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Table

Table S1. Static contact angle, advancing contact angle, receding contact angle and contact angle

hysteresis of the droplet (1 uL) on different surfaces.

Surface type s Oadv Orec A0 = Oadv— Orec
ZnO/Al 98.6°+1° 102.5°+3° 77.4%+7° 25.1°+10°
CYTOP/ZnO/Al  109.3°+2° 112.7°+2° 99.6°+3° 13.1°9+5°
ZnO/Si 86.6°+3° 90.4°+4° 27.5°+4° 62.9°+£8°

CYTOP/ZnO/Si  121.5°+2°  122.8°+2° 95.6°+4° 27.2°+6°




Figure

Zn0O

AR {e]]

Figure S2. Cross-section SEM image of the ZnO films on Al foils, indicating a columnar

morphology of ZnO microstructure.
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Figure S3. XRD pattern of ZnO thin films on Si substrate.
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Figure S4. Signal reflection spectra (S11) of ZnO/Si SAW device with the wavelength of 64 pm.
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Figure S5. Finite element analysis (FEA) simulations of wave vibration modes for the SAW devices

with the wavelengths of 64 um and 200 um and varied Al sheet thicknesses from 50 pm to 1500 pm.
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Figure S6. Reflection spectra (S11) changes of thin Al sheet (200 um thick) SAW device before and

after the bending.



Figure S7. High-speed pumping images of the droplet (a) using ZnO/Al plate (1500 um thick) SAW

device and (b) ZnO/Si (500 um thick) SAW device with the same wavelength of 64 um.
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Figure S8. The maximum pumping volume of the droplet under different inclination angles.



Figure S9. High-speed jetting images (1 ms per frame) of the droplet driving by the traveling wave
(from left to right) using (a-b) ZnO/Al plate (1.5 mm thick) SAW device and (c-d) ZnO/Si SAW device

with the same input power of 18 W.



Movie

Movie S1. 10 pL droplet transport (30 frames/s) on 30° inclined surface using the ZnO/Al plate (1.5
mm thick) SAW device with an actuation frequency of 39.63 MHz and an input power of 7 W.

Movie S2. 1 uL droplet jetting (60 frames/s) using pseudo-Rayleigh or Ao mode of 200 pum thick Al
sheet SAW device with an actuation frequency of 13.58 MHz and an input power of 18 W.

Movie S3. 1 uL droplet jetting (60 frames/s) using So mode of 200 um thick Al sheet SAW device
with an actuation frequency of 15.56 MHz and an input power of 24 W.

Movie S4. 1 uL droplet movement (30 frames/s) on the Al foil substrate driving using Ao mode of 50

um-thick Al foil SAW device with an actuation frequency of 9.38 MHz and an input power of 6 W.

Movie S5. 1 uL droplet movement (30 frames/s) on the Al foil substrate driving using So mode of 50

um-thick Al foil SAW device with an actuation frequency of 25.1 MHz and an input power of 6 W.

Movie S6. 1 uL droplet transport (25 frames/s) on the bent surface using the pseudo-Rayleigh or A0
mode of 200 um thick Al sheet SAWSs with an actuation frequency 13.57 MHz and an input power of
16 W.

Movie S7. 6 uL droplet transport (25 frames/s) on the inverted surface using the pseudo-Rayleigh
mode of 200 pum thick Al sheet SAWs with an actuation frequency 13.57 MHz and an input power of
16 W.

Movie S8. 1 uL droplet transport (25 frames/s) on the backside of the 200 um thick Al sheet SAW

device using the pseudo-Rayleigh mode with an input power of 5 W.



Methodology

Model. The model used for modeling the bending effects is based on a stiffness matrix method,* which
Is suitable for the analysis of plane acoustic waves propagating in multilayered media. Each layer of
the medium corresponds to its own stiffness matrix. The global stiffness matrix of the whole
multilayered media can be calculated using a recurrence equation, as presented in Eq. (7). Applied
with the boundary condition, the resonant frequency and vibration amplitude of acoustic wave can be
solved. The stiffness matrix of a single-layer medium is an 8-order matrix obtained from the
constitutive equations and wave equations (see Egs. (1) to (5)), where the material properties and strain
distributions need to be constant. However, the material parameters (e.g., density and elastic constant)
are different in different layers due to the nonuniform strain distributions. Therefore, the ZnO and Al
layers are further divided into 50 sublayers to make the strain distributions in each sublayer

approximately be uniform.

Assumption. The bending of the SAW device is assumed to be a pure bending, under which all the
densities and elastic constants of ZnO and Al as well as the device’s wavelength are changed. The total
frequency shifts can be regarded as the sum of several frequency shift components caused by the
changes of the density, elastic constant, device’s wavelength and the stress, respectively. For example,
when calculating the density component, the initial density distribution is replaced with the density
distribution under bending, and the corresponding frequency shift is obtained. Considering the
applications in this work, no residual stress is taken for the calculation. Therefore, there are only three

frequency shift components (density, elastic constant and wavelength).

Equation. The detailed calculation processes are as follows:
For a single-layer medium, the constitutive functions can be written as?
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where i, j, k = 1, 2, 3, represent the directions of X1, X2, x3, which are corresponding to the coordinate
system shown in Figure 3b in the paper. yi, Ui, gji, p are the external stress induced by bending, the
mechanical displacement, the stress and the mass density, respectively. Di, Ciju, €xij, @, &ik are the electric
displacement, the elastic constant, the piezoelectric constant, the electric potential, and the dielectric
constant, respectively.

Then the wave functions can be described as
U=U(X3)§, ¢=(/7(X3)ég’ ‘73:03()(3)6' D3:D3(X3)§ )
where & = exp[j(wt - kix1)], w is the angular frequency, ki represents the wave vector in the x; direction,

u(xs) = [u1(xs) uz2(xs) uz(xs)]" and o3(xs) = [o13(Xs) 023(X3) o33(X3)]". According to Egs. (1) to (5), we can

obtain the following equation:

el il wlFE) 0

where z: and zp are the xs coordinates at the top and bottom surfaces, P(xs) = [u(xs) ¢(x3)]", Q(x3) =
[o3(x3) D(x3)]", and M is the stiffness matrix of the corresponding layer.
For multilayer media, the recurrence equation of M can be written as'
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where MN, MM = Ml; . M., , M" = Mu™ My are the global stiffness matrix of total N
M = M N-1 M n-1 M n-1
21 22 21 22

layers, top N-1 layers and the n'" layer, respectively.

The boundary conditions are given by3*

0, oy =0, free surface

|x3:Boundary - X3=Boundary

(8)

oy =0, metallized surface

¢|x3:Boundary - O’ Xg=Boundary
where 1 is the surface charge density and ¢ is the electric potential.
By combining the boundary conditions and the stiffness matrix of total N layers, the resonant frequency

as well as the acoustic wave amplitude on the SAW device surface can be solved.
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