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Table S1. The comparison between various van der Waals interactions method in DFT 

calculation on Ni/3hBN/Ni MTJ respect to experimental result on epitaxial hBN placed on 

Ni(111) surface [1] and bulk hBN [2]. DFT-D3 and DFT-D2 show an interlayer distance 

between Ni-hBN and hBN-hBN closer to experimental values.

Ni-hBN Layer Distance hBN-hBN layer Distance

Experimental 1.87 ± 0.12 Å [1] 3.33 Å [2]

DFT-D2 method 2.07 Å (N-Ni)

1.95 Å (B-Ni)

3.44 Å (N-B)

3.56 Å (B-N)

DFT-D3 method 2.05 Å (N-Ni)

1.93 Å (B-Ni)

3.13 Å (N-B)

3.25 Å (B-N)

vdW-DF method 3.52 Å (N-Ni)

3.52 Å (B-Ni)
3.53 Å (N-B & B-N)

vdW-DF2 method 3.56 Å (N-Ni)

3.56 Å (B-Ni)
3.48 Å (N-B & B-N)
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Figure S1. The transmission probability of Ni/3hBN/Ni and Ni/hBN-vacuum-hBN/Ni in PC 

state for spin-up and spin-down electrons. The hBN at the interfaces distance of Ni/hBN-

vacuum-hBN/Ni MTJ was made same with Ni/3hBN/Ni MTJ. This result shows that the wide-

gap insulator of hBN can never be treated as a vacuum for the conducting electron. This result 

also indicates that the high transmission probability peak of the spin-down electron in the PC 

state found in the 3hBN, 4hBN, and 5hBN system comes from the proximity effect, which works 

on middle hBN.



Figure S2. The local density of states (LDOS) of insulator barrier of (a) Ni/3hBN/Ni and (b) 

Ni4hBNNi (only middle hBN shows in the graph) when upper and lower Ni slabs in anti-

parallel configuration (APC). 
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