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1. Half-Space/Guiding Layer

A piezoelectric ZnO layer of thickness hg overlays a glass isotropic half-space, as shown in
Figure S1. The space above the layer is occupied by air or vacuum which is assumed to have no
mechanical contact with the layer.

X

Figure S1: The half-space/guiding layer system.

The ZnO layer has its c-axis 30° tilted with respect to the surface normal. The ZnO stiffness
constants cos, piezoelectric constants eap, and dielectric constants £,3 were rotated by applying the
Bond matrix method described in [1]. The coordinate system used through the paper is the
following: the x2 axis is parallel to the surface normal, the xs as axis is parallel to the wave
polarization vector, and the x1 axis is parallel to the wave propagation direction. In the quasi-static
approximation, the matrix notation for the piezoelectric constitutive equations of the c-axis 30° tilted
ZnQ is the following:

Ty €11 €z €3 Cp O 0 0 —€31 —€31 S1
T, Ciz €22 Ca3 Cu O 0 0 —€31 —€31 S,
Ts C13 €23 C33 C3q O 0 0 —€31 —€31 S3
T, Cia C24 C34 Caq O 0 0 —€31 —€31 Sa
Ts [=] 0 0 0 0 cs5 c56 —e3 O 0 || (S1)
Te 0 0 0 0 cg6 Cog —631 0 0 Se
D, 0 0 0 0 es e €11 0 0 E;
D, €1 €32 €3 € 0 0 0 €22 €23 E,
D3 €31 €3 €33 ez 0 0 0 €23 €33 E;

The wave under consideration is assumed to travel in the xi-direction along a surface whose
normal is in the x2 direction, and to be polarized parallel to the xs direction. The only non null
particle displacement component is Us, and both Us and the electric potential @ are independent of
the xs coordinate: since travelling wave solutions are in the form Us = Us(x, X2, t) and ® = ®(xy, Xz, t),
then the Equation (S1) can be rewritten as
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T, €11 €2 €3 €14 O 0 0 —€31 —€3 0
T, Ci12 €22 Ca3 Cp O 0 0 —€31 —€3 0
T; €13 €23 C33 C3q O 0 0 —e€3; —e3 0
T, Cia €24 C34 Cap 0 0 0 —e3; —e3 0
Ts |=1] O 0 0 0 55 €56 —631 0 0 || Ss (52)
Te 0 0 0 0 56 Co6 —€31 0 0 Se
D, 0 0 0 0 es e €11 0 0 E,
D, €1 €32 €3 €y 0 0 0 €22 €23 E,
D3 €31 €3 €33 ez 0 0 0 €23 €33 0

The equations of motion for the piezoelectric finite thickness layer and for the isotropic
half-space are:

62u3 _ aTi3
Pol e =%

Xi
oy ,0<x2<-h (S3)
axi -
azusub 92 92
pown 5 = cit? (7 + 5w
1 2
02 a2 ,x2>0 (S4)
sub (9 , 9 —
£t (6x% + 6x§) ¢=0
92 02 (D’
(m + @) =0, x; <0 (S5)

The assumed solutions to the propagation equations in the substrate (sub), guiding layer (gl)
and in the region above the free surface of the guiding layer are the following:

ug = [Ae_qu] . ej(kJC1—wt)
®,,, = Be Wzeiln-wt) (S6)
ud' = [C, - eJkPr2 4 C, - e IkPr2] . @l (krim0t)
le =[C; - eJkPx2 4 C4e—jkﬂx2] . eJ(kx1—wt) ] (57)
Dyir = gl(xz = O)ek(x2+hgl)] (88)

where Ci, C2, C3, C4, A and B are arbitrary constants, k=m/v is the wave-number (it is real since the
ZnO and glass are lossless materials), v is the Love mode velocity (whose value is in between the
shear horizontal bulk acoustic wave velocity in the layer and in the substrate, v§4? and vsglj, 0=27f,
f=v/A, qand B account the variation in depth of the wave amplitude. By substituting Equations (S6-58)
into Equations (S3-55), two system of equations for the displacement and the potential are
obtained, that involve the layer and substrate material parameters. An algebraic equation in  and
one in q are obtained by solving the secular equations for the layer and for the substrate. From the
two algebraic equations, only q and B values are retained that correspond to a wave displacement
that decay to zero with depth below the x2 = 0 plane, and that varies sinusoidally into the layer. By
substituting the Equations (S6-S8) into the boundary and continuity conditions, a set of
homogeneous equations for the Ci, Cz, C3, C4, A and B coefficients are obtained with v as the
unknown. By setting the determinant of the coefficients equal to zero, real values of v are found for
fixed layer thickness and wavelength A. An optimized numerical procedure was used to find a real

velocity value that drives the size of the determinant of the coefficients as close to zero as possible.

2. Half-Space/Guiding Layer/Liquid

The guiding layer, as well as the half-space, is assumed to be isotropic with the constant cs
numerically equal to the stiffened value calculated in the previous paragraph. A viscous non
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conductive liquid half-space contacts the upper surface of the layer, as shown in Figure S2: pi and n
are the liquid mass density and viscosity.

Figure S2. The half-space/guiding layer/viscous liquid system.

The equations of motion for the three media are the following:

o%ugt? sub ( 02 02 ) sub

——=c —+—=)u x2>0 S9
Psub 52 4 5z + axz)Us (89)

2uf' _ gi(92 | 9%\ g
pgl? = Cyy (W-l_ﬁ) Uz ,0<X2<—hgl (510)
1 2
dvs _ n (02 92
E_E(m-l-@) V3, x2 < —hg (Sll)

The assumed solutions to the Equations (59-S11) are the following:

us = [US,, - e~ 2] - eJlkx1-wt) (512)
ufl = [U;l -sin(bx,) + U;lcos(bxz)] - eJ(kx1—wt) (513)
uéiquid _ [Ulliq . e’ll"z] . gJlkx1-wt) (S14)

where k=ko+j-a, q* =k*—kZ, b* =k} —k*, k= w/VsSHBAW' koo =%/ g+ VSupaw =

SHBAW

s gl
/644/ Dy’ VI aw = Caa pg and A3 =k*—jw(p, / n). The particle displacement and the traction

components of the stress must be continuous across the x2= 0 and x2= —hg interfaces. When the
Equations (S12-S14) are substituted into the boundary conditions, a set of four homogeneous
algebraic equations are obtained in the four coefficients Ug,, , Uy, , Uy, , and Ujj, : a non trivial
solution of this equations system exists if the determinant of the coefficients vanishes. The

determinant is:
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e~Mhgl —jw-sin(bhy)  jw-cos(bhg)
0 n-Ae~Mhat —cdb - cos(bhg) —cfyb - sin(bhg)| _ (S15)
1 0 0 -1
~q-cEt 0 —cfy-b 0

From Equation (S15) the wave dispersion equation is obtained: the system of two equations, the real
and imaginary parts of the dispersion equation, were numerically solved by using the
Levenberg-Marquardt-Fletcher method implemented within a Matlab routine, and the real and

imaginary parts of the Love wave velocity were then calculated, v'™ and v"¢%.

3. Half-Space/Guiding Layer/Mass Layer/Liquid

An added mass layer (am) of thickness ham is supposed to cover the guiding layer surface as
shown in Figure S3. The guiding layer, the mass layer and the half-space are assumed to be isotropic.

— . R,

Viscous liquid

X5

Figure S3. The half-space/guiding layer/mass layer/viscous liquid system.

The equations of motion for the four media are the following:

poun T = it (L + 2 ) g, x>0 (516)

Pat ";’t‘z =7 ( 2 —) U8, 0 < xe <~hg (S17)
Pam 8" = cg (% + i) U™, gt <x2 < —ham (S18)
aai; = (:;1 + o ) vy, for x2 <-H (519)

The assumed solutions to the Equations (516-519) are the following:

ysubstrate — [0 . p=a%z] . eJUkx1-wt) (520)
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ufl = [Ug; - cos(bxy) + Uz, - sin(bx,)] - e/ k¥t (521)
ug™ = [Ugp, - cos(pxz) + Uzy, - sin(pxy)] - e/xai=et (822)
uéiquid — [Ulliq . ehxz] . eJ(kx1-wt) (523)

The particle displacement and the traction components of stress must be continuous across the
substrate/guiding layer, guiding layer/mass layer, and mass layer/liquid interfaces. When the
Equation (520-523) are substituted into the boundary and continuity conditions, a set of six
homogeneous algebraic equations are obtained in the six coefficients Ug,,, Uz, UZ, Ugm, Uy, and
Uliy: a non trivial solution of this equations system exists if the determinant of the coefficients

vanishes. The determinant is:

1 -1 0 0 0 0
—qesub 0 ~bcd, 0 0 0
0 cos(bhgy;) —sin(bhy;) —cos(phy;) sin(phg;) 0
0 cybsin(bhy) clibcos(bhy) —ciipsin(phy) —ciipcos(phy) 0 =0 (524
0 0 0 —jwcos(pH) jwsin(pH) —e MH
0 0 0 cPlpsin(pH) cPMpcos(pH)  —nAe Mt
where ¢® =k?— ki, b* =kj —k? p?=kin—k? A =k*—jolp /M), kam=®/jaem , and
Vsupaw

H = hg + ham From Equation (524) the wave dispersion equation is obtained: the system of two
equations, the real and imaginary parts of the dispersion equation, were numerically solved by
using the Levenberg-Marquardt-Fletcher method implemented within a Matlab routine, and the real

and imaginary parts of the Love wave velocity were then calculated, v'™ and v"®.
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