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Figure S1. AFM image of a monolayer Ca,NbzO1o (CNOns) nanosheet on an amorphous

glass substrate. The thickness of a monolayer of CNOns is about 2.6 nm.
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Figure S2. XRD patterns of (a) #&-26scan and (b) rocking curve, of PZT films grown on
LNO/CNOns/glass as a function of film thickness.
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Figure S3. AFM images of PZT films with various thicknesses deposited on
LNO/CNOns/glass.
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Figure S4. Height profiles of the PZT films grown on CNOns/glass substrates extracted from
digitized AFM images for different thicknesses.
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Figure S5. (a) Ferroelectric polarization hysteresis (P-E) loops and (b) remanent polarization
(Py) and coercive field (E;) values, of PZT films with various thicknesses deposited on
LNO/CNOns/glass.
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Figure S6. Large-signal bipolar (a) piezoelectric displacement versus E-field (D-E) and (b)
piezoelectric strain versus E-field (S-E) loops of PZT films with different film thicknesses
deposited on LNO/CNOns/glass.

Figure S6a and b presents the typical butterfly-shaped piezoelectric displacement and
piezoelectric strain curves of PZT films with various thicknesses, driven at increasing ac
electric fields. The butterfly-like appearance of the displacement loops is attributed to the

nature of domain motion and the piezoelectric properties of the PZT materials.

Voltage (V)
50 7

0 25 5 100

50 v 1-0
E 40} » o8
= .
D [] —~
= 30} AD i JosS
o E . %)
£ w o <
g 20 ;é - Joa4 %
k2] o
0 190 © o J02

0 " : " 0.0

0 50 100 150 200
E (kV/cm)

Figure S7. Piezoelectric strain hysteresis loop of 5-pum-thick PZT film deposited on
LNO/CNOns/glass.



From the unipolar piezoelectric displacement (strain) — electric field (voltage) loop, as
shown in Fig. S7, the large-field piezoelectric strain coefficient (d33), as an important

parameter for actuator application, and the strain hysteresis (H), related to the piezoelectric
loss, can be calculated as:

S(%) =2 x 100 (S1)
* D max S max
H(%) = ASS’;’”—/Z x 100 = AD’;’"—/Z x 100 (S3)

where, t is the thickness of PZT film.



