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Volume fraction of orthorhombic phase can not be safely calculated from XRD data. We have
estimated it by using the polarization value extracted from Figure 2 and considering that polarization
is tilted by 54.7° for the films on LSMO/SrTiO3(001) and (110) and by 24, 66 and 90° (all equally
probable) for the films on LSMO/SrTiO3(111) and normalizing the polarization to theoretical

calculated value (55 uC/cm?,%2). Therefore, the amount of orthorhombic phase can be extracted, as
follows:

e HZO on LSMO/SrTiO3(001): P/ Piheory = 18 uC/cm?/cos(54.7°)/55 uC/cm? = 56 %

e HZO on LSMO/SrTiO3(110): P/ Piheory = 32 puC/cm?/cos(54.7°)/55 uC/cm? = 100 %

e HZO on LSMO/SrTiO3(111): P/ Piheory = 12 uC/cm? / {1/3 x cos(54.7°) +1/3 x cos(90) 1/3 x
c0s(90°)} =55 %

These volume fractions are qualitatively consistent with XRD characterization of the films of similar
thickness on LSMO/SrTiO3(001), (110) and (111).3
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Ferroelectric PUND loops (P-V and I-V) for samples grown on LSMO/SrTiO5(001), LSMO/SrTiO3(110),
and LSMO/SrTiO3(111) are shown in Figure S1.
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Figure S1. (a,b) Corresponding I-V and P-V PUND loops measured at 1kHz for films on
LSMO/SrTiO5(001), LSMO/SrTiOs3(110), and LSMO/SrTiOs5(111).
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Representative 500 x 500 nm? regions of out-of-plane signal collected using single-frequency vector
PFM are shown in Figure S2(a-f). It can be observed that Figure S2(g) shows the histograms of the
amplitude piezoresponse of PFM images of the as grown state.
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Figure S2. (a,b,c) PFM out-of-plane amplitude 500 x 500 nm images for the HZO films on
LSMO/SrTiO3(001), LSMO/SrTiOs3(110), and LSMO/SrTiOs(111), respectively. (d,e,f) Idem for the
phase response. (g) Histograms of the out-of-plane amplitude PFM of the as-grown
representantive regions shown in panels (a-c). Solid line correspond to the lognormal fitting of
each histogram.
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Figure S3. (a,b,c) PFM effective amplitude in-plane amplitude images for the HZO films on
LSMO/SrTiO5(001), LSMO/SrTiOs3(110), and LSMO/SrTiOs(111), respectively. (d,e,f) Idem while
probing along the perpendicular direction as indicated by the arrow. The in-plane substrate main
orientations are also indicated. Scale bars in (d-e-f) correspond to 100 nm.
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The in-plane polarization projections at different angles (6) are calculated by the equations
described below. ¢ =54.7°, the angle at which the polarization is tilted with respect to the out-of-
plane direction. Pyyi is extracted by projecting the P, empirically collected for each of the indicated
samples along the polar axis for each crystalline variant and the three possible polar axis. For the
sake of simplicity Ppux values has been normalized to the theoretically expected ones
Ptheory ® 55 uC/cm2.Y 2 The amplitude of the in-plane piezoresponse (D) is expected to be
proportional to the resulting value.

For HZO/LSMO/STO (001) is:

D = 2*cos(p)*Pbuik/Ptheory*[abs(cos(45°-0)) + abs(cos(45°-6+120°)) + abs(cos(45°-6+240°))] + 2*cos
() * Poulk/ Ptheory* [abs(sin(45°-8)) + abs(sin(45°-0+ 120°)) + abs(sin(45°-6+ 240°))]

For HZO/LSMO/STO (110) the equation is:

D = 2*cos(@)*Poui/Ptheory *[abs(sin(4.2°-8)) + abs(sin(4.2°-6+120°)) + abs(sin(4.2°-6+240°))] + 2*cos
(@) *Pouik/ Pheory*[abs(sin(4.2°+0)) + abs(sin(4.2°+68+120°)) + abs(sin(4.2°+6+240°))]

For HZO/LSMO/STO (111), 1,23 = 24, 66 and 90° depending on the crystalline variant, and the
resulting equation is:

D = sin(@i1)*Poui/Peory*[abs(cos(-6)) + abs (cos(-6 +120°)) + abs(cos-6+240°))] +
sin(@2)*Pouik/ Ptheory * [abs(cos(-0)) + abs(cos(-8 +120°)) + abs(cos-6+240°))] +
Sin(@3)*Pouik/Ptheory* [abs(sin(-0)) + abs(sin(-6+120°)) + abs(sin(-6+240°))]
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