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The research work presents the results of computer simulation of mass loading influence represented by two metal
layers on variations in the dispersion modes of the Lamb and SH elastic waves phase velocity in the piezoelectric lay-
ered structures Me/ZnO/Me and Me/AIN/Me depending on the elastic wave frequency and the ratio of the metal layer
thickness to the piezoelectric layer thickness. The studied materials of the piezoelectric layers have a set of such sig-
nificant properties as large values of the electromechanical coupling coefficient for piezoelectrics and significant val-
ues of phase velocities for bulk waves and surface acoustic waves. Aluminum (Al) and molybdenum (Mo) are consid-
ered as metal layer materials, which are most often used in the manufacturing of acoustic electronic devices. For both
types of structures it was revealed that only the Lamb elastic wave modes have localized maxima of S sensitivity. It was
found that the value of changing in the elastic wave phase velocity depends on the ratio of the metal layer acoustic im-
pedance and the piezoelectric plate material. The maximum sensitivity values of elastic wave modes are achieved with
AIl/AIN/AI configuration, i.e., in a system with low acoustic impedance values of the bulk longitudinal wave for the layer
and piezoelectric plate materials. The results of the simulation can be used in the development of various acousto-
electronic devices, including some components of the rocket and space technology electronic base.
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C nomowbio KOMNLIOMEPHO20 MOOETUPOBAHUSL NPOAHATUZUPOBAHO GIUSHUE MACCOBOU HASPY3KU 8 8UOe 08YX Memal-
JUYECKUX CI0e8 HA UBMEHEeHUe (a3080U CKOPOCMU OUCHEPCUOHHBIX MOO ynpy2oll 6oanbl JIomba u SH-6onnbl 6 cmpyk-
mypax euoa Me/ZnO/Me u Me/AIN/Me 6 3asucumocmu om uacmomsl YApy2ou OJHbL U OMHOUWEHUS MOTUWUH CTIOE8
Memania u nve3odnekmpura. Mcciedyemvie Mamepuabl nbe3031eKmpuieckux cioes 061adarm makumy ceolucmeamu,
Kax 6onvuiue 3HaueHust Kodghguyuenma 31eKmpoMexanuyeckoll Ces3u i 3HaYUmenbHvle 8eIUYUHbL (ha308bIX CKOPOCMEN
00bEMHBIX U NOBEPXHOCMHBIX AKYCMUYECKUX 8ONH. B kauecmee mamepuanog memaniuyeckozo ciosi UCHOIb308AIUCH
amomunuti (Al) u moauboen (Mo), wacmo npumensOWUECss NPU U320MOBTEHUU AKYCMOIIEKMPOHHBIX Ycmpolcms. [
000UX MUNO8 CIMPYKMYP 0OHAPYIHCEHO, UMO MOAbKO MOObL Yynpyeoll 8oaHbl JIomba obradarom n0KAIU308AHHLIMU MAK-
cumymamu yyecmeumenvnocmu S. OOHAPYHCeHO, YMO GeNUUUHA USMEHEHUs (PA3080U CKOPOCIU YRPY2Oll 60IHbL 346U~
CUM OM COOMHOUWLEHUS] AKYCIMUYECKO20 UMNEOAHCd MEMALIUYECKO20 CNOs U Mamepuana 36yKonpogooa. Makcumainb-
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Hble 3HAYEHUs. YYBCMGUMEIbHOCMU MOO YAPY2OU 60AHbL OOCMUAIOMCA NPU KOHQU2Yypayuu CIOUCMOU CUcmembl
AI/AIN/AL m. e. 8 cucmeme ¢ HUBKUMU 3HAYEHUSAMU AKYCIUYECKUX UMNEOAHCO8 00BEMHOU NPOOObHOU BOIHbL OISl MA-
MePUAnog Cloe6 U Nbe302NeKMPULEecKo20 36YKONposood. Pe3yibmamol GbINOIHEHHO20 MOOEIUPOSAHU MO2Ym Oblmb
UCNONBL308AHBL NPU PA3PAOOMKE PASIUUHBIX AKYCMOINEKMPOHHBIX YCMPOCME, 8 MOM YUCIe UCNOTb3YEMbIX @ Kauecmeae
KOMNOHEHMOB 3JIeKMPOHHOU 6a3bl PAKEMHO-KOCMUYECKOU MEXHUKU.

Knroueswvie crosa: nbe3031eKmpuqecKas niacmuna, 60JHA ./73/14661, SH—GOJZHG, maccoesas Hacpy3ka, KOMnviomepHoe

Modenuposanie.

Introduction. At the present time the properties of the
elastic waves propagating in the thin plate which thick-
ness has the same order as longitudinal and transverse
waves lengths in the considered material are studied quite
explicitly [1]. There is a large number of pilot and theo-
retical studies of characteristics of various Lamb elastic
waves and SH waves modes in plates from isotropic, pie-
zoelectric and composite materials [2—4].

Metal layer application (metallization) on piezoelec-
tric plates surfaces leading to the electric short circuit of a
surface, as a rule, decreases the velocity of acoustic
waves propagation [5; 6].

Acoustic waves in piezoelectric plates are a perspec-
tive object for the development of microwave resonators
and sensors of the next generation. Due to high interest in
this issue there appeared many pilot and theoretical stud-
ies of acousto-electronic devices on the basis of the pie-
zoelectric plates operating at various modes of elastic
waves [7-10]. As a rule, for of elastic waves in devices
electrodes (interdigitated transducers, IDT) placed on
a plate surface are used.

In devices created on the basis of a single-layer or a
multilayer piezoelectric structure, the thickness of elec-
trodes can be comparable to the acoustic line plate thick-
ness. At the same time the precious metals, such as gold
or platinum which are often used in sensors for various
biochemical applications, have essential values of an
acoustic impedance [11].

Therefore, metal layers thickness and mass cannot be
neglected. Thus, considering the impact of metal layers on
the change of dispersion characteristics of various modes
of an elastic wave in the piezoelectric plate is important
for the improvement of devices characteristics on similar
structures [12].

In this work the computer simulation of load influence
in the form of two metal layers on dispersion characteris-
tics of Lamb elastic wave modes in zincum oxide
plates (Me/ZnO/Me structure) and aluminum nitride
(Me/AIN/Me structure) was executed. These piezoelec-
tric materials have great values of the electromechanical
coupling coefficient and considerable values of phase
velocities for bulk and surface acoustic waves. Thanks to
these properties the considered materials are actively ap-
plied when developing various acousto-electronic devices.
Aluminum and molybdenum in the form of the thin
metalizing film were used as materials for metal layers,
that is the metals which are often applied at electrodes
production [13]. The choice of two metals with various
acoustic impedances also allows to analyse how the ma-
terial layer acoustic impedance influences the change of
phase velocity of various elastic wave modes in an acous-
tic line.
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The executed simulation results can be used when de-
veloping various acousto-electronic devices including
those used as components of the rocket and space
technology electronic base.

Theoretical bases of elastic waves propagation in
layered piezoelectric medium. Let us consider the
propagation of small amplitude elastic waves in unper-
turbed by external influences piezoelectric crystal. The
motion equation, the electrostatics equation and the state
of piezoelectric medium equations have the following
form [14]:

PV =Tupps Dypr =0;
_ .E .
T s = CapepNep — s Ears (1
_ N
Dy =eyyEy +eypMups

where p, — crystal density in an undeformed state; U, —
vector of dynamic elastic displacements; 1,3 — tensor of
thermodynamic stresses; D), — electric induction vector;

Nep — tensor of small deformations; ¢, ,e,s > Eln—

elastic, piezoelectric and dielectric constants of the second
order.

For elastic displacements and electric potential in the
form of plane monochrome waves of small amplitude
the set of equations (1) is recorded as Green-Christoffel
equation which has to be solved for each layered struc-
ture medium [15].

Let axis X; be directed along an outward normal to the
layer surface in a working orthogonal system of coordi-
nates and axis X coincide with the wave propagation
direction (fig. 1, a). The elastic wave propagation in such
system has to meet the corresponding boundary condi-
tions.

Boundary conditions, in particular, for the three-
layered structure ,,metal/piezoelectric/metal are: equality
to zero of normal component of a stress tensor on the
»metal/vacuum* interface; equality of normal component
of a stress tensor, equality of displacement vectors and
equality to zero of the electric potential wave on the
,,metal/piezoelectric interface [16]:

T(;J) x3=d e
W =1® @0 ;0Y=07 ;
x3=h x3=h i i x3=h @
=] e 0V =07
rfj) o= 0.

Here d,, d, and h — thickness of metal overlayer,
sublayer and piezoelectric layer respectively.
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In this work the d, =d, condition is met, i.e. metal
overlayer and sublayer thicknesses are equal.

Substituting the elastic wave equation in the form of
linear combinations of partial waves in boundary condi-
tions:

U, = z C"a"exp [i(klx1 +k"x, — (ot)] ,
! 3)
@=).C"alexp [i(klx1 +k"x, — (ot)] ,

where the superscript # is equal to the number of partial
waves in the corresponding layer, we will recieve a linear
equation system - boundary conditions. Equality to zero
of boundary conditions matrix continuant (2) which di-
mension in this case is 20x20 elements allows to calculate
phase velocities of the symmetric and antisymmetric
modes of the Lamb wave and SH-wave.

Variations of boundary conditions (2) define all types
of elastic waves propagating in the three-layered plate.
When using isotropic metals and piezoelectric materials
of a symmetry group 6 mm for the considered layered
structures Me/ZnO/Me and Me/AIN/Me, a set of equa-
tions describing boundary conditions (2) is divided into
two independent parts: a set of equations for the Lamb
wave modes and a set of equations for SH-modes of the
elastic wave.

The computing experiment was carried out with the
use of the software developed by authors.

Analysis of mass load influence on waves velocities
in three-layered plates. There are several determinations
of piezoelectric structure sensitivity parameter to mass
loading [17; 18]. In particular, S mass sensitivity of the
multilayer resonator can be defined as the displacement
of the relative resonator frequency normalized to the mass
density surface [18]. However the disadvantage of this
approach is that at great values of frequency f'the changes
of phase velocity at increase in thickness of a metal layer
are smoothed.

In this work the following formula was used for mass
sensitivity of elastic wave determination:

1 (Av
i

where Av=v—v, . — the change of an elastic wave phase

velocity when metallizating with a bulk density p; d —

the total thickness of metal layers. Velocities displace-
ment is calculated concerning the elastic wave v velocity
when metallizating with infinitely thin layer which does
not change mechanical boundary conditions [19].

Let us note that this condition, as the computer ex-
periment revealed, is carried out at a layer thickness less
than 1 nanometer. Also the condition (4) levels the influ-
ence of the piezoelectric effect and, therefore, parameter S
will not depend on the piezoelectric layer type.

The schematic representation of the studied layered
structures is presented in fig. 1, a. Phase velocities disper-
sion dependences of the Lamb wave fundamental modes
and fundamental and first modes of SH-wave on value of
the /Axf parameter (piezoelectric thickness x frequency)
for the layered structure of Me/ZnO/Me type with orienta-
tion of the layer [100] (001) are presented in fig. 1, b,
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similar dependences for the layered structure
Me/AIN/Me with orientation of the layer [100] (001) are
presented in fig. 1, ¢. As a metal layer (Me) Al and Mo
having various values of acoustic impedance Z = pv were
used. The acoustic impedances calculated for bulk longi-
tudinal waves of all considered materials relate as
Zal < Zan < Zzno < Zyo. The values of the material con-
stants for aluminum and molybdenum are taken in [13],
ZnO — in [20], AIN — in [21]. The change range of phase
velocities of the elastic wave running modes in the struc-
ture Me/ZnO/Me at metallization with infinitely thin lay-
ers is ranging from values of a longitudinal wave phase
velocity in ZnO crystal (v = 6084.14 m/s) or from zero
(4o mode) to the phase velocity of the Rayleigh wave in
ZnO at the metallized surfaces (v =2677.6 m/s). It should
be noted that due to ,,switching off* of the piezoelectric
effect at metallization of plate both surfaces the phase
velocity of SHy mode coincides with the velocity of a fast
shear wave in ZnO crystal.

In Me/AIN/Me structure phase velocities of elastic
wave running modes also change from the longitudinal
wave phase velocity values in AIN film (v = 10287.28 m/s)
or from zero (mode A;) to the phase velocity of the
Rayleigh wave in AIN at metallized surfaces (v = 5485 n/s).
Unlike Me/ZnO/Me structure with the maximal value
of the parameter /Axf=10000 m/s for calculation
of Me/AIN/Me structure the range of change of the pa-
rameter Ahxf to 20000 m/s was increased due to the fact
that phase velocities values of all elastic wave modes
significantly increased.

Calculation of elastic wave phase velocities modes
change was made at the ratio of a metal layer thickness to
piezoelectric material thickness d/A = 0.001; 0.005; 0.01;
0.05; 0.1. Solid lines in fig. 1, b, ¢ designated phase ve-
locities modes of the Lamb elastic wave and SH-modes
at metallization of a piezoelectric layer above and below
by two infinitely metal layers which are not violating me-
chanical boundary conditions are shown with solid lines
in fig.1, b, c. Dashed lines in fig. 1, b, ¢ correspond to the
piezoelectric material layer d/h = 0.1. In absolute values
the presented values of phase velocities can be received at
piezoelectric material thickness layers % = 1 mkm and
each of metal layers d = 0.1 mkm at frequency change
from 1 MHz to 10 GHz (20 GHz for AIN).

Metal use in a multilayer plate can considerably affect
wave elastic energy redistribution due to acoustic proper-
ties of layers and also an interference between elastic
wave modes falling and reflected from borders
of layers. For example, in AI/AIN/AI structure at values
hxf increase and metal layers of maximal thickness
(d/h = 0.1) use phase velocities of elastic wave modes
tend to the value of phase velocity of the bulk shear wave
in aluminum (fig. 1, ¢). The similar situation occurs also
when used other metals in multilayer structure. At the
same time it is noted that in Me/AIN/Me structure elastic
wave modes velocities at identical type of metal and the
parameter value hxf decrease more significantly than in
Me/ZnO/Me structure.

When comparing identical structures with metal layers
different thickness it was revealed that the increase in
metal layer thickness, as a rule, reduces the velocities of
propagation of the first and the higher orders acoustic
waves.
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In fig. 2 the graph of sensitivity S calculated by
formula (4) for fundamental A4, S, modes, the first
modes A4, S; of the Lamb wave and also fundamental
and the two first modes of SH-wave depending
on the parameter hxf in Al/ZnO/Al structure providing
d/h =0.001 is presented.

It is possible to note that on modes dispersion
dependences Sy, 4, S; of the Lamb wave the expressed
S maxima are observed. The maximal value of
S =251 sq.m/kg for S, mode at Axf=2500 m/s , for
A; mode S = 248 sq.m/kg at Axf = 4700 m / s, for
S1mode S =249 sq.m/kg at Axf =7000 m/s (fig. 2).

7 9,103 m/s v,103m/s
6
X3
Vacuum  \feta] 5
—4 —
s . .
~h1 |Piezoelectric | Xy
]
0 Vacuum 3
2
hxf, 103 m/s hxf, 103 m/s
a b c

Fig. 1. Dispersive dependence of phase velocities on the product 4xf for the layered structure Al/Piezoelectric/Al:
a — the scheme of the layered structure; b — fundamental and first modes of Lamb and SH-wave in the structure Al/ZnO/Al;
¢ — fundamental and first modes of Lamb and SH-wave in the structure AI/AIN/AL Solid lines — mode velocities for infinitely
thin metal layers, dash lines — mode velocities for metal layers thickness d/h = 0.1

Puc. 1. lucriepcuoHHbIe 3aBUCUMOCTH (a30BBIX CKOpOCTEil OT Mpou3BeeH s ixf s cinouctoii crpykTypbl Al/nbe3osnexTpuk/Al:
a — cXeMa CIIONCTOH CTPYKTYpHI; 6 — (yHIaMeHTaJIbHBIE U IepBbIe MOJbI BOJHEI JIam6a u SH-BonHEI B cTpykType Al/ZnO/Al;
6 — QyHamMeHTanbHbIe U IepBble MOIbI BosHbI JIamba 1 SH-BonHb! B cTpykType Al/AIN/AL; critonisblie THHIN —
CKOPOCTH MOJ{ IIPU OECKOHEYHO TOHKHX CJIOSX METaJlla, TOYCUHbIE JINHUH — CKOPOCTH IIPH OTHOCUTEIIBHOI
TOJIIMHE MeTa/uIa u ciiost d/h = 0,1
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Fig. 2. Dispersive dependence of the sensitivity S for Lamb and SH-modes
of an elastic wave on the product 4xf for the layered structure Al/ZnO/Al
Ratio of the metal layers and piezoelectric d/h = 0.001

Puc. 2. lucniepcuoHHBIE 3aBUCUMOCTH 4yBCTBUTEIBHOCTHU S MO/ YIIPYron

BOJIHBI JIaM0a u SH-BOJIHBI OT NPOU3BEACHUS /1Xf 1151 CIIOUCTOI CTPYKTYPBI
Al/ZnO/Al pu OTHOIIEHUH TOJIIMH METAIIa U Ibe30eKTpuka d/h = 0,001
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Therefore, at metallization of a plate from above and
from below by two metal thin layers the modes of an elas-
tic Lamb wave above the zero order (except for mode 4,)
have the sensitivity maxima occurring practically through
identical intervals of the parameter sxf values.

S value maxima are revealed only for the Lamb wave
modes 4, and S;. They are explained by the condition of
Jresonance® reflection of these waves from a piezoelectric
boundary with metal layers realization, what leads to the
emergence of local maxima in values of S (fig. 2). The
graphs of sensitivity S fundamental mode of an antisym-
metric wave A, and SH-mode with shear-horizontal and
horizontal polarization on the studied frequency range
have no peculiarities. Only the apparent dependence of
the module S decrease at the increase of the parameter 4xf’
is characteristic for them. It is possible to note that the
decrease (on module) of S values is connected with grad-
ual mode A4, velocity increase at the values of the parame-
ter hxf increase. At the same time the velocity of this
mode remains the minimal of all considered elastic wave
modes velocities. The decrease in S values for transversal
and horizontal polarization modes is connected with the
same gradual decrease of these modes velocities at the
increase of the parameter 4xf values. Further in this work
only features of acting of S sensitivity curves for the
Lamb elastic wave mode having maxima on the consid-
ered range of the parameter /xf values are being de-
scribed.

In fig. 3 the graphs of S sensitivity of S, fundamental
mode and the first modes 4, u S, of the Lamb wave de-
pending on the metal layer material, the ratio of d/4 and
hxf parameter in Me/ZnO/Me structure are presented. The
maximal values of S parameter for S, mode are reached at
hxf=2400-2500 m / s and the ratio of d/A = 0.001 where
condition 2 = 2)\/3 is satisfied, i. e. a piezoelectric layer
thickness is equal to two thirds of the elastic wave S,
length (fig. 3, a, d). When using Al and Mo layers the
value of parameter S = 251 sq.m/kg and S = 246 sq.m/kg,
respectively. Essential decrease of S sensitivity for the
considered elastic wave modes is particularly evident at
d/h > 0.05. This decrease of S values at d/h increase is
especially observed when using Mo — the metal with high
acoustic impedance value. Numerical values of § maxima
for both types of metal differ only at the considerable
thicknesses of layers, for example, in Al/ZnO/Al structure
at d/h = 0.1 the value of sensitivity of S = 200 sq.m/kg
at Axf = 2300 m / s, and in Mo/ZnO/Mo structure
S= 155 sq.m/kg at hxf=2100 m /s (tab. 1). The maximal
values of § parameter for 4, mode of the Lamb elastic
wave are reached at sxf = 4700 m / s and d/h = 0.001
where the condition # = A is satisfied, i. e. thickness
of a piezoelectric layer is equal to A4, elastic wave length
(fig. 3, b, e). The maximal values of S parameter for S,
mode of the Lamb elastic wave are reached at 2xf= 7000
m / s and d/h = 0,001 where the condition # = 3\/2
is satisfied, i. e. the piezoelectric layer thickness is equal
to one and a half length of S; elastic wave (fig. 3, c, f).
At the same time it was also revealed that application
of Mo layers leads to more considerable decrease of the S
maximal sensitivity value than when using Al
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According to the graphs in fig. 3 and to the data
in tab. 1 it is noted that the increase in a metal layer thick-
ness (d/h) always leads to wave frequency displacement
in the S maximum to more low-frequency area.

In fig. 4 the graphs of S sensitivity of the Lamb wave
fundamental and first modes depending on the metal layer
type, the ratio of d/h and the Axf parameter in Me/AIN/Me
structure are shown.

The maximal values of S parameter for Sy mode are
reached at ~xf= 5200 m /s and d/h = 0.001 on the condi-
tion when /2 = 2A/3, as well as in the previous structure for
the similar mode (fig. 4, @, d). When using Al and Mo
layers at S = 502 sq.m/kg and S = 493 sq.m/kg, respec-
tively. Essential decrease of S sensitivity for the consid-
ered elastic wave modes is shown at d/2> 0.05, in par-
ticular when using Mo. S maxima numerical values for
both types of metal differ only at the considerable thick-
nesses of layers, for example, in AI/AIN/AI structure
at d/h = 0.1 the sensitivity value of § = 432 sq.m/kg
at hxf = 4800 m / s, and in Mo/AIN/Mo structure
S =239 sq.m/kg at hxf'=4200 m /s (tab. 2). The maximal
values of S parameter for 4; mode of the Lamb elastic
wave are reached at ixf = 9600 m / s and the ratio of
d/h = 0.001 where 4 = A condition is satisfied (fig. 4, b, e).
The maximal values of S parameter for 4; mode of the
Lamb elastic wave are reached at /xf'= 13800-14000 m / s
and d/h = 0,001 where A2 = 3A/2 condition is satisfied
(fig. 4, ¢, /).

The values of S parameter in maxima exceed similar
values by 1.5-2 times for Me/ZnO/Me structure, at the
same time the increase in thickness of a metal layer also
leads to the wave frequency displacement in maxima of S
parameter values.

At the same time unlike Me/ZnO/Me structure for the
considered Sy, 4;, S; modes of the Lamb elastic wave the
essential increase in values of S sensitivity when using
thick layers of Al is noted. In this case S at great values of
the parameter /xf can be comparable or even exceed the
values in the local maximum (fig. 4, a). At the same time
it is also possible, for example, for A; mode when the
maximal value of sensitivity is noted at the moment of
wave emergence, further the local minimum is observed
and then S becomes almost dispersionless (fig. 4, b).

In general the nature of parameter S changes in
Me/AIN/Me structure is similar to changes of S in the
three-layered plate of Me/ZnO/Me.

Features of S sensitivity curves of Lamb and SH
waves in Me/ZnO/Me and Me/AIN/Me structures.
For both structures the characteristic feature is that only
So, A1 and S; modes of the Lamb elastic wave possess the
localized by maxima S values. Other modes — antisym-
metric fundamental A, with the lowest propagation veloc-
ity and the mode with shear-horizontal polarization of
SH,, SH;, SH, — have no apparent features of sensitivity
curves on the studied frequency range.

Metal layers thicknesses increase results in the dis-
placement of S sensitivity values maxima to the low-
frequency area. At the same time S curve peaks amplitude
and width with the increase in metal thickness for
Me/ZnO/Me plate depend on the type of metal and the
parameter /xf less than for Me/AIN/Me.
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When comparing various structures of crease of S sensitivity for the considered elastic wave
Me/Piezoelectric/Me type it is revealed that sensitivity = modes at d/a > 0.05, in particular when using Mo, can
values the Lamb elastic wave modes at d/A = 0.001; limit metals layers of the considerable thickness appli-
0.005; 0.01 differ insignificantly. The essential de- cation in sensor devices.

j— 2.2 —_ 2 2
3 78, 102 m%/kg 3 118, 102 m¥/kg

—_— dh=0.001 2
-------- d/h=0.005

------ d/h=0.01

——— d/h=0.05

dlh=0.1

hxf, 103 m/s hxf, 103 m/s hxf, 103 m/s
a b c

— — 3 2 12
3 =15, 102 m2/kg 3 718, 102 m2/kg S, 10 m?/kg

hxf, 103 m/s hixf, 10° m/s hxf, 103 m/s
d e f

Fig. 3. Dispersive dependence of the sensitivity for Sy, 4; 1.S; modes on the product Axf for the layered structure Me/ZnO/Me:
a—c — aluninium; d—f— molybdenum. Ratio of the metal layers and piezoelectric d/h: 0.001, 0.005; 0.01; 0.05; 0.1

Puc. 3. lucniepcHOHHBIC 3aBUCUMOCTH 1yBCTBUTEIBHOCTH MOJT So, A 1 .S] OT IpOU3BeACHUS AxXf
IUTSL CIIOUCTOM cTpyKTypbl Me/ZnO/Me:
a—6 — aMOMUHNIL; e—e — MonnOaeH. OTHOLIGHHE TOJIIIMH MeTallia U nbe3odnekrpuka d/h: 0,001, 0,005; 0,01; 0,05; 0,1

Table 1
MaxcumanbHble 3Ha4YeHUsl YyBCTBUTEILHOCTH S B cTpyKTYpe Me/ZnO/Me
The maximum sensitivity values of S in the Me/ZnO/Me structure
d/h Mode S A, M
Metal Al Mo Al Mo Al Mo
0.001 S, m’/kg 251 246 248 247 249 248
hxf, m/s 2500 2400 4700 4700 7000 7000
0.005 S, m*/kg 248 244 246 242 248 243
hxf, m/s 2500 2400 4700 4700 6700 7000
0.01 S, m’kgr 246 240 244 237 245 237
hxf, m/s 2400 2400 4700 4600 6900 6900
0.05 S, m*/kg 225 199 231 190 233 177
hxf, m/s 2400 2300 4400 4400 6700 6500
0.1 S, m*/kg 200 155 212 141 227 124
hxf, m/s 2300 2100 4300 4100 6500 6300
Mean value of Axf'in 2420 + 104 2320+ 162 4560 =114 4500 + 149 6760 + 114 6740 + 188
maximum S, m/s
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Fig. 4. Dispersive dependence of the sensitivity for Sy, 4; u.S; modes on the product /xf for the layered structure Me/AIN/Me:
a—c — aluninium; d—f— molybdenum. Ratio of the metal layers and piezoelectric d/h: 0.001, 0.005; 0.01; 0.05; 0.1

Puc. 4. [lucniepcroHHbIE 3aBUCHMOCTH 4yBCTBUTEIBHOCTH MO Sy, A 1 S| OT npou3BeaeHus ixf

JUIsL ctonucTor cTpykrypsl Me/AIN/Me:

a—6 — aTFOMUHHIA; e—e— MoJOieH. OTHOILICHHE TOJIIMH METallia U mbe3oanekrpuka d/h: 0,001, 0,005; 0,01; 0,05; 0,1

Table 2
MaxkcumaJibHble 3HAYeHHs1 BeJTUYUHBI S B cTpykType Me/AIN/Me
The maximum sensitivity values of .S in the Me/AIN/Me structure
d/h Mode S, A, M
Metal Al Mo Al Mo Al Mo
0.001 S, m*/kg 502 493 329 327 323 321
hxf, m/s 5200 5200 9600 9600 14000 13800
0.005 S, m*kgr 500 489 327 318 321 312
hxf, m/s 5200 5000 9600 9400 13800 13600
0.01 S, m*kgr 497 479 324 306 319 302
hxf, m/s 5200 5000 9400 9200 13800 13400
0.05 S, m’kg 476 349 313 229 364 264
hxf, m/s 5000 4600 9000 7600 12000 11800
0.1 S, m*/kg 432 239 349 178 714 193
hxf, msc 4800 4200 7600 7400 12400 11200
Mean value of 2xfin 5080 +222 4800 =497 9040 £ 1046 | 8640+ 1309 | 13200+ 1153 12760 + 1465
maximum S, m/s

wave phase velocity when metalizing, can increase
(fig. 2, fig. 3, a, d).

For Me/AIN/Me layered structure this effect is not ob-
served.

The feature of the elastic wave Sy mode propaga-
tion in Me/ZnO/Me layered structure is the emergence
of S parameter negative values when using both Al
and Mo metal layers, that is the value of the elastic
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Conclusion. The influence of mass loading in the
form of two metal layers (simulating the upper and lower
electrode) on S sensitivity of elastic wave dispersion
modes in piezoelectric layered structures Me/ZnO/Me and
Me/AIN/Me change according to the frequency and d/h
depends on the ratio of the metal layer acoustic imped-
ance and acoustic line material. It is noted that the maxi-
mal values of elastic wave modes sensitivity are reached
at the layered AI/AIN/AI system configuration, that is in
the system with low values of acoustic impedances of a
bulk longitudinal wave for layers and piezoelectric acous-
tic line materials. It is revealed that the maximal values of
S sensitivity in all structures are observed in cases when a
metal layer thickness is 2/3, 1, 3/2 of the corresponding
Lamb elastic wave length. The results received during
computer simulation can be useful when developing
acoustic electronic devices on the Lamb waves and the
SH-waves.
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