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The research paper presents an analysis of the influence of mass loading represented by two metal layers

(the upper and lower electrodes) on variations in the phase velocity of the elastic wave dispersion modes

in the piezoelectric layered structure "Me/ZnO/Me/diamond” depending on the frequency and the ratio

of the metal layer thickness to the piezoelectric crystalline layer thickness. Aluminum (Al), molybdenum

(Mo) and platinum (Pt) are considered as the metal layer materials. It is demonstrated that variation

in the elastic wave phase velocity depends on the acoustic impedance of metal layer and its thickness.
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Introduction

Acoustoelectronic devices have finite dimensions and taking into account an elastic wave
reflection and refraction from the crystalline plate boundary or two piezoelectric media interface
is a topical issue [1]. A more complicated situation develops in multilayered structures, where it
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is also necessary to take into account the interlayer interface, that is, the boundary between two
crystalline layers. In this case both, transformation of the elastic vibration type and a surface
wave excitation are possible when the bulk wave is reflected from the interlayer interface [2]. At
present, a lot of experimental and theoretical studies of various acoustoelectronic devices mass
sensitivity have been developed on the basis of multilayered piezoelectric structures operating on
transverse and longitudinal thickness modes of elastic vibrations [2,3|. In particular, there are
studies in which shear vibrations of resonators created on the basis of similar structures were used
to create biosensors [4,5]. In the sensors based on the resonator with the layered piezoelectric
structure, the electrodes thickness is often comparable to the piezoelectric film thickness and,
therefore, they cannot be neglected. All the more so that the layers, for example, gold Au or
platinum Pt electrodes, which are most often used as a suitable surface for various biochemical
applications, have significant values of acoustic impedance [6]. However, studies of mass loading
influence in the layered structure do not yet give an answer to the question of the main causes
for phase velocity values variations in an elastic wave. Thus, taking into account the influence
of the metal layers thickness on dispersion characteristics of an elastic wave in the multilayered
piezoelectric structure is of key importance for the design optimization and increasing sensors
sensitivity in similar structures [7,8].

The influence of mass loading in the form of metal layers above the piezoelectric layer on the
dispersion characteristics of Rayleigh and Love elastic wave modes in piezoelectric layered struc-
tures "zinc oxide/diamond" ("ZnO/diamond") is theoretically studied in the present research
paper. These materials have a set of important properties, such as large values of electromechan-
ical coupling coefficient ZnO and significant values of the volume and surface phase velocities of
an acoustic wave in diamond, which are widely used in various acoustoelectronic devices devel-
opment. Aluminum (Al), molybdenum (Mo) and platinum (Pt) in the form of a sputtered thin
film, that are metals that are most often used as electrodes, are considered as the metal layers
material [9,10].

1. Theoretic basis for elastic waves propagation
in a layered piezoelectric medium

Elastic waves of small amplitude propagate in a piezoelectric crystal unperturbed by external
influences. The equation of motion, the equation of electrostatics, and the equations of state of
the piezoelectric medium have the form of [11]

poUa = TaB.B, Dy =0, (1)
TaB = cHpopnep — emasEu, Dy =€l yEN +emaBnas,
where pg is crystal density in undeformed state; U dynamic elastic displacements vector; 74p
thermodynamic stresses tensor; Dy, electrical induction vector; nop small deformations tensor;
ck Beps EMAB, Exyx elastic, piezoelectric and dielectric constants of the second order. For
elastic displacements and electric potential in the form of plane monochromatic waves of small
amplitude, the system of equations is written in the form of the well-known Green-Christoffel
equation, which must be solved for each layered structure medium used [12].
The considered conditions for an elastic wave propagation in the layered piezostructure in
a working orthogonal system of axis, in which X3 axis is directed along the outer normal to
the layer surface and X axis coincides with the direction of wave propagation, must satisfy the
corresponding boundary conditions. The boundary conditions, in particular, for the four-layered
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structure “metal /piezoelectric/metal /dielectric substrate” (Fig. 1,a) are: the normal components
of stress tensor at the metal/vacuum interface are equal to zero; equality of the normal compo-
nents of a stress tensor at the metal/piezoelectric interface, the equality of displacement vectors
and zero wave potential [13]:

(1)

T3; » =0,
(1) 137(5) (2) 7(1) 7(2)
T3 T T3 z3=h P - 0|x3=h ’ v =v r3=h (2)
@ _ () 2 —o 7@ = g®
73 73j wady ¥ |x3:d2 ’ ea=ds
3 4 = 2
Téj) = T?Ej) o’ Ut =u® 0
T3 xrs3

Here dy, do and h are the thicknesses value of the upper and lower metal layer and piezoelectric
layer thickness. In the present paper, it is assumed that d; = d, i.e. metal layers thicknesses
are equal. The equality of the boundary conditions determinant matrix (2), which size in this
case is 24x24 to zero, makes it possible to determine elastic wave characteristics.

Substituting elastic wave equations in the form of linear combinations of partial waves into
the boundary conditions:

U, = Z C’nagn) exp [2 (klml + k‘én)xg — wt)] ,
" (3)
o= Z C4afln) exp [z (klml + ké”)xg — wt)] ,

where the superscript n corresponds to the number of partial waves in the corresponding crys-
talline layer. Boundary conditions variations (2) determine all the types of elastic waves prop-
agating in the layered structure. For instance, the first equation in (2) determines the surface
Rayleigh wave propagation. The first and last equations describe the elastic wave propagation in
a piezoelectric plate. For the considered layered structure Me/ZnO/Me/diamond, the system of
boundary condition equations (2) is divided into two independent systems. This is the system of
8x8 equations for SH-modes (Love waves) of an elastic wave and the system of 16x16 equations
for Rayleigh modes, which, when used in the layered structure of isotropic metals, the piezoelec-
tric of symmetry group 6mm and a dielectric substrate of the cubic crystal will be written as:

Cﬁ”@nklaﬁ”) + C’lgk‘én)ag")) exp -ik;é”)dl} =0,
Cﬁl)(klagn) + kén)agn)) exp {ikg")dl} =0,

C’fll)(klozg") + kg")agn)) exp {zké")h —

—c® [Cﬁ)(ké”)agn) +kral) + e15k‘1a§”)} exp {zkén)h} =0,

CO(Crikral™ + Crak{M o) exp _ikén)h} -
_ 07(12) [C’é? kén)ag") + Cigp)klaén) + 633k§n)az(1n)} exp [ikén)h_ =0,
C2 [CR V" + kiaf") + erskial” | exp [k dz | -
= OO (el + KVal)exp [k ] =0, (1)

O [CRK af? + O knalf) + ek af?] xp [ -

- 07(13)(011161&5”) + Cleén)a:(sn)) exp [ikén)dQ =0,
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C,(,%)az(-m) exp [z’kém)h] - C,(f)az(»n) exp [ikg")h} =0,

C,Sf)ocgm) exp [ikém)dg} — @M exp [ikén)dg] =0,

n 3
07(L3)(k1aé”) + ké”)a§")) - 07(14) {kén)agn) + k‘laén)} =0,
O (Crakral” + Ciak§al”) = O [C{PR ol + Oy kad™)] = 0,
CBal™ — cWalm <.
Digital superscripts 1-4 denote layers and a substrate, in accordance with equation (2), k is

a wave vector. To calculate the Love waves characteristics in a given structure, the boundary
conditions will have the fo

CSVRSM ) exp ik | = 0,

OO K ol exp [iKH] - OP Aol exp [ih] =0,

CRODH o exp [ — O Dol e k] =0,

Cg)aém) exp [ikém)h} — Cy(f)ag") exp [ik‘én)h} =0, (5)
Cr(,g’)aém) exp {ikém)dg] — 07(12)0(;71) exp [ikén)dg} =0,

O Ol — IR ol =0,

o al™ —cfPalM = 0.

2. Analysis of mass loading influence in a layered
structure

Determination of the multilayered resonator mass sensitivity (S) is mainly used from the
energy balance condition as a frequency change, i.e. as a displacement in the relative frequency
of the resonator normalized to the surface mass density [14,15]

s=(55) Juea=(52) [ uea, (6)

where v and f are phase velocity and an elastic wave frequency. However, the disadvantage of the
equation (6) is that at large values of f frequencies the changes of phase velocity are smoothed
in case of increase in the metal layer thickness. Therefore, in the present paper to determine an
elastic wave mass sensitivity, the following formula was used:
S, = BV _ VT tmt, (7)
v v
where v,,,; is phase velocity of an elastic wave upon application of a thin metal layer that does not
deviate the mechanical boundary conditions. Note that as shown by the computer experiment,
this condition is fulfilled at a layer thickness of less than 1 nm. Condition (7), as well, levels the
piezoelectric effect influence and, therefore, S, parameter will be independent of the choice of
the piezoelectric layer type.
Fig. 1 shows dispersion dependences of phase velocities for the fundamental and first modes
of Rayleigh and Love waves on h x f value (ZnO thicknessxfrequency) for the layered structure
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“Me/Zn0O /Me/diamond” with the orientation [100] (001) of both the layer and the substrate. Al,
Mo and Pt that have different acoustic impedance values Z = pv, which also make it possible
to clarify how the layers with the high and low acoustic impedance of a layer influence phase
velocity variations of an elastic wave, respectively, were used as metal layers (Me). The acoustic
impedances of the layers used correspond as Za) < Zz7,0 < Zdiamond < ZMo < Zpt¢. The material
constants values of the materials used for aluminum and molybdenum (Al, Mo) are taken in [10],
ZnO in [16] and diamond in [17].The isotropic elastic moduli for the polycrystalline platinum
were calculated from the experimental values of the elastic constants [18] in accordance with K.S.
Aleksandrov’s method [19]:
3K = Ay,

8
2G = (AaA3AgAshg) /2, ®

where K and G are the bulk moduli of compression and displacement, A; is the maximum
of nondegenerate eigenvalues of the elastic constants symmetrized matrix (3K = Cq1 + 2C2,
2G = C1;1 — C132) for isotropic media [20)].

15 =7 v, 103 m/s

SS Sub

A X3 Vacuum
o /Mletal
GEBEEE e 1
J () Substrate -
0 25 5 0 2.5 5
hxf, 103 m/s hxf, 103 m/s
a b c

Fig. 1. Dispersion dependences of phase velocities on h X f product for the layered structure
"Me/ZnO/Me/diamond": a — the layered structure scheme, b — Ry and R; modes, ¢ — SH-
wave Ly and L; modes. The solid lines represent the modes velocities for infinitely thin metal
layers, the dashed lines represent the velocities for the metal layers thickness d/h = 0.1

The solid line in Fig. 1 denotes phase velocities for Rayleigh modes of an elastic wave and
the modes (SH-modes) of Love wave when the piezoelectric layer is metallized by infinitely thin
metal layers that do not violate mechanical boundary conditions. The range of change in phase
velocities for the elastic wave modes varies from the value of phase velocity for the diamond
shear wave to SAW phase velocity in ZnO (v = 2730 m/s) for Rayleigh modes, i.e. amplitude
displacement of an elastic wave occurs mainly in the piezoelectric layer. The range of variations
in phase velocities for SH-modes of an elastic wave also varies from the value of phase velocity
for diamond shear wave to phase velocity of a transversely polarized bulk shear wave in ZnO
(v =4176.2 m/s).

Calculation of change in the phase velocity modes of an elastic wave was made at the relative
ratio of the metal layers thicknesses to the piezoelectric thickness when d/h = 10~%; 5-107%; 1073;
5-73:0.005; 0.01; 0.05; 0.1. The dashed lines in Fig. 1 denote phase velocities of an elastic wave at
a relative ratio of the metal layer thickness to the piezoelectric layer d/h = 0.1. In absolute values,
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the phase velocities values can be represented when piezoelectric layers thickness is A = 10 um
and metal layers thickness is d = 1 pm in the layered structure “Me/Zn0O/Me/diamond” with a
frequency change from 1 MHz to 1 GHz. The use of metal layers in the layered structure can
significantly influence on redistribution of the elastic energy of a wave both as a consequence
of the layers acoustic properties and also from the complex interference between the modes of
elastic wave that fall and are reflected from the interface between the layers in the structure. In
the “Pt/Zn0O /Pt /diamond” structure, for instance, as h x f value increases, the phase velocities
of Rayleigh modes of an elastic wave tend to the value of SAW phase velocity in Pt metal layer.
However, phase velocities for SH-modes (Love waves) of an elastic wave in the similar case tend
to the value of phase velocity of a bulk shear wave in Pt metal. A similar situation occurs when
used in a multilayered structure with other metals.

0.4 — 0 04 — 0 0
0.3 — —  ah=0001 03 — 0.4 —
— d/h=0.005
s /= 0.01
02 — —— dam=005s 02
— d/h=0.1
0.1 — 0.1 — 02 —
0 0 k
| 1 | | 1 10 T T |
0 3 6 9 0 3 6 9 0 3 6 9
hxf, 103 m/s hxf, 103 m/s hxf, 103 m/s
a b c

0.2 —

o
0 _A__‘&‘__‘ ’°

0 3

0.1 —

03 5, 03 7S, 05 =, S,
3 9

0

6 6
hxf, 103 m/s hxf, 103 m/s

d e f

Fig. 2. Dispersion dependence of Ry and R; modes phase velocities on h x f product for the
layered structure "Me/AIN/Me /diamond": a, d — aluminum, b, e — molybdenum, ¢, f — gold.
Metal thicknesses d/h: 10~3; 0.005; 0.01; 0.05; 0.1

In Fig. 2 the graphs of relative variations in S,, phase velocities of the fundamental mode Ry
and Sezawa wave (R; mode), depending on the type of metal layer, d/h ratio and hX f parameter
are represented. The maximum values of S,, parameter are attained at a value of hx f = 1210 m/s
when all types of metal layers are used, which is determined by the interaction (hybridization)
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between the fundamental R, and the first Ry Rayleigh modes of an elastic wave [21]. However,
S, parameter values when using Al or Mo layer are practically identical S, = 0.41, but for the
structure "Pt/Zn0O/Pt/diamond" when hxf= 1210m/s and d/h ratio = 0.1, S, parameter = 0.58.
It should be noted that a condition for the "resonant" reflection of the fundamental mode Ry
of an elastic wave from the layered structure interface at A\/4 (A is the acoustic wave length)
also contributes to the variation in .S, phase velocity of an elastic wave, which leads to the
local maxima appearance in S, values (Fig. 2). There are no similar changes in the values of
S, parameter for the first mode of elastic wave R;. The maximum values of S, parameter for
Sezawa wave (mode R;) in the interaction region of the acoustic wave modes when using Al or
Mo metal layers are also almost identical S, = 0.28, but for the structure Pt/ZnO/Pt/diamond”
when h x f = 1110 m/s and the ratio of d/h = 0.1 S, parameter = 0.48. The maximum in S,
parameter values for the first mode R; is also achieved in the neighborhood of the values h x f
= 3400 m/s, where the condition h = ) is satisfied, i.e. an elastic wave length is equal to a
piezoelectric layer thickness (Fig. 2). An increase in the metal layers thickness leads to a slight
displacement of the maximum values of S, parameter in the direction of decrease in h x f value.

The main feature of propagation for the fundamental Rayleigh mode of an elastic wave in the
layered structure "Me/ZnO/Me/diamond" is appearance of negative values of S,, parameter when
using metal layers Al or Mo, i.e. the value of an elastic wave phase velocity starts increasing when
the metal layer is applied (Fig. 2). For the layered structure "Al/ZnO/Al/diamond" , this effect
is observed for all the metal layer thicknesses under consideration, but is in direct dependence
on both the layer thickness and frequency (h x f). For example, when d/h ratio = 0.01, negative
values of S, parameter appear when h x f > 3700 m/s, but when d/h ratio = 0.1 from h x f >
2600 m/s. A different situation arises in the layered structure "Mo/ZnO/Mo/diamond". A
slight increase in the phase velocity for the Rayleigh mode of an elastic wave occurs for "thin"
metal layers (d/h < 0.1) and the absolute values of S, parameter = 10~* — 1079, i.e., the
relative change in phase velocity is less than 1 m/s. However, with the metal layer thickness
d/h = 0.1 and h x f value = 6150 m/s, Mo layer thickness becomes equal to a quarter of an
elastic wave length (d = \/4), which leads to resonant reflection and an increase in S, parameter
in the negative range of values (Fig. 2,b). It should be noted that in the layered structure
"Pt/ZnO/Pt/diamond" there are no negative values of S, parameter due to the high value of
elastic wave acoustic impedance.

Fig. 3 shows graphs of the relative change in S, phase velocities of the fundamental mode
(SHy) and the first mode (SH;) of Love wave, depending on the type of metal layer and the
ratio of d/h and h x f parameter.

The maximum values of S, parameter for SHy mode are reached at h x f value = 710
m/s when all types of metal layers are used. When using Al or Mo layer, the values of S,
parameter = 0.24 and S, = 0.26, respectively. But for the structure "Pt/ZnO/Pt/diamond"
S, parameter = 0.45 and d/h ratio = 0.1. It should be noted that increase in the metal layer
thickness leads to the signal frequency displacement when the maximum values of S, parameter
are reached. This increase in S, values is particularly significant for the metals with a high
acoustic impedance value for the fundamental mode SHy of an elastic wave. However, the
numerical 5, values differ significantly depending on the type of metal. For instance, in the
structure "Al/ZnO/Al/diamond" S, = 0.11, but in the structure "Pt/ZnO/Pt/diamond" S, =
0.55 when h x f = 8500 m/s.

The maximum values of S, parameter for SH; mode of elastic Love wave are attained when
hx f = 2100 m/s, where the condition of h = A/4 is satisfied, i.e. the piezoelectric layer thickness
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Fig. 3. Dispersion dependence of SHj and SH; mode phase velocities variation on h X f product
for the layered structure "Me/AIN/Me/diamond": a, d — aluminum, b, e — molybdenum, c, {
— gold. Metal thicknesses d/h: 10~3; 0.005; 0.01; 0.05; 0.1

is equal to a quarter of an elastic wave length (Fig. 3). However, unlike the fundamental SHy
mode, for the first SH; mode of Love wave with an increase of h x f the values of S, parameter
decrease with the use of Al or Mo metal layers. For the structure "Pt/ZnO/Pt/diamond" with
a ratio of d/h > 0.05, the values of the S, parameter increase sharply.

When creating acoustoelectronic devices it is desirable to represent the nature of elastic wave
characteristics dependence on the additional layers properties. Fig. 4 shows the dependence of
S, parameter on d/h value for the fundamental and the first modes of an elastic wave. For
the fundamental Rayleigh mode Ry of an elastic wave when using aluminum and molybdenum,
the sensitivity dependence of S, on d/h is linear S, = 0.84 - d/h, S, = 0.9 - d/h, respectively.
However, when the platinum layer is used, a clearly quadratic dependence is observed: S, =
—11-(d/h)? + 3.9 - d/h. For Sezawa wave, Ry mode of an elastic wave, a similar situation is
observed; i.e. also the quadratic dependence of S, parameter on d/h when using the platinum
layer is S, = —25.4 - (d/h)? + 5.6 - d/h and linear dependence with the use of other metals
(Fig. 4). It should be noted that similar dependence can be traced on the entire frequency
range considered. However, in the negative values region of S, parameter for the structure

- 213 —



Sergey I. Burkov, Olga P. Zolotova ... Metal Layer Thickness Influence on the Dispersion. ..

"Al/Zn0O/Al/diamond" the linear dependence S, = —0.42-d/h is retained, but for the structure
"Mo/ZnO/Mo/diamond" it is the clear quadratic dependence S, = —13.9 - (d/h)? + 1.2 - d/h,
when h x f = 8300 m/s. In the case of elastic Love waves (SH-wave), a linear dependence is
observed only for the structure "Al/ZnO/Al/diamond". For example, for the fundamental SH
mode and the first mode SH; of Love wave, the dependence of S, on d/h value is approximated
by the expression S, = 2.2-d/h, S, = 0.94-d/h, respectively. However, already for the structure
"Mo/ZnO/Mo/diamond" a quadratic dependence S, = —9.3 - (d/h)? + 3.2 - d/h is observed for
the fundamental mode SHy when hx f =710 m/s and S, = —6.4-(d/h)?+1.6-d/h for SH; mode
when h x f = 3410 m/s. When using metal layers of platinum, a clearly quadratic dependence
presents (Fig. 4). It should be noted that similar dependences of S, parameter are traced on
the entire frequency range considered. Thus, in the multilayer structure “Me/Zn0O/Me/diamond”,
the dependence of S, sensitivity is directly dependent on the value of the metal layer acoustic

impedance.
030 S —=— R Al .- ®
ceeiesns R Mo e ‘/*
.. -

0

0.25 - RO Pt Phd ”~
1
1

0.00 0.05 0.10

dlh d/h
a b

Fig. 4. Graphs of S, relationship dependence on the metal thickness, a — Ry mode when h x f
= 710 m/s, Ry mode when h x f = 3410 m/s; b — SHy mode when h x f = 710 m/s, SH; mode
when hxf = 3410 m/s

It is important to understand how the upper or lower metal layer affects the phase veloc-
ity variations in the piezoelectric structure of "Me/ZnO/Me/diamond" type. For the case of
a geometrically asymmetric multilayered structure, when the metal layers thicknesses are dif-
ferent, or the types of electrode materials are different, the values of S, parameter will be
different. Fig. 5 shows the dispersion dependences for the fundamental Rayleigh mode Ry of an
elastic wave in the structures "Me/ZnO/diamond" and "ZnO/Me/diamond". In the structure
"Me/ZnO/diamond" , the character of S, sensitivity behavior for various metals is qualitatively
similar to the structure of "Me/ZnO/Me/diamond" , it differs mainly numerically. In particular,
when h x f value = 1210 m/s and d/h = 0.1, S, parameter = 0.14 for Al and S, = 0.34 and
Sy, = 0.53 for Mo and Pt respectively. The character of S, parameter behavior in the structure
"ZnO/Me/diamond" differs significantly. First, when using metals Mo and Pt, S, sensitivity
values are much less: S, = 0.12 and S, = 0.2 respectively, for the same values h x f values
= 1210 m/s and d/h = 0.1. However, when using Al, the situation is opposite, S, sensitivity
values increase S, = 0.4 (Fig. 5). Also, for h x f values > 5000 m/s, S, parameter values are
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less than 10~ for all the types of metal layers considered, i.e. the lower metal layer thickness
has practically no effect on the phase velocity change in the structure "ZnO/Me/diamond".

T M e
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——  dlh=001 0.2 —
0.05 — ——— =005
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Fig. 5. Dispersion dependences of Ry mode phase velocity variation on h X f product for the
layered structure "Me/ZnO/diamond" (a-c) and "ZnO/Me/diamond" (d-f): a, d — aluminum, b,
e — molybdenum, c, f — gold. Metal thicknesses d/h: 10~3; 0.005; 0.01; 0.05; 0.1

Fig. 6 shows dispersion dependences of the fundamental mode S H( of Love wave in the struc-
tures "Me/ZnO/diamond" and "ZnO/Me/diamond". In the structure "Me/ZnO/diamond" ,
S, parameter behavior for different metals is also qualitatively similar to the structure
"Me/ZnO/Me/diamond". However, especially for the structure "Al/ZnO/diamond", the nu-
merical values of S, parameter differ significantly. In particular, when h x f value = 710 m/s
and d/h = 0.1, the values of S, parameter = 0.08, but when using Mo metal layer S,, = 0.21. In
the structure "ZnO/Me/diamond" , the character of S, parameter dispersion behavior for SH,
mode differs. If when Al metal layers are used at h x f value = 710 m/s and d/h =0.1, S,
parameter = 0.18 for Al, but S, = 0.06 and S, = 0.12 for Mo and Pt respectively.

Thus, at high values of the metal layer acoustic impedance, the maximum sensitivity values
are achieved in case of the upper metal layer presence, i.e. in the structure "Me/Zn0O/diamond" ,
but at low acoustic impedance values in the structure "ZnO/Me/diamond".
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Fig. 6. Dispersion dependence of Ly mode phase velocity variation on h x f product for the
layered structure "Me/ZnO/diamond" (a-c) and "ZnO/Me/diamond" (d-f): a, d — aluminum, b,
e — molybdenum, c, f — gold. Metal thicknesses d/h: 10~3; 0.005; 0.01; 0.05; 0.1

Conclusion

Influence of mass loading in the form of two metal layers (upper and lower electrodes) on
Aw/v phase velocity variations of the elastic wave dispersion modes in the piezoelectric layered
structure Me/ZnO /Me/diamond is highly correlated to the metal layer acoustic impedance. Note
that the maximum values of the phase velocity variations of Av/v elastic wave modes are reached
with "Pt/ZnO/Pt/diamond" layer system configuration. The maximum values of Av/v are also
reached if the metal layer thickness multiple of a quarter of an elastic wave length. It should
be noted that at low values of the metal layer acoustic impedance, more significant variations in
Awv/v occur due to a change in the lower electrode thickness. However, if the metal layer acoustic
impedance is comparable with the substrate acoustic impedance, the increase in Av/v values, in
this case, is mostly determined by the upper metal layer thickness.

The results obtained can be useful in the development of the controlled acoustoelectronic
devices based on Rayleigh and Love waves.

This work was supported by the Ministry of Education and Science of the Russian Federa-
tion (project ID RFMEFI59317X0007; the agreement no. 14.593.21.0007); the work was done
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BiusiHue TOIIIUHBI METAJJIMYECKOTO CJIOSl HA IUCIIEPCUOHHBIE
XapaKTePUCTUKN aKyCTUIECKUX BOJH B CJIOHUCTON CTPYKType
"Me/ZnO/Me/anma3z"

Cepreii 1. Bypkos

WucturyT nixkeHepHO GU3NKH U PATUOIIEKTPOHUKHI

Cubupckuii dejilepalibHbIil YHUBEPCUTET

Csobonmsrii, 79, Kpacuosipck, 660041, Poccus

Ouapra II. 3osoroBa

CubupckKuil ToCyIJapCTBEHHbBIN YHUBEPCUTET HAYKU U TexHOJorui umenu ak. M. @. Pemeruéna
Kpacnosipcknit pabounit, 31, Kpacnosipck, 660037, Poccus

IlaBes II. Typuun, Baagumup U. Typuun
NMucruryT nHKeHepHON DU3NKA U PaH03IEKTPOHUKI
Cubupckuii dheepasbHblii YHUBEPCUTET

Csobonmsrit, 79, Kpacuosipck, 660041, Poccus
Bopwuc II. Copoknn

Texnonornyecknii HHCTUTYT CBEPXTBEP/IIX U HOBBIX yIJIEPOJHBIX MATEPHAJIOB
Ilenrpanbnas, 7a, Mocksa, Tponrnk, 142190, Poccus

B nacmoswetl pabome 6vi4 8BINOAHEH AHAAUS BAUAHUA MACCOBOT HA2PY3KU 68 6ude J6YT MEMANAUMECKUT
cnoes (6eprHutll u HUAMCHUT 2AeKmpodbt) Ha usmerenue Gasdosol ckopocmu OUCTEPCUOHHBIL MO0 YNpy-
200 80AMDL 8 Mve3oanexkmpuyeckol caoucmol cmpyxmype "Me/Zn0O/Me/aimas” 6 sasucumocmu om
YACTNOMbL U OMHOWEHUA MOAUUN MEMAALUHECKO20 CAOA K MONUUHE CAOA NDEZOIACKMPUNECK020 KPU-
cmaana. B Kavecmee mMamepuasa MEMANIUYECKOZ0 CAOA paccmompenst anomurutt (Al), moaubder (Mo)
u naamuna (Pt). Ipodemoncmpuposaro, wmo usmenernue $asdosol ckopocmu ynpyaol 0AHb 3a6UCUM
OM AKYCMUNECKO20 UMNEOGHCA MEMANIUUECKO20 CAOA U €20 MONULUHDL.

Karoueswvie caosa: NBE3VINEKMPUHECKAA CAOUCAA CMPYKMYDPQA, BOAHG PS./LG.E, B6O0NHA ﬂ.ﬂ@a, MaAccoeas
Hazpy3Ka.
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