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Due to groundbreaking advantages, antiferromagnetic offers superior prospects for the next-

generation memory devices. However, detecting their Néel vector poses great challenges. 

Mn3ZnN, an antiperovskite antiferromagnetic, breaks TPτ and Uτ symmetries, exhibiting k-

resolved spin polarization at Fermi surface. It’s ideal for electrodes to generate tunneling 

magnetoresistance (TMR) effects, which hinges on electrode-barrier compatibility. Testing 

various insulators, we obtained 2000% TMR effects in Mn3ZnN/SrTiO3/Mn3ZnN. Additionally, 

applying 2% biaxial stress increased the spin polarization to 35.24% in Mn3ZnN, hinting at 

higher TMR potential. These findings provide valuable insights for experimental and industrial 

developments in the field of spintronics. 
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Antiferromagnetic (AFM) is gradually replacing ferromagnetic (FM) as the ideal material for 

the storage cells in the next-generation memory devices due to their near-zero net 

magnetization and rapid spin dynamics1),2), which enables spintronic devices a larger storage 

density and faster in reading and writing speed. TMR effect, known as one of the methods to 

detect the Néel vector i.e., the magnetic moment configuration, has a great deal of advantages 

such as a much larger electric signal when compared to the method of anisotropic 

magnetoresistance3),4) and a smaller device footprint as through spin-Hall effect5),6). 

Historically, the TMR effect was produced in ferromagnetic tunnel junctions, in which 

insulator barriers were sandwiched by two FM materials7)-10) and the magnitude of TMR effect 

was calculated in practical as: 𝑇𝑇𝑇𝑇𝑇𝑇 = � 𝐺𝐺𝑃𝑃
𝐺𝐺𝐴𝐴𝐴𝐴

− 1� × 100%11). Notably, numerous FMTJs, like 

CoFe/AlOx/CoFe7) and CoFeB/MgO/CoFeB12), exhibit excellent TMR ratios of hundreds 

percents. 

However, due to spin degenerate, detecting the magnetic configuration through TMR effect 

has been challenged in conventional AFM like MnPt and CuMnAs13)-15). Recent breakthroughs 

are transforming this landscape. AFMs have been reported with can induce spin-splitting band 

structure even without spin-orbit coupling when breaking specific symmetry operations (TPτ 

and Uτ symmetries)15),16), where T represents time reversal operation, P is space inversion 

operation, U stands for spinor symmetry and τ is lattice translation. There are bunches of AFM 

exhibit k-dependent spin-splitting in moment space. Recently, Dong et.al. have predicted that 

antiferromagnetic tunnel junctions (AFMTJs) based on spin-splitting Mn3Sn, exhibit 100% 

TMR effects using HfO2 as potential barriers17). Remarkably, the TMR effect has been verified 

in experimental of 100% at room temperature in MnPt/Mn3Pt/MgO/Mn3Pt AFMTJ18). 

Meanwhile, AFMTJs with the structure of RuO2/Barrier/RuO2 has been reported of 100% TMR 

effect19),20). Gautam Gurung et.al. predicted huge TMR effects in AFMTJs based on Mn3GaN21), 

implied that TMR effect using AFM as electrodes has a lot of prospects yet to be discovered. 

The recent research realized that, in noncollinear AFM, TMR effects stem from the mismatch 

of the spin texture between the electrodes since spin is no longer a good quantum number. 

Considering the impact of insulator barriers, TMR effects can reach up to a huge magnitude or 

reduce to almost none18), which depends on the lowest decay rates of the potential barriers in 
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2D Brillouin zone. 

In this article, we focus on the antiperovskite antiferromagnet Mn3ZnN. This material, 

characterized by the magnetic ground state of Γ5g22),23), boasts a host of remarkable properties, 

including anomalous Hall effect24)-26), strong magnetocrystalline anisotropy27), magneto-

optical effect24) and anomalous Nernst effect28), all of which have been reported recent years. 

Due to its spin-polarized band at the Fermi energy, we constructed the AFMTJs based on 

Mn3ZnN electrodes to analyze the TMR effects compared with various insulator barriers. After 

we selected SrTiO3, one of the most common materials in experiment, as barriers to calculate 

the TMR effects, we concluded that huge TMR effects results from the suitable of electrodes 

and barriers. Furthermore, we tested the spin polarization of the Mn3ZnN under different 

biaxial stresses and obtained a maximum spin polarization of 35.24% at 2% stretching. 

As illustrated in Fig. 1(a), noncollinear antiferromagnetic Mn3ZnN, whose lattice constant 

is 3.902 Å29), belongs to antiperovskite structure. The magnetic space group (MSG) of Mn3ZnN 

is R-3m, with the corresponding atoms position shown in TABLE SI in the Supplementary 

materials. The yellow and green vectors in Fig. 1(b) and 1(c) indicate the magnetic 

configurations of the two energy-equivalent ground states (positive and negative states) of 

Mn3ZnN, in which the magnetic moments are within the (111) lattice plane with the adjacent 

Mn atom spin moment of 120 degrees angle. As mentioned earlier, the TMR effect of AFMTJs 

relies on the spin polarization of the antiferromagnetic electrodes, especially at the Fermi 

energy. Here, as shown in Fig. 1(e) and 1(f), through first principles calculations, we 

demonstrate the spin expectation value <σx>, <σy> and <σz> projected band structure of bulk 

Mn3ZnN, in which spins are polarized in the Brillouin zone along some high symmetric paths30). 

The details of the calculations can refer to the Note 2 in the Supplementary materials. Moreover, 

the magnitude of the spin-splitting is significantly different in various paths according to some 

symmetry operation, e.g., huge along Γ-X-M, while hardly at all along M-Γ referring to the 

<σz> projected band structure of Mn3ZnN, demonstrated in the right panel of the Fig. 1(e) and 

1(f). The invisible spin-polarization of the <σz> along M-Γ is induced by the mirror plane 

shown in the Fig. 1(a), in which the MZM[110] and MZM[−110] operates as follows: 

MZM[110](kx, ky, kz ; σx, σy, σz) = (−ky, −kx, −kz ; −σy, −σx, −σz) 
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MZM[−110](kx, ky, kz ; σx, σy, σz) = (ky, kx, −kz ; −σy, −σx, −σz) 

Where kx, ky and kz are the coordinates in the Brillouin zone, while σx, σy and σz represent the 

component of spin expectation value in Cartesian coordinates. The mirror symmetric operation 

restricts the band structures along the M-Γ line to be spin-degenerate. In addition, all of the 

spin expectation values have reversed when flipping the magnetic moment at the corresponding 

k-points, enhancing TMR effects when utilized as electrodes in AFMTJs. 

 

Fig. 1(a) Mirror operations representation on the top view of the bulk Mn3ZnN. (b-c) Atomic structure 

of noncollinear antiferromagnetic Mn3ZnN under positive and negative magnetic configuration. (d) 

High symmetric line in the Brillouin zone of the Tetragonal phase. (e-f) Band structure with projected 

spin expectation value <σx>, <σy> and <σz> (from left to right) of Mn3ZnN under positive and negative 

magnetic configuration. 

Apart from the spin-polarized electrodes, the TMR effect is strongly influenced by the 

potential barrier. Sometimes an improper insulator can result in an almost negligible TMR 

effect, which primarily due to inevitable interface roughness arising from lattice constant 

incoherence between electrodes and barriers, or a mismatch between the lowest decay rates of 

evanescent states in barriers and spin-polarization in electrodes within the 2D Brillouin zone18), 

which severely hampers the application of AFMTJs. 

To access the impact of various potential barrier on transmission, we employed the factorized 

transmission function T(k||), which has the format as follows31),32): 

𝑇𝑇𝜎𝜎(𝒌𝒌∥) = 𝑡𝑡𝐿𝐿𝜎𝜎(𝒌𝒌∥) exp[−2𝜅𝜅(𝒌𝒌∥)𝑑𝑑] 𝑡𝑡𝑅𝑅𝜎𝜎(𝒌𝒌∥), (1) 
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Where κ is the smallest decay rates of the evanescent states, d stands for the thickness (in the 

units of Å) of the potential barriers, 𝑡𝑡𝐿𝐿𝜎𝜎(𝒌𝒌∥)  and 𝑡𝑡𝑅𝑅𝜎𝜎(𝒌𝒌∥)  represent the surface transmission 

function of the left and right electrodes, respectively. As illustrated in Fig. 2(a), when electrons 

are transported from left to right lead and encounter the two interfaces, they will be tunneled 

as follows32): 

𝑡𝑡𝐿𝐿𝜎𝜎(𝒌𝒌∥) = ��
𝐿𝐿𝑜𝑜𝑜𝑜𝑜𝑜
𝐿𝐿𝑖𝑖𝑖𝑖

�
2

𝑖𝑖𝑖𝑖

, 𝑡𝑡𝑅𝑅𝜎𝜎(𝒌𝒌∥) = ��
𝑅𝑅𝑜𝑜𝑜𝑜𝑜𝑜
𝑅𝑅𝑖𝑖𝑖𝑖

�
2

𝑜𝑜𝑜𝑜𝑜𝑜

, (2) 

Where 𝐿𝐿𝑜𝑜𝑜𝑜𝑜𝑜, 𝐿𝐿𝑖𝑖𝑖𝑖, 𝑅𝑅𝑜𝑜𝑜𝑜𝑜𝑜 and 𝑅𝑅𝑖𝑖𝑖𝑖 are the amplitudes of the tunneling eigenstates according to the 

incident and outgoing waves at the left and right interfaces. 

In order to prevent the considerable interface roughness, dislocations and other defects 

caused by the large lattice mismatch of the electrodes and barriers during the growth in 

experimental, we have screened some insulators with ab-axis lattice constant close to those of 

Mn3ZnN from Crystallography Open Database33),34). As demonstrated in Fig. 2(b), all suitable 

insulating materials were categorized into five sections, and the TMR ratio in the AFMTJs 

based on Mn3ZnN electrodes was estimated using equation (1). For clarity, all of the TMR ratio 

were normalized with the value derived using SrTiO3, one of the most common materials in 

experiments, as potential barriers. Among these materials, relatively high TMR effects were 

observed with barriers such as SrHCl, NaCuSe, ZnK2F2, SrTiO3, and CaZrO3 etc., suggesting 

their suitability with Mn3ZnN. 
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Fig. 2(a) Schematic diagram of the tunnel junction, in which the yellow parts represent the electrodes, 

while the green part stand for the area of potential barrier with the thickness of d Å. (b) TMR effects 

using various insulator barriers under the normalization of TMR ratio estimated in 

Mn3ZnN/SrTiO3/Mn3ZnN. 

In order to learn more about the essence of the large TMR effects, we selected one of the 

suitable materials, SrTiO3 as a representative material for analysis. Although some insulators 

mentioned in Fig. 2(b) have the ability to exhibit huger TMR effect, experimentally perovskite 

grows more maturely on Mn3ZnN, the antiperovskite substrates. 

Subsequently, we constructed the AFMTJs based on Mn3ZnN electrodes with SrTiO3 as 

insulating barriers. As illustrated in Fig. 3(a), the schematic of the Mn3ZnN/SrTiO3/Mn3ZnN 

structure is the result of energy competition at the interface, which demonstrated in Fig. S1(b) 

of Supplementary materials. We determined the most energy-stable interface distance to be 2.1 

Å. 

Employing first principles calculation with linear ballistic conductance35),36), we calculated 

the TMR ratio of AFMTJs based on Mn3ZnN with SrTiO3 as insulator barriers in parallel and 

antiparallel configurations. The calculated GP/GAP in Mn3ZnN/SrTiO3/Mn3ZnN can reach up 

to 20.64, corresponding to a conventional TMR ratio of 2000%, significantly larger than 

previously predicted TMR effects17),18). The tunneling conductance in a unit area can be 

transformed by the k-dependent transmission like this21): 

𝐺𝐺 =
𝑒𝑒2

ℎ
1

(2𝜋𝜋)2 �𝑇𝑇(𝒌𝒌∥)𝑑𝑑𝒌𝒌∥ , (3) 

Where 𝑇𝑇(𝒌𝒌∥) is the k-dependent transmission in AFMTJs. As depicted in Fig. 3(e) and 3(f), the 

transmission within the 2D Brillouin zone distribution significantly decreases when the 

magnetic configuration switches to antiparallel, particularly for certain k-points near half the 

distance from edge to the Γ-point. This phenomenon arises due to the combined effects of p 

from Mn3ZnN and κ from SrTiO3 within the 2D Brillouin zone. 
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Fig. 3(a) Schematic of the AFMTJs based on Mn3ZnN with SrTiO3 as potential barriers, in which the 

same magnetic configuration of the two leads for parallel configuration, while opposite for antiparallel 

states. (b) LDOS of the AFMTJs corresponding to (a), the vertical yellow line divided the x axis into 

left lead, insulator barrier and right lead area, respectively. The green dash line represents the Fermi 

energy. (c-d) Transmission of the Mn3ZnN/SrTiO3/Mn3ZnN for parallel and antiparallel state. (e) k-

dependent spin polarization distribution of bulk Mn3ZnN. (f) k-dependent lowest decay rates of 

insulator SrTiO3 in 2D Brillouin zone. 

As for the spin polarization, in collinear materials, the tot spin channels are summed as 

𝑠𝑠𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑠𝑠𝑁𝑁↑ + 𝑠𝑠𝑁𝑁↓  since the spin operator is a good quantum number. Here, 𝑠𝑠𝑁𝑁↑  and 𝑠𝑠𝑁𝑁↓  represent 

the spin channels for up (↑ ) and down (↓ ) spins, respectively. As the representation of the 

magnitude of spin-splitting, spin polarization, in collinear system, has the following definition: 

𝒑𝒑𝒌𝒌∥ =
𝑠𝑠𝑁𝑁↑ (𝒌𝒌∥) − 𝑠𝑠𝑁𝑁↓ (𝒌𝒌∥)
𝑠𝑠𝑁𝑁↑ (𝒌𝒌∥) + 𝑠𝑠𝑁𝑁↓ (𝒌𝒌∥)

, (4) 

Where p denotes the spin polarization, and 𝒌𝒌∥ represents k-resolved in the Brillouin zone. The 

net spin polarization in the entire Brillouin zone is a sum of 𝒑𝒑𝒌𝒌∥, i.e., 𝒑𝒑 = ∑ 𝒑𝒑𝒌𝒌∥𝒌𝒌∥ 𝜔𝜔𝒌𝒌∥. Where 

𝜔𝜔𝒌𝒌|| represents the weight of corresponding k-points in the Brillouin zone. 

However, in noncollinear systems, the spin operator is no longer a good quantum number 
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and has the format of vector including sx, sy and sz. Therefore, spin polarization at a single k-

point is defined as: 

𝒑𝒑𝒌𝒌∥ =
𝒔𝒔(𝒌𝒌∥)
|𝒔𝒔𝑛𝑛| , (5) 

Here, 𝑠𝑠𝑛𝑛 is the normalized spin vector, and the net spin polarization in the entire Brillouin zone 

also formulates: 𝒑𝒑 = ∑ 𝒑𝒑𝒌𝒌∥𝒌𝒌∥ 𝜔𝜔𝒌𝒌∥ . As demonstrated in Fig. 3(e), utilizing first principles 

calculations, we observed a considerable spin polarization of 32.08% in cubic Mn3ZnN, the 

distribution of which shows a significant spin polarization near the four edges and in a large 

area around Γ-center. 

In terms of the κ in barrier materials, Fig. 3(f) illustrate the distribution of the lowest decay 

rates of the evanescent states, i.e., the smallest imaginary part of complex band κ in the 2D 

Brillouin zone of SrTiO3. Notably, a cross-shaped pattern of lower decay rates is observed near 

the Γ-point and likewise in a large area of the four corners. The combination of the κ of SrTiO3 

and the p of Mn3ZnN contribute to considerable TMR effects, as mentioned of 2000%. The 

distribution of κ for all insulators mentioned in Fig. 2(b) has been detailed in Fig. S2 of the 

Supplementary materials in which κ influences the transmission via the term exp[−2𝜅𝜅(𝒌𝒌∥)𝑑𝑑] 

in formula (1), and the barrier's thickness directly correlates with transmission. Meanwhile, as 

depicted in Fig. 3(b), we computed the layer-resolved density of states (LDOS), which indicates 

that the Fermi energy of the tunnel junction falls within the bandgap of the insulator barrier 

SrTiO3. 

To access the impact of d in equation (1), we investigated the effects of reducing the 

thickness of the SrTiO3 layer in AFMTJs based on Mn3ZnN, which resulted in a reduction of 

the TMR ratio from 2000% to approximately 1300%, corresponding to a decrease in SrTiO3 

thickness from 1.6 to 0.8 nm. Thinner barriers in the AFMTJs provide insights into the intrinsic 

transport abilities of the electrodes themselves, and the lower TMR effect value reiterates that 

SrTiO3 is a suitable insulator barrier when used with Mn3ZnN in AFMTJs to facilitate electrical 

transport capacity throughout the Brillouin zone. 

The transport abilities of Mn3ZnN can be expressed by the spin polarization within the 

Brillouin zone. Thus, we investigated the 𝒑𝒑𝒌𝒌∥ under the biaxial stress ranging from -5% to 5% 
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to show the impact of electrodes. As depicted in Fig. 4(a), the spin polarization across the 

Brillouin zone increases to 35.24% when the ab-axis is stretched to 2%, followed by a decrease 

upon further stretching, while remaining relatively insensitive to biaxial compression. The 

maps of the spin polarization in Fig. 4(b-c) reveal that at 2% biaxial stress, significant spin 

polarization is observed at crossroads as well as the center area, aligning remarkably well with 

the extremely low κ in the center region of SrTiO3, which holds strong promise for producing 

giant TMR effects. Meanwhile, the reduction in the total spin polarization under 4% and 5% 

stretch is attributed to the large purple regions in Fig. 4(c), where none of the bands cross the 

Fermi energy. 

 

Fig. 4(a) Variation of spin polarization of the bulk Mn3ZnN at the Fermi energy with biaxial stress from 

-5% to 5%. (b-c) Spin polarization distribution in the 2D Brillouin zone with the compression from -5% 

to -1% in (b) and stretch from 1% to 5% in (c). 

Finally, we calculated the TMR effect in the AFMTJs based on Mn3ZnN under a 2% biaxial 

stress, with shorter SrTiO3 barrier of 0.8 nm mentioned above. This configuration exhibits a 

better response to the properties of electrodes. Notably, as demonstrated in Fig. S3 in 

Supplementary materials, upon integrating the transmission across the Brillouin zone, the TMR 

ratio experienced a tremendous boost, increasing by fivefold compared to AFMTJs based on 

original Mn3ZnN, reaching 6000%. This result strongly validates the premise that a larger spin 

polarization contributes to a better TMR effect. 
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In summary, due to TPτ and Uτ symmetries breaking, Mn3ZnN, an antiperovskite AFM 

exhibits k-resolved spin polarization suitable for use as electrodes in AFMTJs to detect Néel 

vector through TMR effects. Following extensive testing of insulators, we selected SrTiO3 as 

barriers. Using density functional theory and linear ballistic conductance formula, we 

calculated a TMR ratio of up to 2000% in AFMTJs based on Mn3ZnN. Furthermore, we 

estimated the spin polarization of bulk Mn3ZnN under biaxial stress, finding that at 2% stretch, 

the spin polarization can reach up to 35.24%. Importantly, the distribution of spin polarization 

in 2D Brillouin zone closely matches the lowest decay rates of SrTiO3, suggesting that AFMTJs 

based on 2% stretched Mn3ZnN with SrTiO3 may achieve even higher TMR effects. These 

findings and underlying principles offer valuable insights for the experimental and practical 

development of spintronics devices based on AFMTJs. 
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