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Abstract

Co-based Heusler alloys are among the leading material classes for achieving the desirable physical
properties required in spintronic memories, such as very high spin polarization with half-metallic
character, high Curie temperature, low damping parameter, large magnetic anisotropy, etc. However,
all these properties are highly sensitive to the structural phase of the Heusler alloy, and the presence of
structural imperfections can significantly alter them. It is noteworthy that, owing to the thermodynamic
synthesis conditions, structural imperfections are almost inevitably present in experimentally
fabricated Heusler alloys. Therefore, to develop these materials as viable candidates for spintronic
memory applications, their structural, electronic, and magnetic characteristics must be thoroughly
understood and optimised in the presence of various kinds of structural imperfections. The present
thesis examines the impact of various structural imperfections - namely point defects, lattice
distortions, surface terminations, and interface formations - on the physical properties of two
technologically important Co-based Heusler alloys: CooMnAl and CoFeCrGa. The investigated
properties include the electronic structure, magnetism, magnetic anisotropy, anomalous Hall
conductivity, and spin Hall conductivity. These physical properties have been computed using density
functional theory in combination with Wannier-interpolation-based tight-binding methods.

Regarding the structural imperfections within CooMnAl Heusler alloy, it is observed for a broad
range of the point defects - including B2-disorder (Mn-Al swap disorder), binary antisite disorders
(Copmn, Copy, Mgy, My, Alg,, and Alyy,), ternary antisite disorders ((Mng, + Alg,), (Copmy + Alyn),
and (Cop; + Mny,)) - the electronic nature and total magnetism are nearly unchanged and closely
resemble those of the bulk Co,MnAl, independent of defect concentrations. In contrast, the presence
of vacancy defects (Vc,, Vi, @nd V) results in drastic modifications to both electronic and magnetic
properties, with a strong dependence on the types and degree of vacancy defects. In the presence of
lattice distortions, the compressive uniform strains and tetragonal distortions with small distortion
values (JAc/al < 0.1) did not affect the electronic structure and magnetic properties; on the other hand,
tensile uniform strains and the tetragonal distortions with the larger distortion values induce substantial
alteration in the electronic structure and magnetic properties. Analysis of various surface geometries
of CooMnAl with (100)-, (110)-, and (111)-orientations revealed that the several surface geometries,
such as - MnAl-(100), CoCoMnAlI-(110), Al-(111), and Co-Mn-(111), retain bulk-like electronic
behaviour, with MnAl-(100) and Co-Mn-(111) surface geometries also exhibiting out-of-plane

magnetocrystalline anisotropy. In contrast, CoCo-(100), Mn-(111), and Co-Al-(111) surfaces show



notable deviations in electronic character, including a transition from bulk-like nearly half-metallic
behaviour to metallic behaviour. Concerning magnetization, all surface geometries except Al-(111),
the total magnetization is enhanced relative to bulk CooMnAl, due to modifications in the atomic
magnetic moments in the proximity of near-surface atoms. On the other hand, Al-(111) surface shows
a reduction in magnetization, due to decreased atomic magnetic moments of near-surface atoms. For
the interfacial properties of Co.MnAl, different interfacial morphologies emerging from the
Co2MnAI/MgO and Co:MnAl/GaAs heterostructures have been examined. It is observed that
interfaces comprising Mn-, Al-, or MnAl-termination of the CooMnAl slabs largely preserve the nearly
half-metallic character of bulk Co.MnAl, whereas interfaces with Co- or CoCo-terminations of
Co2MnAl-slab exhibit significantly altered electronic properties. For magnetic properties, all
interfacial morphologies show enhanced magnetization as compared to bulk-slabs, regardless of their

atomic arrangements.

Considering all structural imperfections in Co2MnAl, these results collectively indicate that Co.MnAl
can preserve bulk-like physical properties even in the presence of most of the structural imperfections
studied. In other words, CooMnAl exhibits remarkable resistance against structural imperfections,
contrary to the typical behaviour of most of Heusler alloys, where the presence of structural
imperfections leads to the degradation of spintronic properties. Therefore, upon integrating Co.MnAl
as a ferromagnetic electrode in spintronic devices, its favourable bulk-like spintronic properties are

expected to be preserved.

In case of CoFeCrGa, uniform strain preserves its spin-gapless semiconducting nature, along with
magnetic isotropic nature, small anomalous and spin Hall conductivities. However, under tetragonal
distortion, the distorted structures show a nearly half-metallic or metallic nature, accompanied by a
very large magnetocrystalline anisotropy (=10° J/m?), large anomalous Hall conductivity, and moderate
spin Hall conductivity — and all these properties depending on the axial ratio (c/a) of the distorted
structures. In context of the thin-film, CoFeCrGa thin film displays a nearly half-metallic nature for
the (220) orientation. Thus, besides the spin gapless semiconducting nature for the Y-I ordered bulk
structure, CoFeCrGa exhibits favourable spintronic properties - even under lattice distortions and

surface termination - which underscore its promise for next-generation spintronic applications.

In summary, the findings of this thesis provide valuable insights into the tailoring of the physical
properties of experimentally realised (fabricated) bulk structures, thin films, and heterostructures of
CoMnAl and CoFeCrGa. Consequently, these results can also provide guidance for optimising the

performance of spintronic devices by employing these materials in spintronic memory technologies.
\'



aR

HIdTee-3MTRT TIIER (Heusler) FAIyUTdE Ruei-e A0 & fawads aie-ia Hifde o7 & U
FR o TP Tard a7 H 9 U §, o 1 - sref-enfeass et & Ty srafies S fam ydiawu, 3=
T aroH, fA9 SR (damping) TRTHreR, 3= e 1a fawmfe=mataar (magnetic anisotropy), 3T |
T, T it 7701 TgeR fRreTg & TREHTEHS a1 & Ui rfiies Yag-=id 8Id &, aul WRa-Hs
&rrpfawﬁ (structural imperfections) ﬁw@ﬁﬁw@w@%ﬁamm% g &M o
g g & Swmfae dxavo uRffadl & HR, wemeEs w0 9 A ggaer gt §
RS Jufard Ty Sifard U ¥ Iufyd gt 81 3ufon, 39 uerdf & Ruei-e JuR
VAT & fo aerd SMieaR! & ¥U H [AmRid 334 gq, [afid TR &1 IRaTdS Sguiarsi
D U | I TRTHD, (- qUT Gab 1 T[0T &HT T T8+ &I Ug FHEIfod fobar
ST AP & | TR MUUSY &f a1 U § Agayul DiaTee-TRd gguar Hyemgsi -
C02MnAIl TUT CoFeCrGa - & Hifad o1 tR faftrs Temreres srquiarstt, T - g a1 (point defects),
lattice distortions, surface terminations, TT interface formations, & THTd T LT Bl § | LT
fpu U Ul & Saidie e, dadhd, a1 fawAfaRITEddl, SRITHR (anomalous) Bid e,
Td & gd Tradar e g1 39 Wifde ‘IUﬁ CARIEIHY Density Functional Theory YT Wannier-
interpolation 3ATETRA tight-binding faferat & TaYS &1 IUTNT FRb B T3 B |

Co,MnAl ETHER fargurg # Ia-ea® Srquidrsii & Jgy & ag uram ma fos fig vl &1 uas faxga
uft - fSH B2-disorder (Mn-Al swap GI¥), binary antisite disorders (Copp, Coap, Mico, Mnay, Aleg, TUT

Alyy,), Ud ternary antisite disorders (Mngg + Alcy), (Copp + Alyyn), TUT (Coap + Mny))) M -F
foTe Saiae e Udhia aUT $d Jadhd TTHT SUNRafdd 8d & aUT Gy igdl 3 A THT Wad Bl bulk-
Co:MnAIl & 3I%Y U oTd & | 39 fausta, Rfqd al (Ve Vi, and V) Pt SRR SaaeiAeE aut
JIH T I F 3HAp TRT IO Bl 8, S RIKT SNl & YBR qUT 37! Tigarai W it
1R ST 81 Lattice distortions @1 IUfRfA H, compressive uniform strains dT B %@I%r =
(|Ac/a| < 0.1) AT tetragonal distortions ST T AT DT 0N Bl YHTAd 6! B, da!
M 3R, tensile uniform strains T4T S ﬁ?ﬁl 7! a1l tetragonal distortions E@IHEATVIEW TR YT
Y1 IO § Hg@yul URade I@d Bt g1 CoMnAl Bt (100)-, (110)-, 4T (111)-3ifHfa=mat
(orientations) 1 faf¥a surface geometries & fazqwor @ gg I g3l & 3 surface geometries, c |
- MnAlI-(100), CoCoMnAI-(110), Al-(111), T Co-Mn-(111), bulk-like ZaiaCHd TAEGR Pl §1Y

Vi



gt § o MnAI-(100) dYT Co-Mn-(111) surface geometries out-of-plane magnetocrystalline
anisotropy i Ueffd #xdl €1 $9& fIud, CoCo-(100), Mn-(111), TUT Co-Al-(111) surfaces
S Ul H Jeera-i1g faae Uaid ad g, ST H bulk-like TTHT-31¢f-¢Tfde SaeR § ¢1fdd
HAER @1 3R uRad- ot Tnfia B 1 Jepiavor & e o, Al-(111) B SrsdHR T4t surface geometries
o bulk-Co,MnAl &1 gaT & S JadbIhRul H gig 48! 715, ! HRUT Idg & T Ry IRATI[sH
& IRHT0GH G 1T 0T H URac g | gaRl 3R, Al-(111) surface GaHIHR01 & HH UERid Fxar
8, S surface & e YT RATYSH & S U WRHIMGD gadbIg YU & HRU I it o
Co2MnAI & interfacial Tﬁf% G{W%ﬁ Co2MnAI/MgO dYT CoMnAl/GaAs heterostructures BES{CP]
faf¥rd interfacial morphologies 1 fa=eivr fobar 7T | I8 U 7T fb Co,MnAl slab & Mn-, Al- 3fydl
MnAI-JHTOH TWH a1 interfaces, bulk-Co,MnAl & TRTHIT 37ef.enfcdh l'[Uﬁ DI BB §g db IRIerd
G §, Safds Co,MnAl slab & Co- 314aT CoCo-THIUA Y@ T interfaces 3eeia-1d ®0 § GRafd
gAdel-® 0 UeRid Hd g1 gadr o & GeH & Wt interfacial 3Mpfadl 3o atomic
arrangements ¥ T3, bulk-slabs @1 & H S¢T §31T a0 UG Bl & |

CoMnAl & forg quft TamraTss srguiarstt o ear & [ad gY, 3 UM Irfes U § Hobd Hd &
% Tg sregg o1 T3 SHfIGIY TR Jrquidraft &t IufRufa # off, Co,MnAl bulk-like Hifaes 7ot
DI WR&d 7@ Joha g1 31ufd, CooMnAl TS 3rqufarsit & ufd Seaiemig ufeRiY & ueiRid
FAT 8, Nfeb TABTRT ggHeR MAYTgsnt & TR FagR & fauid g, Sl TRaTead srufarsit &
JufRfa U< o1 & g &1 SR §9d1 gl 3, RU<iAd U0l & Co,MnAl HI Th
HRITVR® 3aacls & U H YRR B IR 39 SIHierd bulk-like R Ui & WRigr &=
DI U DI S Gl 5|

CoFeCrGa & fawd #, uniform strain 39! spin-gapless semiconducting EI?% TGRS ﬂaﬂﬂﬂ
Topid, a1 Y ST 3R fF gia araiemdrs, & Ty TRfgd & g | gTaife, tetragonal distortion
& Sffd, fagpd ATATE TTHT Sref- 1T S1UaT UTfddh SR, IS I guh 1 favafe=Tedal
(=10° J/m?3), I UTAT Bt Taehdl auT Ty f& gid araddl, & 91y UelRid #dt 8 - aur
Tt ur fadd WIS & axial ratio R AR &RA €1 Thin film & dg #, (220)-sfNfa=ama
(orientation) & fIW, CoFeCrGa-thin film, TTHT 3ref-enfass El?ﬁf T Rt 3l Y UDR, Y-I
ordered bulk structure & fal@ spin gapless semiconducting E@ﬁ & 3fdad, CoFeCrGa lattice
distortions T surface termination &1 JufRyfa o ﬂ-ﬁm SUNT] 31-j,dgf51d ‘IUTEIE'%WHT%
Sl 3Telt Uit o fRUeTep SruaiiTTl o foy SHep! HHTEISH 1 Y@ifehd HRAT & |

VIl




T H, 39 MYUSY o FT5HY Co,MnAl TUT CoFeCrGa & YIRS &4 ¥ Hidb1d (RfHd) bulk
structures, thin films T heterostructures & W@%W@WW@WWWW
g1 oRumrEET, & ey e 308 deififedl 8, g7 yarf &1 Swa e R
JUHRTN & U= & IHa gq AT Hft UgH R ¥dhd g
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cross symbols (%) are for the calculated energy values; while the
solid lines are for fitted energy values using the 3" order Birch-
Murnaghan equation of state.
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Figure 3.2

Figure 3.3

Figure 3.4

Figure 4.1

Figure 4.2

Figure 4.3

Plots of spin-polarised total and atomic-resolved (partial) density
of states for L2;1-ordered CooMnAl.

PDOS plots for the swapped atoms and their nearest neighbours
(arranged column-wise) for the most energetically favourable
configuration, the B2-25% disordered structure. Panel (a)
corresponds to the Mn atoms and panel (b) to the Al atoms. The
solid line denotes the PDOS for the different atoms in the
disordered structure, whereas the shaded region represents the
corresponding PDOS in the L2;:-ordered Co2MnAl.

Total density of states plots for (a) B2-12.5% disordered, (b) B2-
25% disordered, (c) B2-37.5% disordered, and (d) B2-50%
disordered Co2MnAl structures. The inset shows the magnified
region around the Er.

The DOS plots of various binary antisite-disordered and vacancy-
defected structures. The shaded cyan area represents the DOS of
ideal CooMnAl, while the solid red and blue lines represent DOS
for x = 0.0625 and x = 0.125, respectively. For the disordered
structure, the stoichiometric formula is given in the insight of each
graph.

The DOS plots of various ternary antisite disordered structures.
The shaded cyan area represents the DOS of ideal Coo,MnAl, while
the solid red for x = 0.0625. For the disordered structure, the
stochiometric formula is given insight of each graph.

The PDOS plots for the disordered (substituted) atom in binary
antisite disorders. The solid red lines represent PDOS for the
disorder atom, the shaded cyan area represents the PDOS for the
corresponding atom in the ideal Co.MnAl alloy. The
corresponding stoichiometric formula for the disordered structure
is given in the inset of each graph. It was found that where two
atoms were substituted, both substituted atoms have similar PDOS
in the case of the two atoms being substituted; therefore, PDOS for
only one atom is shown here. (Since, in the case of vacancy defects,
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Figure 4.4

Figure 4.5

Figure 4.6

Figure 4.7

Figure 4.8

Figure 4.9

Figure 4.10

the atom is absent at the defect site, therefore, PDOS plots for
vacancy defects are not provided.)

The PDOS plots for the disordered (substituted) atom in ternary
antisite disorders. The solid red lines represent PDOS for disorder
atom, the shaded cyan area represents the PDOS for the
corresponding atom in ideal CooMnAl alloy.

Atomic magnetic moments for the vacancy defected structures as
a function of distance from the vacancy site. The stoichiometric
formula for each defected structure, along with the total magnetic
moment, is provided in the inset of every plot. In the case of
disordered structures comprising two vacancy atoms, as depicted
in Figures 4.5(d)- (f); the upper x-axis represents the distance from
the second vacancy site.

(@) Relative formation energy, (b) total and atomic magnetic
moments, (c) spin polarization, and (d) minority valence band
maxima and minority conduction band minima for uniformly (or
isotropically) strained Co.MnAl alloy as a function of percent
change in unit-cell volume (AV/Vo = {V—V0}/Vo). The horizontal
short-dashed line in Figure 4.6 (d) indicates the Fermi level.

The DOS plots for -10%, -5%, 0%, 5%, and 10% (AV/Vo)
uniformly strained CooMnAl alloy. The red and blue solid lines
show the majority and minority DOS.

(@) Relative formation energy, (b) total and atomic magnetic
moments, (c) spin polarization, and (d) minority-spin valence band
maxima and conduction band minima as a function of c/a value for
tetragonal structures with Vo unit-cell volume. The horizontal
short-dashed line in Figure 4.8(d) indicates the Fermi level.

DOS plots for tetragonally distorted structures with c/a = 0.5, 0.8,
1.0, 1.2 and 1.5 with Vg unit-cell volume. The red and blue solid
lines show the majority and minority DOS.

Same as Figure 4.8, but here for the tetragonal structures with
(Vo—5%Vo) unit-cell volume.
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Figure 4.11

Figure 5.1

Figure 5.2

Figure 5.3

Figure 5.4

Same as Figure 4.8, but here for the tetragonal structures with
(Vo+t5%Vo) unit-cell volume.

Side- and top-views of the different CooMnAl surface slabs for: (1)
and (a) CoCo-(100) surface, (I1) and (b) MnAlI-(100) surface, (111)
and (c) CoCoMnAlI-(110) surface, (IV) and (d) Co-Mn-(111)
surface, (V) and (e) Al-(111) surface, (V1) and (f) Co-Al-(111)
surfaces, (VII) and (g) Mn-(111) surface. Atomic layers towards
the slab direction, from the top of the surface, are labelled as s, (s-
1), (s-3), etc. See text for more details on the slab modelling.

Schematic representation of the relaxed atomic positions of
different Co2MnAl surface slabs. The vertical axis shows the z-
component of atomic positions. The dashed lines indicate the
atomic planes within the non-relax slabs for the surface and other
subsurface layers. The red, blue and green cross symbols (%)
correspond to the relaxed-atomic positions of Co, Mn and Al in the
slab.

The calculated surface energy (eV/A?) of different surfaces as a
function of chemical potential of Co and Mn - (a) surfaces with the
negative surface energies - Co-Al-(111), Al-(111) and MnAI-(100)
surfaces, (b) surfaces with small positive surface energies - CoCo-
(100) and CoCoMnAI-(110) surfaces, and (c) surfaces with very
high positive surface energies - Co-Mn-(111) and Mn-(111)
surfaces. The surfaces are grouped into different figures according
to their range of surface energies range for plotting convenience.

(@) Spin resolved surface density of states of various Co.MnAl
surface slabs, projected exactly on top five atomic layers
considering that the surface-termination effects are significant only
up to the 5" layer. The zero energy is set to the Fermi level, and
the red and blue lines represent the spin-up and spin-down
projected DOS, respectively. (b) Atomic-resolved spin
polarization with respect to the slab layer index. The red circles,
blue diamonds and green tringles represent the atomic spin
polarization for Co, Mn and Al atoms in slabs, respectively.
Whereas the corresponding atomic spin polarization in bulk
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Figure 5.5

Figure 5.6

Figure 6.1

Figure 6.2

Figure 6.3

Co2MnAl of Co, Mn and Al indicated by red, blue and green
dashed lines.

(@) Atomic magnetic moment w.r.t slab layer index, with the
corresponding bulk values given by dashed lines. (b) The atomic-
resolved magneto-crystalline anisotropy (MCA) energy
(meV/atom) and MCA constant (mJ/m?) for slab atoms with
respect to slab layer index.

The orbital-resolved MCA for the different surface slabs with
respect to the slab layer index.

Various interfacial geometries for the Co.MnAI/MgO and
Co2MnAIl/GaAs heterostructures. The top row displays the side
views of the interfacial geometry, while the bottom row illustrates
the corresponding top views, when viewed along the vertical (out-
of-plane) direction. The labels associated with each image (in the
middle row) represent the nomenclature used for that particular
interfacial morphology, which is used to identify different
interfacial configurations. In particular, the letter B in parentheses
denotes the interfacial bridge-site configurations for the
Co2MnAIl/GaAs heterostructure. The adopted layer indices for the
heterostructures and different atomic symbols are indicated in the
figure's right corner.

Spin-resolved interfacial density of states (states/eV-atom) for
various Co2MnAI/MgO and Co.MnAl/GaAs heterostructures,
projected across seven layers of the heterostructure - comprising
five atomic layers from the Co.MnAl slab and two atomic layers
from the X (MgO or GaAs) slab, as the interfacial effects are
significant only within these seven layers. The Fermi level is set to
zero energy, and the red and blue lines correspond to spin-up and
spin-down projected DOS, respectively.

Atomic-spin polarization (AP) for different CooMnAI/MgO and
CooMnAl/GaAs  heterostructures  with  respect to the
heterostructure layer index. The red circles, blue diamonds, and
green triangles represent the AP for Co, Mn, and Al atoms in the
heterostructures, respectively. The corresponding APs in bulk
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Figure 6.4

Figure 7.1

Figure 7.2

Figure 7.3

CooMnAl for Co, Mn, and Al are indicated by red, blue, and green
dashed lines, respectively. In addition, the AP for Mg, O, Ga, and
As atoms in the heterostructures are represented by basil hexagons,
violet stars, basil pentagons, and violet squares, respectively. The
corresponding bulk values for Mg, O, Ga, and As atoms are not
shown here due to the very small PDOS at the Fermi level.

Atomic magnetic moments (AMMs) with respect to the
heterostructure layer index. The red circles, blue diamonds, and
green triangles represent the AMMs for Co, Mn, and Al atoms in
the heterostructures, respectively. The corresponding AMMs in
bulk Co2MnAl for Co, Mn, and Al are indicated by red, blue, and
black dashed lines, respectively. In addition, the AMMSs for Mg, O,
Ga, and As atoms in the heterostructures are represented by basil
hexagons, violet stars, basil pentagons, and violet squares,
respectively. The corresponding bulk values for these atoms (in
bulk MgO and GaAs) are shown as black solid lines, similar to the
bulk Al AMM in Co2MnAl, due to their similarly negligible
magnetic moments.

Crystal structure of Y-ordered CoFeCrGa for (a) Type-I, (b) Type-
I, and (c) Type-Ill configurations in Y-ordered structure. The
green, silver, red, and yellow coloured spheres correspond to Co-,
Fe-, Cr-, and Ga-atom, respectively.

(a) Total energy as a function of the unit cell volume for CoFeCrGa
in Type-I, Type-1l, and Type-1Il atomic configurations of Y-
ordered structures. The filled circles represent the calculated data,
and the solid lines correspond to the fits for all four structures. (b)
Total density of state plot for CoFeCrGa.

(a) Lattice parameters, (b) Relative formation energy, (c) spin
polarization, (d) total and atomic magnetic moments, (e) minority
valence band maxima and minority conduction band minima, and
(f) gapless-point location w.r.t. Fermi level and DOS (states/eV-
atom) at gapless-point for uniformly (or isotopically) strained
CoFeCrGa alloy as a function of percent change in unit-cell
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Figure 7.4

Figure 7.5

Figure 7.6

Figure 7.7

Figure 7.8

Figure 7.9

Figure 7.10

Figure 7.11

volume (%AV/Vo). The horizontal short-dashed line in Figure
7.3(f) indicates the Fermi level. See the text for more details.

The density of states plots for 0, +2%, +4 and +6% (AV/Vo)
uniformly strained CoFeCrGa structures. The solid red and blue
lines show the majority and minority DOS. The Fermi energy level
is shifted to zero.

(a) Lattice parameters, (b) Relative formation energy (RFE), (c)
spin polarization, (d) total and atomic magnetic moments for
tetragonally distorted CoFeCrGa alloys as a function of axial ratio
(c/a).

The density of states plots for tetragonally distorted CoFeCrGa
alloy with axial ratio (c/a) 0f 0.8, 0.9, 1.1 & 1.2. The Fermi energy
level is shifted to zero in all plots.

(a) Total MCA for tetragonally deformed CoFeCrGa, as a function
of their axial ratio (c/a value), (b) atomic contributions to MCA
(atomic-resolved MCA\) in the case of the tetragonally distorted
structure with c/a = 0.8 to c/a = 1.2 (left to right panels).

The orbital resolved MCA for different tetragonally deformed
structures. The y-axis of maps represents the c/a value for the
tetragonally deformed structures, whereas the x-axis corresponds
to the different d- and p-orbitals. The magneto-crystalline
anisotropy values are shown on the z-axis, with a common color
weight given on the right side of the plots.

Convergence of magnetic shape anisotropy (MSA) with respect to
the cut-off radius for the tetragonally distorted structure
corresponding to c/a = 0.8.

(@) The magnetic shape anisotropy (MSA) for tetragonally
deformed structures calculated using Equation (7.4), (b) the total
magnetic anisotropy (MA) for the tetragonally deformed
structures, considering the contribution from MCA and MSA.

(@) Electronic band structure along the high-symmetry points
calculated from DFT (red) and the Wannier interpolated band

XX

177

178

181

184

186

189

189

191



Figure 7.12

(dashed blue) for the Y-I ordered structure. (b) AHC and SHC for
uniformly strained structures, and (c) AHC and SHC for uniformly
and tetragonally distorted structures.

(@) Convergence of surface energy with respect to the number of
layers for the CoFeCrGa-(220) slab. (b) Spin-resolved density of
states (DOS) for 14 monolayer CoFeCrGa-(220) slab, (c) Atomic
magnetic moments (AMMS) for near-slab atoms in the CoFeCrGa-
(220) slab, and (d) Atomic spin polarization (SP) for the near-
surface atoms in the CoFeCrGa-(220) slab. Here, the notation (s—
n), on the x-axis of Figures 7.12(c) and 7.12(d), denotes the n™
atomic layer beneath the topmost surface layer.
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