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I. COMPUTATIONAL DETAILS

We performed density functional theory-based first-principles calculations as implemented in Quantum ESPRESSO 1!
We performed the calculations without spin-orbit coupling effects. The antiferromagnetic ground state was obtained
using ultra-soft pseudopotentials under generalized gradient approximation with Perdew—Burke—Ernzerhof type of
exchange-correlation functional 23 The kinetic energy cut-off of 65 Ry and charge density cut-off of 780 Ry were
used with a Monkhorst-Pack grid (k-mesh) of 12 x 12 x 84 High electronic self-consistency convergence criteria of
at least 10719 were followed in all the calculations. The antiferromagnetic ground state of RuOs was obtained by
implementing Hubbard U with GGA for Ru atoms with U = 2 eV and Jg = 0.15U. After these calculations, we per-
formed wannierization for all the systems using Wannier90 codeS In the wannierization process, the disentanglement
procedure was followed with convergence criteria of 107!, For LaMnOj3 the projectors used were for Mn sites d,z,
dgy; for MnTe the projectors were for Mn sites d and for Te sites p; and for RuO, the projectors were for Ru sites
dzy, dez, dy. and for O sites p. The exact tight-binding Hamiltonian generated from wannierization was then used to
calcu&mte the altermagnetic surface states using semi-infinite Green’s function approach implemented in WannierTools
code.”

We have tested the slab calculations for different slab thicknesses of 5, 10, 15 and 20 repetitions we do not find any
appreciable difference in the altermagnetic spin-splitting except for the number of bands as evident from Fig.
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FIG. S1. Slab band structures for (a) spin-up channel and (b) spin-down channel of MnTe for different slab thickness.

II. NOTATIONS AND STRUCTURAL DETAILS

Within this paper, (xyz) is the notation to describe the surface plane, while [xyz] is the notation for the direction
orthogonal to the surface plane. We report the crystal symmetries and the structural details of the investigated com-
pounds for a complete understanding of the surface orientations described in the main text. The crystal structures
are presented in Fig. The Bravais lattice vectors for space group no. 62 are a;=(a,0,0), a2=(0,b,0) and az=(0,0,c)
while the reciprocal lattice vectors are blz(%,0,0), bQZ(O,QTTr,O) and b3=(0,0,27“). The Bravais lattice vectors for
space group no. 136 are a;=(a,0,0), ap=(0,a,0) and az=(0,0,c) while the reciprocal lattice vectors are blz(%ﬂ,0,0),
bgz(O,%’r,O) and b3:(0,0,27”). The Bravais lattice vectors for space group no. 194 are a1:(%7a73,0), ar,= (%,—“23,0)
and ag= (0,0,c). The reciprocal lattice vectors are by= (%’T,f—\’/%,()), bo= (%’T,f%,O) and b= (0,0,2%). The [110]
k-space direction is parallel to the vector by +b2:(47”,070).




FIG. S2. Crystal structures for a) hexagonal MnTe (yellow balls are Mn and blue balls are Te), b) orthorhombic LaMnOs3
(orange balls are La, yellow balls are Mn, and green balls are O) and c) tetragonal RuO2 (purple balls are Ru and green balls
are O) obtained from the materials project repository.

The lattice parameters for the three systems under consideration were obtained from the materials project
repository?. The optimized lattice parameters used for MnTe were a=4.107 A and ¢=6.467 A. For LaMnOs we
used the Pbnm setting® with a=5.585 A, b=5.871 A and ¢=7.777 A while for RuO; we performed the calculations
with a=b=4.482 A and ¢=3.111 A. MnTe and RuO, have two magnetic atoms in the unit cells, therefore only one
antiferromagnetic configuration is possible. LaMnQOj3 is an orthorhombic perovskite with the four Mn magnetic atoms
in the 4b Wyckoff positions, the A-type magnetic order consists of the 2 Mn atoms at z=0 with spin-up and 2 Mn
atoms at the reduced coordinates z=0.5 with spin-down.,

III. SURFACE UNCOMPENSATED MAGNETISM ON (001) SURFACE OF MINTE
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FIG. S3. Asymmetric and stoichiometric slab of MnTe with (001) surface orientation. Red and blue balls represent the spin-
down and spin-up Mn atoms, while green balls represent the Te atoms. The surfaces are inequivalent, the top surface ends
with oxygen while the bottom surface ends with Mn.

The spin-up channel and spin-down channel surface states of the (001) surface orientation of MnTe slightly differ
due to surface uncompensated magnetism. Indeed, the (001) slab is asymmetric as we can see in Fig. The
two terminations of the slab (top and bottom) are inequivalent, therefore, the spin-up and spin-down channels are
inequivalent. The surface band structures for the spin-up and spin-down channels and for top and bottom surfaces
are reported in Fig. [S4 We can observe minor differences among all cases. In the case of DFT simulations with a
symmetric slab (that however will not preserve the stoichiometry), we would recover the symmetries observed in the
RuOs case.

The same effect of the surface uncompensated magnetism is present on the (001) surface of LaMnOs, however, the
altermagnetic spin-splitting in LaMnOQOj is one order of magnitude smaller than MnTe, therefore, this uncompensated
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FIG. S4. Electronic surface states of MnTe along the k-path L;-T-L for the (a,b) spin-up channel projected on the (001)
surface orientation for the (a) top and (b) bottom surfaces, respectively. (c,d) The same for the spin-down channel. Due to
the surface uncompensated magnetism, all these surface band structures are different. The Fermi level is set to zero. In the
surface band structure, the red color means large spectral weight while the blue color means zero spectral weight.

magnetism effect is not appreciable in LaMnOs.

IV. (110) SURFACE: THE NON-ALTERMAGNETIC SURFACE OF MINTE
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FIG. S5. Non-altermagnetic surface states of MnTe shows that the surface states for spin-up channel and spin-down channel
are indistinguishable.
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