andcegs of y-LIAIO,  might originate from the fact thay-LIAIO , changes tox
are unknown. We first attempted to determine these e|aSti§hase (trigona| structurg under intense electron-beam
constants by fittingys of bulk y-LIAIO, to experimental jrradiation!® However, we do not think that the electron-
values. As one finds in Table ¢,4 andcgs can be estimated peam-induced phase transition is relevant in our experiments
separately fromv in the[001] and[010] directions, respec- as both the acceleration voltages kV) and the dose were
tively. However, numerically calculatag, of y-LIAIO, was  small in the electron-beam lithography. A possible explana-
considerably less than the experimental values-6f0 km/s  tion may be a coupling of the Rayleigh modes to transverse
for any values oft,44 andcgg. displacementt? The unknown elastic constants of
We have, therefore, calculated the dispersion in the lay--LiAIO ,, ¢4, andcgg, have to be determined to examine
ered system for a number of valuesogf andcgg in order to,  this possibility.
at least, understand qualitatively the anomalous anisotropy. The numerically derived dispersion curves in AIN/GaN/
The solid and dashed lines in Fig. 5 show numerically pre-y-LiAlO , heterostructures are shown by the solid lines in
dicted vs-A relations whenc,, and cgs are 0.7 and 1.5 Fig. 6. Here, we have assumeg= Cge=0.7X 10** N/m? for
X 10" N/m?, respectively. In bulky-LIAIO 5, vsinthe[001]  y-LiAIO,. Although the simulation reproduces the variation
and[010] direction is, respectively, 4.168.600 and 3.883  of v with A, reasonably well, the quantitative agreement of
(4.174 km/s whenc,, and ce are 0.7 (L.5X10" N/m?. 4 s rather poor. It ought to be pointed out that the overes-
The dispersion curves are practically indistinguishable whefimate ofv may suggest that the ratio of the AIN and GaN
Css and cgs are between 0.5 and O®LO'"N/m?. SAW |ayer thicknesses is less than that assumed in the calculation.
modes do not exist wheg,, and cg are less than 0.5  Finally, we note that Gulyaev-Bleustein waves are known
X 10" N/m?. to exist when thec axis of hexagonal crystals lies in the
plane of the surfact¥ For these waves, the nonzero displace-
TABLE II. Mass densityp (in units of 1 kg/n®) and elastic ~ment is only along the axis and the propagation direction is
constant;; (in units of 16 N/m?) of GaN, AIN, andy-LiAlO ,. perpendicular to the axis. Therefore, such waves, in prin-
The elastic constants of-LiAIO , were measured by a pulse-echo ciple, are not excited by the IDT's. However, Gulyaev-

method. Bleustein waves may play a role in the SAW transmission
spectra if Rayleigh waves are scattered into them, for in-
p Ci1  Ci2 Ci3 Csz  Caa  Ces stance, by cracks in the epitaxial layers.
GaN 6.15 3.7 1.45 11 3.9 0.98 1.125 VI. CONCLUSION
AIN 323 41 1.4 1 3.9 1.2 1.35
y-LIAIO, 264 118 0585 0.602 1.495 In conclusion, we have investigated the acoustic proper-

ties in GaNA-LIAIO , heterostructures by measuring for
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various values ohs. The SAW velocities in th¢100) sur-  wheree,;; is the piezoelectricity tensor ang is the electric
face of y-LIAIO , along the[010] and [001] directions are  permittivity tensor.

found to be virtually identical at 5.0 km/s. The SAW veloci-  The nonzero piezoelectricity components)eLiAlO , are
ties in the M plane of GaN along and perpendicular toche e ;= —e,5 since it belongs to 422 symmetry class. For the
axis are estimated to be 3.8 and 4.0 km/s, respectively. DeRayleigh mode propagating in tH®10] direction on the
spite the fact that 5 in y-LIAlO , is considerably larger than (100) surface, the wave equations reduce to

that in GaN,vs in GaN/y-LIAIO , heterostructures decreases

along the GalND001] direction when)g is increased. Nu-

merical calculations indicate that the velocity-bowing effect pvi+c0%—ces  —iQ(Ciot Cp) 0

is responsible for the anomalous dispersion. —i0(CiptCeg)  pv2+Ceg?—Cyy 0
S
2
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APPENDIX: ELECTROMECHANICAL COUPLING

We show that the electromechanical coupling coefficient£\ll terms involvingey;; vanish, and so the piezoelectricity is
for the SAW’s propagating in thE010] and[001] directions ~ decoupled from the surface wave. As the SAW velocities for
on the(100) surface ofy-LiAlO , are zero. free and shorted surface conditions are, as a consequence,

The wave equations that govern piezoelectric SAW’s aredentical, the electromechanical coupling is absent. The ab-

sence of the electromechanical coupling is concluded also
52U, P (;ZUJ. fc_Jr t_he[OOl] direction on thg100) s_urface. This situation is
Cilkl 2% ax. + Exij xeaox. P2 (A1)  similar to the zero electromechanical coupling for fheo]
e kO at propagation on théD01) surface of GaAs, for which nonzero
224 2 piezoelectricity components agg,= €25= €36. Simi.larly', it. .
e K e =0, (A2)  can be shown that the electromechanical coupling is finite
IX) IX; IXy IX; when the SAW propagation direction i811].
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