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Supplymentary Fig. 1 | Electrostrictive measurement. a. Schematic illustration of the cantilever's
geometry. The displacement along the out-of-plane direction is measured as a function of time under an
electric field. b. Schematic illustration of the deformation of the cantilever. The blue line denotes the
curvature. ¢. A comparison of the displacements of bare NGOio0) substrate with NGO/CGO/[ESB/CGO]n
as a function of electric field using the planar electrode configuration.

Extended Data Fig. 1a schematically illustrates the geometry of the cantilever with planar electrode
configuration. The displacements (Ac) that respond to the electric field at the free end of the
cantilever (a1) are measured. This configuration yields the longitudinal electrostriction coefficient
(i.e. M13). The distance (a) between the two electrodes is 0.46 mm, the width (y) is 2.5 mm, and

the thickness of the NGO substrate is 0.1 mm.

The induced curvature (Ak) is calculated by Ak= 2Ac/(a?).3* The in-plane stress is then calculated

using the well-known Stoney formula®*

Ao = Ysub tszub Ak 1
1- Usub 6tfilm

where Yqb is Young's modulus, vsw is the Poisson ratio, fu, and fim are the thickness of the

substrate and film, respectively.

Then M, is obtained by linear fitting the stress against electric field squared by



M, =2 2
xx_EZ'Y}‘ilm

where Ysm is Young's modulus of the heterostructures, which is taken to be a weighted average
of CGO and ESB. The Yongs’s modulus(Poisson ration) for NGO, CGO and ESB are

200.97(0.29)%, 200(0.33)%, and 72.8(0.39), respectively.

To account for the electric field distribution, we performed finite element modelling (FEM)
following the procedure described by Nigon er al.?® Here, the electric field distribution was
calculated using a 2D model of the cantilever geometry in Fig. 1. A grounded electrode and a
biased electrode were placed on top of the thin film deposited on the NGO substrate. The cantilever
was further surrounded by air on the top and bottom. The deposited superlattice is modelled as a
single dielectric layer. A custom mesh was created to account for the high aspect ratio of the thin
film. The average electric field in the thin film was found to be invariant to its thickness in the
probed range (38 < tun < 80 nm). The electric field distribution is displayed in Fig. 2a where it is
observed that E; is the dominating component in the film, consistent with previous studies.?” 38
The electric field is found to be fairly constant in the majority of the electrostrictor (Ex = 0 below
the electrodes and E. ~ V/a between the electrodes) with only significant inhomogeneities
occurring close to the edge of the electrodes where E increases from 0 below the electrodes,
encounters a peak and decreases to a constant value. The average of E, and E,? is displayed in Fig.
2b as a function of the dielectric constant of the electrostrictor. For all probed dielectric constants,
the average of E, can be well approximated by Ex = V/a. However, for low values of the dielectric
constants, the peak in E, close to the electrode edge increases, leading to an increasing average of

E\’. However, the thinner the film with respect to the electrode distance, the less the impact of the

region close to the electrode. The geometry and high dielectric constant of the electrostrictive



heterostructure used here ensure that Ex = V/a and E\*= (V/a)?* are fair approximations, and these

will be used in the following for convenience.

®. <E2> from FEM
2.179 ™

21780 . 6.4
2177
2.176

2.175
0.46 mm
2.174

<E,> (kV/cm)

o
2.173
2.172

2.171

2,174
10°

-3 -2 -1 0 1
E; (kV/cm) for V=100V

Supplymentary Fig. 2 | Electric field distribution by finit element simulations. a. Distribution of the x- and y-
component of the electric field (Ex and Ey) in the electrostrictive cantilever and NGO substrate when an electrostatic
potential of V"= 100V is applied. b The average of the electric field and squared electric field as a function of the
dielectric constant of the thin film. The average is calculated in the 0.46 mm x 38 nm region of the electrostrictive
film between the electrodes and compared to the naive prediction where Ex = V/a. Note that the dielectric displacement
field is channelled by the high dielectric constant materials, i.e., CGO.

For NGO/CGO/[ESB/CGOQY]7, the maximum displacement is 38.4 nm under the highest electric
field (V/a = 17.4 kV/cm) at 1Hz. This gives a deformation of Acmax/a = 38.4 nm/0.46 mm =
8.35x107° << 1% (Fig. 1b), corresponding to an angle change of 0.00478295 °. Such a small angle
change indicates that the 'bending' of the cantilever can be neglected. Fig. 1b further show the
displacements of bare NGOi00) substrate with planar electrode configuration. It is clear that NGO
is not electrostrictive active. Thus the contributions associated with a high electric field, such as
polarization or electrostatic force (i.e. Maxwell stress tensor), can be neglected. This assumption
is consistent with the results shown in Fig. Ic in the main text: with the same planar electrode
configuration, Mxx increases by approximately two orders of magnitude from NGO/CGO to
NGO/CGO/[ESB/CGO]7 (Fig. 1c, main text), demonstrating that the variation of the thin film is

dominating the electromechanical response.
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Supplymentary Fig. 3 | Atomic scale simulations. a. Table showing the short-range Buckingham potential
parameters. b, ¢ and d comparison of calculated and experimental lattice parameters for xGd203-(1-x)CeOs. (b),
xEr0s3-(1-x)Bi203 (¢), and xBi203-(1-x)CeO2 (d). The maximum difference between the calculated values and
experimental values is ~0.4% xGd203-(1-x)CeO2 and ~0.6% for xBi2O3-(1-x)CeOz. The lattice parameters for
xGd203-(1-x)CeO2 were taken from ref 41 and 42. The lattice parameters for Bi2Os, Er>O3 and Ero.sBi1203; were taken
from ref 43, 44 and 45, respectively. The lattice parameters for xBi20O3-(1-x)CeO2 were taken from ref 46 (open
circles).
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