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Abstract

Spin splittings and associated spin textures play a pivotal role in spintronics application (e.g.,
charge-to-spin conversion). The role of crystal symmetries in determining spin polarization
through spin-orbit coupling (SOC) is established in pioneer works by Dresselhaus and Rashba.
Nevertheless, the practical use of these materials in spin transport is constrained by the SOC-
induced spin dephasing mechanisms. In addition, the toxicity, rarity, and instabilities of mate-
rials containing heavy atoms are also challenging. The materials with uniform spin configura-
tions in the momentum space, termed as persistent spin texture (PST), provide nondephasing
spin transport. However, PSTs observed in the regime of linear (in k) splitting and exist locally

in Brillouin zone (BZ).

Here, we report first-principles density functional theory simulation and symmetry-based
k-p analysis to obtain novel spin-splitting mechanisms with nontrivial spin textures in magnetic
and nonmagnetic crystalline materials. We demonstrate full-plane PSTs in the regime of purely
cubic spin splitting protected by the in-plane mirror and threefold rotation symmetries. A large
class of experimentally synthesized bulk materials shows cubic-ordered PSTs with D3j, and Cy),
point group symmetries. Moreover, o, symmetry enforces the spin textures of two-dimensional
(2D) materials to the out-of-plane direction in the entire BZ. Our calculations demonstrate that

it is local site symmetries that determine the nature of spin splittings and PSTs.

Structural symmetry can be varied using external perturbations, i.e., electric and strain
fields, to modulate the spin and valley physics in 2D materials. By performing DFT calculations
on monolayer MSi;N, (M=Mo, W), a prototypical septuple atomic layered two-dimensional
material, we demonstrated that Rashba splitting can be induced by breaking the o}, through an
out-of-plane external electric field and chemical substitution of elements (Janusization). The
low energy electron and hole valleys drift far off the K/K’ point under uniaxial strains. The
direction and strength of valley drift strongly depend on the nature of the charge carrier and

uniaxial strain with a more substantial response along the zigzag path. The changing geometric
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properties of Bloch states affect the Berry curvatures and circular dichroism. Specifically, Berry
curvature dipole is significantly enhanced under the tensile strain along armchair and zigzag di-
rections. Meanwhile, the particle-hole asymmetry arising from nonequivalent electron and hole
valley drifts relaxes the selection rules, thus reducing the degree of circular polarization up to
~0.98. Therefore, strain engineering of valley physics in the monolayer MSi;Ny is of prime
importance for valleytronics.

Recently, antiferromagnetic (AFM) materials have emerged as viable substitutes for non-
magnetic and ferromagnetic materials, benefiting from resilience towards stray fields, ultra-
fast dynamics, magnetotransport effects, and lack of susceptibility to magnetic perturbations.
Centrosymmetric antiferromagnetic semiconductors, although abundant in nature, appear less
favorable in spintronics owing to the lack of inherent spin polarization and magnetization. We
unveil hidden Zeeman-type nonrelativistic spin splitting (NRSS) in layered centrosymmetric
antiferromagnets with asymmetric sublayer structures through first-principles simulations and
symmetry analysis. In addition, we demonstrate a paradigm to harness NRSS by twisting the
bilayer of centrosymmetric antiferromagnets with commensurate twist angles. We observe
spin-momentum locking by first-principles simulations and symmetry analysis on prototypi-
cal MnPSe; and MnSe antiferromagnets. The strength of NRSS (up to 80 meVA) induced by
twisting is comparable to SOC-induced linear Rashba-Dresselhaus effects. The results also
demonstrate how applying biaxial strain and a vertical electric field tune the NRSS. The design
principle to obtain Zeeman-type splitting in centrosymmetric antiferromagnets established here

expands the range of materials to look for spintronics.
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o fRafd sik Tefdra fue dauard, srufd Hifen wiM H U ufeRIsoIe Aoy o faarur,
eI ST (3T, ATol-¢- R wiast) H He@yul YHewT fAurd | | fhea gafifaat
B YT, foeT ey fRuA-siffde Hi@i (soc) & Arerd ¥ fya tiarigeeq &1 FuRur s
o8, 38 SUEIY 3R =1 GRT U 7T Y il § WM 81 778 8 | BTetiich, 1 AT b1
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gl S fRR f9 TR (PST) 8T 9T 3, FRR f-3fiey A%fisH & Aregw 3
AHBRY BRI (T Sa-ThTd UaH SRl ¢ | ST, 36 A 31T B T8 SHABIY PSTs Bl
kﬁWﬁﬁWﬂW%hW%ﬁ?ﬁWﬁWﬁ@ﬁ%%W
R Y ¥ 3f&TadH 8 9rdl & el 83 (B2) &1

TgT, 89 Ugq-Rigid Rmaz ik RAd-snulka k. p fazdwor &1 IugiT w=d g dife
GBI 3R TR THHM! B SRR R TRTa™ o 91y -7¢ fA-fRafe A -em ura
fu ST 9 | 89 T-dd PSTs &1 UHA Bt RUIE IR € S had agfah & fafdr ax o
T dRE q TN W1 3R ©, RO 39-WH FRR (03,) 3R -t 997 () g1 Uaiedt fobam i 31
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A 3feg PRl 8 1 gARI UMY fevareh € b e =g =i gafhifeet § i R Rafe ¢k
PSTs @1 Uhfd o1 FuRor et €1

TS gaiafa & fafte s1iie uyial &1 I w1 & T sear &1 I g,
ISR & R, TAfGReS 3R TG &1 BT IUANT B35 2D TR} § R ok et 4t
D gHEIfed B & Il | HFIER MSiaNy (M=Mo, W) TR U9 HIaHD RIGId (DFT) TS
PP, U IAIEUIY IR HUIfdh TR 1 2D AR, g, Pl b Hoh I8 SAldedh bice
3R a<al & = & IuTT ¥ I=MET Rafe 9Ra forar S T g1 HH SHolf gaae i 3R 8
It fox i WA & dgd K/K fig & agsient ga1d & ded g aal Irdl ¢ | dait ga &1
fa=m SR drerd &1 ufdgd ST Ry & A1y 31fie RR ufafesar & Ay, smuia g1 gAR
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THRR SR formenT femmsii & a1y a-ra RUfY & d8d a1 daoR Sreuld Il & JURT
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efR-¢fR =i el B, o Ryt & fexn & IrseeRk tieRisoH &t i &Y ~0.98 dh
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