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ADDITIONAL LATTICE DISTORTIONS

FIG. 1. Additional antipolar motions appearing in the bulk ground states. a) X; anti polar mode appearing in both Pbnm
and P2;/b phases. b) X3 antipolar mode appearing exclusively in the P2; /b phase.

OPTIMIZED BULK VANADATES AT 0K

In order to extract the effective U parameter for our DE'T calculations, we fitted its value on bulk vanadates in order
to correctly reproduce the ground state of YVOg3, PrVOs and LaVOs. With an effective parameter of U of 3.5 eV,
we correctly reproduce the Pbnm ground state of YVOg3 and the P2;/b ground state of both PrVO3 and LaVOs.
Optimized lattice parameters and symmetry mode analysis are given in Tables I and II respectively. Within our DFT
calculations, YVO3 exhibits a gap of 1.95 eV in close comparison with experimental value (around 1.6 V) [1], while
LaVO3 and PrVOgs develop band gaps of 1.70 eV and 1.93 eV respectively, slightly overestimated [2].

OPTIMIZED (AVOs),/(A’VO3); LAYERED STRUCTURES

Symmetry mode analysis

Symmetry mode analysis of our optimized vanadate layered structures are provided in Table III. The superlattice
is insulating and develops a band gap of 1.86 eV.

Origin of P,

As discussed in the main paper, bulk vanadates develop a Pbnm symmetry at room temperature and hence the
layered structures should present the equivalent Pb2;m symmetry. In the Pb2;m phase, four main distortions are
present: ¢, ot Q;‘ and P,,. In order to understand the driving force leading to this metastable Pb2;m symmetry,
we added some amplitude of distortions leading to this symmetry in a hypothetical P4/mmm phase. Potentials are
plotted in Figure2. As expected, the two AFD motions present double wells and are strongly unstable (energy gains
around 1 eV) while P, and Qg are stable. Consequently, ¢y, and ¢} are the primary order parameters leading
to the Pb2;m symmetry, and P,, and Q3 appear through improper couplings. These potentials confirm the hybrid
improper character of the in-plane P, polarization [6-8].
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FIG. 2. Energy gains (in meV) by condensing several amplitudes of distortions leading to the Pb21m (AFMG) within the
Py /mmm structure.

STRAIN EFFECT ON (AVOs3):/(A’VO3); LAYERED STRUCTURES

For potential applications, the proposed superlattices can be grown on given substrates. The pseudocubic param-
eters (defined as the mean value of the low symmetry lattice parameters) are 3.88 A, 3.88 A and 3.92 A for YLVO
and PLVO superlattices respectively. We chose cubic SrTiOs (3.905 A) and KTaOs (3.9885 A) as two potential
substrates and performed a geometry relaxation of the two superlattices constraining both in-plane pseudocubic lat-
tice parameters to those of the substrates [9]. Results are displayed in Table IV. The effect of the substrates is to
tune the relative energy difference between the two magnetic orderings, and hence between the two orbital-ordered
phases. A SrTiOj substrate seems to favor an AFMG magnetic ordering, and consequently a pure Q3 phase. On the
contrary, going to a KTaO3 substrate applies a moderate tensile strain and favors an AFMC magnetic ordering for
the two superlattices. These strain effects then open the way to an indirect control of the magnetism and the orbital
ordering playing with the strain imposed by the substrates. Indeed, growing (AVO3);/(A’VO3); layered structures
on a piezoelectric substrates, an indirect coupling with the electric field may appear:

electric strain

coupling o - -
strawn magnetism

Applying an external field on the substrate induces a strain on the vanadate layered structure, and consequently this
latter can switch both magnetic and orbital orderings.
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YVO3 PI"VOg LaV03
Pbnm P2, /b P2, /b P2, /b
AFMG AFMC AFMC AFMC
i th. 5.28 5.27 5.48 5.55
a(4) exp. 5.29(5K) [3] 5.28(85K) [3] 5.48(5K) [4] 5.56(10K) [5]
b (A) th. 5.61 5.65 5.68 5.64
exp. 5.59(5K) [3] 5.62(85K) [3] 5.61(5K) [4] 5.59(10K) [5]
(A) th. 7.58 7.55 7.72 7.76
¢ exp. 7.56(5K) [3] 7.54(85K) [3] 7.69(5K) [4] 7.75(10K) [5]
©) th. - 90.03 90.14 90.15
@ exp. - 90.02(85K) [3] 90.15(5K) [4] 90.13(10K) [5]

TABLE I. Optimized lattice parameters for the bulk vanadates at 0 K. Experimental values are given for comparison.

YVOs3 PrvOs LaVOs3
Mode (Irreps) Pbnm P21/b P21/b P2:/b

boy (+6-) (Ry) - 181 142 1.32
) 1.83 - - R
3 ) 1.24 125 097  0.89
QfF (M) 0.15 0.06 0.02 0.01
)
)
)

- 0.10 0.10  0.09
090 090 0.65 0.52
- 0.05 0.01  0.00

>

3

TABLE II. Amplitudes of distortions (in A) on our optimized bulk vanadates at 0 K with respect to a hypothetical pseudocubic
phase. In the P2;/b symmetry, both ¢, and ¢, belong to the same irreps, even if ¢, amplitude of distortion should remain
extremely small.

Mode (Irreps)  YLVO (0K) PLVO (0K)
Pb21m-AFMG Pb-AFMC

6 (M) 113 094
¢z (M) - 0-01
My (M:) 0.13 0.01
RJT (M;) - 0.09
_ 0.76 0.59
Pay (T'5) (7.89 uC.cm_z) (2.94 pC.Cm_Q)
- - 0.00(4
P. (I'y) "

- (0.34 uC.cm™?)

TABLE III. Amplitudes of distortions (in A) on our optimized bulk vanadates at 0 K with respect to a hypothetical cube on
cube phase (P4/mmm). In the P2 /b symmetry, both ¢, and ¢, belong to the same irreps, even if ¢, amplitude of distortion
should remain extremely small.



SrTiO3 Fully relaxed KTaOs3
AFMG AFMC AFMG AFMC AFMG AFMC
AE 0 +24 0 +8 0 -10
YLVO c/a 0.98 0.98 1.01 1.01 0.95 0.95
AE 0 +8 0 -4 0 -13
PLVO c/a 1.00 1.00 1.00 1.00 0.96 0.96

TABLE IV. Amplitudes of distortions (in A) on our optimized bulk vanadates at 0 K with respect to a hypothetical pseudocubic
phase. In the P2;/b symmetry, both ¢, and ¢, belong to the same irreps, even if ¢, amplitude of distortion should remain
extremely small.



