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Figure S1. Evolution of P-V hysteresis loops with increasing applied Vmax for the 

Pt/PZT/SRO capacitor.

        The short saturation regime of the loop shown in Fig. 2f in the main text is caused by 

the relatively small applied Vmax (i.e., 4 V), which is close to the voltage where the 

polarization switching is just completed. Applying Vmax of >4 V may allow the polarization 

switching to be fully completed, resulting in a sharper loop (Fig. S1). However, increasing 

Vmax to >4 V sometimes causes the sample breakdown. Vmax = 4 V has therefore been used 

for our Pt/PZT/SRO capacitor in this work.
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        The growth of the LVO film on the PZT film is described as incoherent epitaxy, 

meaning that the two in-plane axes of the LVO lattice coincide with those of the PZT lattice 

but the LVO/PZT interface is not coherent. To support this viewpoint, the XRD φ and ω 

scans as well as TEM were performed, and the results are shown in Fig. S2-4, respectively. 
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Figure S2. XRD φ scans for (a) STO substrate [@ STO (103)], (b) LVO/STO film [@ 

LVO (103)], and (c) LVO/PZT/STO film [@ LVO (103)].

        For the XRD φ and ω scans, the following two LVO samples were used: the one 

grown directly on the STO substrate (LVO/STO) and the other grown on the PZT-buffered 

STO substrate (LVO/PZT/STO). As shown in the φ scans (Fig. S2), both LVO samples 

exhibit four peaks, which have the same positions as those of the STO substrate. Therefore, 

both LVO samples have the same in-plane orientational relationship with the STO 

substrate: LVO [100] // STO [100], suggesting the epitaxial growth of the LVO films on 

both bare STO and PZT-buffered STO substrates. The epitaxial qualities of the two LVO 

samples were further checked by the following ω scans (Fig. S3).  
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Figure S3. XRD ω scans of the LVO (103) peak for the (a) LVO/STO and (b) 

LVO/PZT/STO films. The intensity axis is in the linear scale. 

        Figure S3 shows that the full width at half maximum (FWHM) of the LVO (103) peak 

is 0.15° in the LVO/STO sample, but it increases to 0.20° in the LVO/PZT/STO sample. 

In addition, a wide hump emerges in the LVO/PZT/STO sample. These results suggest that 

the crystalline quality of LVO in the LVO/PZT/STO sample becomes poorer than that in 

the LVO/STO sample. The quality of the LVO/PZT interface was further checked by the 

following TEM (Fig. S4).
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Figure S4. (a) Low-magnification TEM image of the LVO/PZT/SRO heterostructure on 

the STO substrate. (b) High-resolution TEM image of the LVO/PZT interfacial region. (c) 

Fast Fourier transform (FFT) pattern acquired in the LVO layer. In a and b, the dotted lines 

indicate the interfaces. In b, the red squares indicate the lattice of LVO.

        Figure S4a shows that the three layers of LVO, PZT, and SRO are well grown with 

sharp interfaces. Figure S4b further shows that the LVO lattice is strongly distorted and 

the interface between LVO and PZT is not coherent, which may be caused by the following 

two factors. First, the growth of LVO on PZT is kind of incoherent epitaxy although their 

in-plane lattice parameters are quite close (~4 Å). Second, the perovskite structure of LVO 

has a poor thermodynamic stability1, which may be distorted during the preparation of the 

TEM sample. Nevertheless, the vertical and horizontal lattice fringes of LVO can still be 

observed in Fig. S4b. By performing FFT in the LVO region, one can see the diffraction 

pattern corresponding to a perovskite phase (Fig. S4c). The out-of-plane and in-plane 

lattice parameters of LVO are calculated to be ~3.95 and ~3.91 Å, respectively, consistent 

with those obtained from the XRD results (Figs. 3a and b in the main text). Therefore, the 

combined TEM and XRD results confirm that the perovskite LVO film is successfully 

grown on the perovskite PZT film, in spite of the incoherent epitaxy.
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Figure S5. PFM phase images after electrical writing for the (a) LVO(24 nm)/PZT and (b) 

LVO(42 nm)/PZT films. The voltages of +9 V and -9 V are used for the positive and 

negative writing, respectively.

        The comparison between Fig. S5 and Fig. 2d in the main text demonstrates that the 

domains can be fully switched in the LVO/PZT film when dLVO is no larger than 24 nm.  
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Figure S6. EQE spectra for the Pt/LVO(24 nm)/PZT/SRO and Pt/PZT/SRO devices.

        As shown in Fig. S6, the EQEs of the Pt/LVO/PZT/SRO device are larger than those 

of the Pt/PZT/SRO device in the whole wavelength region of 330-850 nm, and the EQE 

enhancements are more observable in the 450-850 nm region than in the 330-450 nm 

region. Based on the following equation: 

,                                                                                           (S1)sc = EQE( ) ( ) d   g g gI A q N

where A is the electrode area, q is the electron charge, λ is the light wavelength, and N is 

the number density of incident photons for the AM1.5G spectrum, the Isc of the 

Pt/LVO/PZT/SRO device is estimated to be ~2 times as large as that of the Pt/PZT/SRO 

device, consistent with the results in Fig. 5 in the main text. It is therefore confirmed that 

the PV performance is indeed enhanced by integrating the LVO film (24 nm) with the PZT 

film.
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Figure S7. Surface potential maps of the (a) PZT and (b) LVO films.

        The surface potential of the LVO film is ~0.7 V higher than that of the PZT film, 

suggesting that the work function (Ф) of the former is ~0.7 eV smaller than that of the 

latter. This work function difference is consistent with the theoretical value (ФLVO = ~4.0 

eV2,3 and ФPZT = 4.6 eV4,5).
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