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Supplementary Figures 

 

 

Supplementary Figure 1| Schematic of the electrostatic doping of the MnPt film by a negative gate 

electric field EG via the ferroelectric 0.72PbMg1/3Nb2/3O3–0.28PbTiO3 (PMN-PT) substrate in a 

MnPt/PMN-PT heterostructure. 

 

      

Supplementary Figure 2| Influence of strain on the electronic band structure and density of states 

(DOS) of antiferromagnetic (AFM) MnPt. Electronic band structure and electronic DOS of AFM MnPt. 

Note that only the spin up parts are plotted due to the AFM nature of MnPt since the spin down parts are 

the same as those of the spin up parts. The electronic structures of MnPt are almost unchanged with a 

small compressive strain of 0.1% along the a- and b-axis directions. 
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Supplementary Figure 3| Room-temperature Hall effect of the textured MnPt film at different 

resistance states. Inset: A typical Hall bar pattern for the measurements. 

 

 
Supplementary Figure 4| Effect of electric pulses on the magnetic properties of a Co90Fe10 film. a, 

Schematic of the electric switch geometry. b, Magnetic hysteresis loops of the Co90Fe10 film after 

excitation by positive/negative electric field pulses. 
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Supplementary Figure 5| Epitaxial MnPt/MAO/PMN-PT heterostructure fabricated by high-

temperature growth. a, Schematic of the epitaxial MnPt/MAO/PMN-PT heterostructure. b, X-ray 

diffraction of the heterostructure. 

 
 

 

 

Supplementary Figure 6| Exchange bias in the Co90Fe10/epitaxial MnPt system. a, Schematic of the 

sample structure and electrical connection for applying electric pulses. b, Exchange bias after excitations 

by positive and negative electric field pulses.  

 



4 
 

Supplementary Figure 7| Electroresistance of a (001)-ordered MnPt/MAO/PMN-PT 

heterostructure. a, Schematic of the sample structure and the gate field geometry for electroresistance 

measurements. b, EG-dependent resistance of the (001)-oriented MnPt single-crystalline film. c, 

Perpendicular gating current as a function of EG. 

 

Supplementary Figure 8| Piezoelectric strain. X-ray diffraction of the PMN-PT (004) peak under 

different electric fields in an epitaxial MnPt/MAO/PMN-PT heterostructure. 

Supplementary Notes  

Supplementary Note 1: Grain sizes of (001)- and (101)-oriented grains 

According to the Scherrer formula, the grain size D can be inferred from D = 0.89λ/(βcosθ ), 

where λ is the X-ray wavelength, β is the peak width at half maximum and θ is the diffraction 

angle.  λ is 1.54056 Å. Based on Fig. 1b, β is 0.647 and 0.690 for the (001) and (101)-oriented 

grains, respectively. θ is 24.738 and 20.088 for the (002) and (101) peak, respectively. 

Therefore, the grain size for (001)- and (101)-oriented grains is ~13.4 and ~12.1 nm, respectively. 

Supplementary Note 2: Electrostatic doping 

As shown in Fig. S1, a negative gate electric field EG applied from the bottom Au gate induces 

positive surface charges on the ferroelectric 0.72PbMg1/3Nb2/3O3–0.28PbTiO3 (PMN-PT) surface 

adjacent to the Au electrode and negative surface charges on the top surface, which subsequently 

induces additional positive carriers (holes) in the MnPt films via the electrostatic induction. As a 

result, the electrons in the MnPt film are, to some extent, depleted and thus the resistance of the 

MnPt film increases. 

Supplementary Note 3: Density functional theory calculations 

The structure of antiferromagnetic (AFM) MnPt is shown on the left in Fig. S2, which is the 

lowest energy configuration based on our previous examination
1
. All density functional theory 
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(DFT) based first-principles calculations were performed by the Vienna Ab initio Simulation 

Package
2
 with the ion-electron interaction depicted by the projector augmented wave method

3
, 

and the exchange-correlation functional described by the generalized gradient approximation 

developed by Perdew, Burke, and Ernzerhof
4
. During the Vienna Ab initio Simulation Package 

calculations, 7 electrons (3d
5
4s

2
) were treated as valence electrons for Mn and 10 (5d

9
6s

1
) for Pt. 

The energy convergence criterion for electronic self-consistency was at least 10
-6

 eV per atom 

and the plane wave cutoff energy of 337 eV was employed. The k-points meshes were 

(181818) for MnPt with 4 atoms in the primitive cell and (666) for the 32-atom supercell 

for phonon calculations. 

Supplementary Note 4: Control experiments with (001)-oriented MnPt single 

crystalline films 

We performed high-temperature growth to fabricate highly-ordered (001)-oriented MnPt films 

on PMN-PT substrates by inserting 3-nm-thick MgAl2O4 buffer layers. PMN-PT is not 

chemically stable at temperatures higher than 550 C due to the volatile nature of Pb. A 

MgAl2O4 buffer layer could prevent the loss of Pb at its surface and also serves as an epitaxial 

template for MnPt growth. A MgAl2O4 layer was first deposited on to a PMN-PT substrate by 

radio frequency sputtering with 100 W and an Ar pressure of 3 mTorr at 500 C. After that, a 37 

nm MnPt layer was grown at 600 C and post-annealed in vacuum at 800 C for 1 h. The X-ray 

diffraction of a MnPt/ MgAl2O4/PMN-PT heterostructure is shown in Fig. S5, which indicates 

that MnPt is fully (001)-oriented.  

To confirm the AFM nature of epitaxial MnPt films, 2.5 nm Co90Fe10 and 2 nm Pt layers are 

similarly deposited on top of them. As seen in Fig. S6, such a heterostructure exhibits a large 

exchange bias field HEB of ~245 Oe and a coercivity field Hc of 150 Oe, which is consistent with 

our previous work
1
. More importantly, the large exchange bias in the Co90Fe10/(001)-ordered 

MnPt system does not change upon external electric field excitations. Meanwhile, we examined 

the effect of electric fields/strain on the resistivity of fully (001)-oriented MnPt. As shown in Fig. 

S7, although the polarization switching in PMN-PT can be clearly seen in the EG-dependent 

perpendicular current curve (Fig. S7c), the electroresistance effect is negligible. This also helps 

rule out the electron-phonon scattering mechanism as the dominant origin for the 

electroresistance. Overall, these results support our assumption that strain rotates the AFM spin 
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axis of (101)-oriented grains in textured MnPt films, leading to enhanced exchange coupling 

with Co90Fe10 and also the low-resistance state. 

In addition, the piezoelectric strain generated from PMN-PT with a 3 nm MgAl2O4 buffer layer 

on top, i.e., in the MnPt/ MgAl2O4/PMN-PT/Au structure was found to be similar to that in the 

MnPt/PMN-PT/Au structure (Fig. S8). 
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