
F. Ibrahim1, A. Hallal1, D. Solis1, X. Waintal2, E. Tsymbal3,  and M. Chshiev1

1Université Grenoble Alpes, CEA, CNRS, Grenoble INP, IRIG-SPINTEC, F-38000 Grenoble, FRANCE
2Université Grenoble Alpes, CEA, IRIG-SPSMS, F-38000 Grenoble, FRANCE

3Department of Physics and Astronomy and Nebraska Center for Materials and Nanoscience, University of Nebraska, Lincoln, NE, 68588-0299, USA

1. H. X. Yang et al., Phys. Rev. Lett. 110, 046603 (2013).
2. A.Hallal et al., 2D Mater. 4, 025074 (2017).
3. Z. Qiao et al., Phys. Rev. Lett. 112, 116404 (2014).
4. J. B. Neaton et al., Phys. Rev. B 71, 014113 (2005).

ABSTRACT

Graphene in proximity of magnetic material has been attracting a lot of interest in view of possible spintronic application in vertical and lateral junctions [1-3].
Multiferroics, co-exhibiting a magnetic (M) and ferroelectric (P) order, constitute an interesting class of magnetic insulators that bring about an additional
parameter in play that is the electric polarization P. Using first-principles calculations, we report the multiferroic-induced proximity effect (MFPE) in graphene
proposing the concept of controlling its electronic and magnetic properties via multiferroic substrate. We consider bismuth ferrite BiFeO3 (BFO) whose room-
temperature multiferroicity promotes it as a good candidate for applications [4]. We show that the spin-dependent electronic structure of graphene is strongly
impacted both by M and P in the underlying BFO. Based on extracted Hamiltonian parameters obtained from the graphene band structure, we propose a concept
of six-resistance device based on exploring multiferroic proximity effect giving rise to significant proximity electro- (PER), magneto-(PMR), and multiferroic
(PMER) resistance effects [5]. This finding paves a way towards multiferroic control of magnetic properties in two dimensional materials.
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Gr P.tail /BFO/Gr P.head heterostructure

• Presence of P and polar surface charges lead to
the formation of two different interfaces with
graphene revealed by different adsorption
distances.

• Stronger electrostatic interaction is observed at the
head interface where the bound charges are
quantitatively larger. This explains the larger
induced spatial charges in the inset figure.

Atomic displacements from centrosymmetric positions in BFO

Planar & macroscopic averaged electrostatic potential

• The heterostructure provides
the opportunity to compare
simultaneously two different
graphene layers relatively
sensing opposite direction of P.

• From the atomic displacements
we conclude that P is sustained
in the BFO layers with P=63
µC/cm2 and points from GrP.tail

towards GrP.head.

DFT band structure and fitted TB Hamiltonian

Spin-dependent energy band gaps, exchange splitting parameters, and parameters used to fit 
the TB Hamiltonian to the DFT band structure

• Model spintronic device used consists of two multiferroic regions on top of a graphene sheet.
• Conductance curves show six different resistance states two of which are degenerate.
• Different combinations of conductance states give rise to three types of proximity resistances.
• SOC doesn't change our results qualitatively but rather decreases the values of the conductances

and consequently the values of the different types of proximity resistances.

Spin-dependent transport (scattering matrix formalism) 

EG(meV) Δ↑(meV) Δ↓ δe(meV) δh ED(eV) γsoc(meV) t↑(eV) t↓ tR(meV)

GrP.head -48.6 55 26 104 75 -0.85 4

2.66 2.3

8.72.66 2.28

2.61 2.32

GrP.tail -34 6 1.5 -35 -40 -0.47 5 2.42 2.5 7.5
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TB Hamiltonian describing the graphene's linear dispersion relation in proximity of a magnetic insulator

Rashba spin-orbit coupling term

Conductance in the 
linear response regime
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Proximity electroresistance:

Proximity magnetoresistance:

Proximity multiferroic resistance:
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o The magnetic proximity effect in graphene can be tuned by the electric polarization existing in the multiferroic substrate.
o Our findings: - propose additional degrees of control for proximity induced phenomena in graphene and perhaps in other

two-dimensional materials.
- lead to a concept of multi-resistance device based on the multiferroic proximity effect.
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