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Section S1. Calculation of the resistance-area product
The resistance-area (RA) product can be calculated from transmission by
definition:
A A

RA =3 =0 (SL.1)

where A is the unit cell area, T'(&f) is the calculated transmission at the Fermi energy,
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is the spin-conductance quantum. For the system we calculated,

the lattice constant is a = 3.39 A. For example, in the zigzag direction, the area of the
unit cell is given by A = a *d = 3.39d A?, where d is the thickness of the atomic
layer, which can be obtained by subtracting the coordinates of the top and bottom atoms.

In the armchair direction, the area of the unit cell is A = V3a *d = 5.87d AZ. The

RA product is then given by:
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Section S2. The final atomic positions and lattice vectors of TNF monolayer, SCO
monolayer and four TNF/SCO vdW heterostructures.
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Tables:

Table S1 Calculated cleavage energy of the TNF/SCO multiferroic vdW
heterostructures. The red numbers in the table indicate the most stable configurations.

E.(eV/ A @ @ &)

TNF1/SCO| -0.007 -0.014 -0.002
TNF1/SCO1 -0.010 -0.014 -0.004
TNF}/SCO| -0.011 -0.019 -0.006
TNF|/SCO1 -0.012 -0.019 -0.008

Table S2 Summary of transmission data for the TNF |/SCO heterostructure, including
the transmission for Zigzag and Armchair direction, TER, and RA.

Zigzag Armchair
TNFJ/SCO|  TNFJ/SCOT  TNF|/SCO|  TNF|/SCO?t
T 5.49
RA (Q-um?) 2.20x1072 2.15x1073
TER 00
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Figure S1. Crystal structures of the TNF and SCO monolayers. Side view and top view
of the structures of single layers of (a) TNF and (b) SCO. The blank line represents the
unit cell. Band structures of (c) TNF monolayer and (d) SCO monolayer.
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Figure S2. Band structures of TNF (a) Without SOC, NM state. (b) Without SOC, FM
state. Red and blue denote the spin-up and spin-down, respectively. (¢) With SOC, FM
state with magnetic moment in the plane.
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Figure S3. The projected orbital components of TNF monolayer. (a) Ta-d\xy, (b) Ta-d\’.
42, () N-py, (d) F-p-, (e) Ta- d-*, (f) F-s. The size and color depth of the red dot represent

the degree of contribution.
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Figure S4. The spin projection bands in different directions of TNF. (a) Sk, (b) S, (c)
S.. Red and blue represent the positive and negative directions of spin respectively, and
depth of the color represents the contribution of the spin in the corresponding direction.
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Figure S5. The projected orbital components of SCO monolayer. (a) C- p-, (b) O-s, (c)
O-p-, (d) C-px, (e) C- d,, (f) O-p,. The size and color depth of the red dot represent the
degree of contribution.
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Figure S6. Kinetic pathways of polarization reversal processes. (a) and (c) show the
top view of the SCO1 monolayer. The green arrow attached to the atoms indicates the
direction of the movement of C atoms during the polarization reversal process, and the



yellow arrow indicates the movement directions of the lower Sc atoms and O atoms.
Top views (a) and (¢) correspond to the kinetic pathways in (b) and (c), respectively. (b)
Path 1 of SCO from P17 to P| states. (c) Path 2 of SCO from P71 to P states.
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Figure S7. Top and side views of 12 stacking configurations for TNF/SCO
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heterostructures. (a) TNF1/SCOJ, (b) TNF|/SCO|, (¢) TNF{/SCO? and (d)
TNF|/SCO1.
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Figure S8. The band structure of the monolayer with the in-plane lattice constant of the
heterostructure. (a) SCO, (b) TNF.
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Figure S9. Electrostatic potential of (a) TNF1/SCO|, (b) TNF|/SCO/|, (c) TNF1/SCO?
and (d) TNF|/SCO1.
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Figure S10. The kinetic pathways of polarization reversal processes. (a) TNF1/SCO,
(b) TNF|/SCO.
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Figure S11. Magnetic configurations for (a) ferromagnetic, (b) ferrimagnetic and (c)
antiferromagnetic order of TNF layer. In (a), the red arrows indicate the nearest
neighbor magnetic exchange coupling, while the green arrows represent the next
nearest neighbor magnetic exchange coupling. The two different colors represent the
opposite directions of the magnetic moment.
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Figure S12. Temperature variation of the magnetization and capacity for the Janus TNF
monolayer.
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Figure S13. (a) The black dashed box represents the primitive cell, the red box

represents the reconstructed 1xv/3 orthogonal supercell, and the arrows represent the

directions. The device configuration of TNF1/SCO| heterostructure along (b) Zigzag
direction and (c¢) Armchair direction.
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Figure S14. Transmission spectrum of the TNF |/SCO heterostructure along the zigzag
direction for (a) SCO| and (b) SCO?. Transmission spectrum of the TNF|/SCO
heterostructure along the armchair direction for (¢) SCO| and (d) SCOf1.



