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Supplementary Figures

Figure S1 (a) and (b) show the topographic AFM image of as-grown NZFO film and transferred 
NZFO film on a silicon wafer, respectively. The thickness of NZFO is ~ 120 nm obtained from Figure 
S1 (b).

Figure S1 Topographic AFM image of as-grown NZFO film (a) and transferred NZFO film on a 
silicon wafer (b). 
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Figure S2 Hr as a function of in-plane field orientation ΦH (a) and out-of-plane inclination angle θH 
(b) for as-grown NZFO film.

Figure S3 The FMR spectra of transferred NZFO film in the state of compressive strain along in-plane 
(a) and out-of-plane (b) directions with a various radius of curvatures.



For the purpose of the application, the antifatigue of flexible thin films is one of the most 
significant characters. The in-plane, TMS critical angle and out-of-plane FMR fields of the flexible 
NZFO thin-film almost keep unchanged for the fatigue cycle up to 20000 times, as shown in Figure 
S4 (a), (b) and (c). The FMR fields and the change of FMR fields as a function of cycles are shown 
in Figure S4 (d) and (e).

Figure S4 Fatigue character for the NZFO flexible in unbent and bent for 20 000 cycles, respectively. 
FMR spectra for in-plane (a), TMS angle (b) and out-of-plane (c). FMR field and the change of FMR 
field (e) as a function of cycles for in-plane, TMS angle, and out-of-plane, respectively.

Figure S5 (c) shows the magnetic hysteresis loops of flexible NZFO film with various radius 
of curvatures in the state of tensile strain, and it can be clearly observed that saturation magnetization 
gradually decreases with the radius of curvatures decrease. Before the VSM test, the system was 
calibrated, and we define the surface of the unbent sample as the datum plane, as shown in Figure S5 
(a-II). For the bending test, the flexible NZFO film was attached to the holders with various radius of 
curvatures. And the thickness of holders is 1.2 mm, 1.6 mm, and 2.0 mm, respectively, as shown in 
Figure S5 (a-I). Thus, the maximum distance (D) between the surface of the film and the datum plane 
gradually increases due to the thickness of the holders for the VSM test are different, leading to the 
inhomogeneous distribution of the test magnetic field. We surmise that the reduction of saturation 
magnetization might come from the inhomogeneous distribution of the test magnetic field and be 
independent of the magnitude of strain. Figure S5 (b) shows the ΔM as a function of D/L of transferred 
NZFO film in the state of tensile strain. 

In order to exclude the strain effect, the unbent sample was measured when D is 1.2 mm, 1.6 
mm, and 2.0 mm, respectively. Figure S5 (e) presents the magnetic hysteresis loops of unbent flexible 
NZFO film, and it can be distinctly seen that saturation magnetization also decreases with the value 



of D increases. This further suggests that the reduction of saturation magnetization is independent of 
the magnitude of strain.

Figure S5 (a) Schematic of the holder with a different radius (I) and VSM test conditions (II). (b) ΔM 
as a function of D/L of flexible NZFO film in the state of tensile strain. (c) Magnetic hysteresis loops 
of transferred NZFO film. (d) ΔM as a function of D/L of transferred NZFO film. (e) Magnetic 
hysteresis loops of flexible NZFO film.

Figure S6 (a) The ΔH as a function of θH for various R. (b) The δΔHmax as a function of .  is 𝛿1/Ξ Ξ

the magnetic dragging function. (c) The enlarged view of Figure 5 (a).



Figure S7 Enlarge view of Figure 4 (b).

Figure S8 The FMR spectra at TMS critical angle of transferred NZFO films (a) in the state of tensile 
strain and (b) in the state of compressive strain.

Table S1 The values of H4⊥, H4∥, Meff and H2∥for as-grown and transferred NZFO films

f H4⊥ H4∥ Meff H2∥

ST
O

9.4 GHz 326.28 Oe -56.87 Oe 350.26 Oe 0 Oe

PET 9.4 GHz 404.44 Oe -56.07 Oe 379.74 Oe 7 Oe



Formula derivation

Smit-Beljer’s approach Equation (S1).
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the magnetic dragging function for the in-plane condition is given by
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