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ABSTRACT

We performed the structure optimization followed by the calculation of
electronic structure and magnetic properties on CoMnGe. The structure
optimization was based on generalized gradient approximation (GGA) ex-
change correlation and linearized augmented plane wave (LAPW) method.
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The calculation of electronic structure was based on full potential linear
augmented plane wave (FP-LAPW) method. We have studied the elec-
tronic structure and magnetic properties. The cal culated magnetic moment
is 5.004 p, which is an integral value. The calculated density of states
(DOS) and band structures shows the half-metallicity of Co,MnGe.
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INTRODUCTION

NiMnSb asemi-Heusler compound wasthefirst
predicted half-metalic ferromagnetism by using first-
principle calculation based on density functional
theory!. After that, haf- metallicity attracted much at-
tentiont?, because of its prospective applicationsin
spintronics®. Recently rapid devel opment of magneto-
electronicsintensified theresearch on ferromagnetic
materia sthat are suitablefor spininjectioninto asemi-
conductor™, Oneof thepromising classesof materias
isthehaf-metallicferrimagnets, i.e., compoundsfor
which only onespin channd presentsagap at the Fermi
leve, whiletheother hasametallic character, leadingto
100% carrier spin polarization at E1>. Ishidaet. al.["
have also proposed that the full- Heusler alloy com-
poundsof thetype Co,MnZ, whereZ standsfor S and
Ge, arehalf- metas. Heuder dloyshave been particu-
larly interesting systemsbecausethey exhibit much higher

ferromagneti c Curie temperaturethan other half-me-
tallic materia §9. Among theother propertiesuseful for
the applications arethe crystal structure and lattice
matching compatiblewith zinc-blende semiconductors
used industridly®® 9, Jiang et. d . examined the mag-
netic structure of Min VAL by x-ray diffraction and mag-
netization measurements. Rai et al .2 ¥ investigated
the ground state study of Co,MnAl and Co,CrSi us-
ing LDA+U and LSDA method respectively and re-
ported the half-metallicity. Rai and Thapahavea so
investigated the Electronic Structure and Magnetic
Propertiesof X,YZ (X =Co, Y =Mn, Z=Ge, Sn)
type Heusler Compounds by using afirst Principle
Study and reported HMFg'4. Rai et al. (2012) also
studied the electronic and magnetic properties of
Co,CrAl and Co,CrGa using both LSDA and
LSDA+U and reported theincreasein band gap, hy-
bridization of d-d orbitalsaswell asd-p orbitalswhen
treated with LSDA+UMS, Recently, adetailed theo-


mailto:dibyaprakashrai@gmail.com

68 A first principle dtudy of Co,MnGe a heusler compound

MSAIJ, 9(2) 2013

Full Poper

retica study of themagnetism of Mn,VAl wasreported
by Weht and Pickett by using GGA! for the ex-
change- correlation potential. The Fermi level was
foundtoliein the minority spin band.

MOTIVATION

Half-metalicferromagnetic materids, likeMn,VZ
or Co,Y Z compounds (where Z isthe sp elements),
aremuch moredesirablein magneto-e ectronic appli-
caions. Thisismogtly duetothefact that thesmal value
of thetotd magnetic moment inthese systems provides
additional advantages. For example, they arelessaf-
fected by externd magneticfields. Inthe present paper,
we systematically study the el ectronic and magnetic
structureof Co based full Heusler alloys Co,MnGeto
search for new halfmetallic ferromagnetic candidate.
Among the systems studied Co,MnGe are predicted
tobenearly half-metalicat theoretical equilibrium lat-
ticecongtants. Inhdf-metals, the creetion of afully spin-
polarized current should be possiblethat should maxi-
mizetheefficiency of magnetod ectronic devices®. Ma
teria swith high spin pol arization can beused for tunnel
magnetores stance (TMR) and giant magnetores stlance
(GMR)™*. The Co-based Heusler aloys Co,Y Z (V-
transition metal, Z: sp atom) arethe most prospective
candidatesfor the gpplicationin spintronics. Thisisdue
to ahigh Curietemperatureand thesimplefabricat ion
process such as dc magnetron sputteringin Co,Y 24,

CRYSTAL STRUCTUREAND
COMPUTATIONAL METHODS

Co (red) atomsareat the originand (1/2, 1/2, 1/
2), Mn (yellow) at (1/4, 1/4, 1/4) and Ge (blue) atoms
at (3/4, 3/4, 3/4). The cubic L21 structure consists of
four inter-penetrating fcc sub-latti ces, two of which are
equally occupied by Co. Thetwo Co-sitefcc sub-lat-
ticescombinetoformasmplecubic sub-laticeasshown
inFigurel.

COMPUTATIONAL METHODS

We performed thestructura optimization using pa
rameterization of GGA and linearized augmented plane
wave (LAPW) method. The calculation of el ectronic
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structure and magnetic propertieswas performed by
using full potential linear augmented plane wave
(FPLAPW) method accomplished by using the
WIENZ2K code¥. The exchange-correlation poten-
tial ischoseninthelocal spindensity approximation
(LSDA)®%, The accuracy is up to 10* Ry. The self-
consistent potentialswere calculated on a20 x 20 x
20 k-meshintheBrillouin zone, which correspondsto
256 k pointsintheirreducibleBrillouin zone. The sets
of valenceorbitasin thecalculationswere selected as
3s, 3p, 4s, 4p, 3d Coatoms, 3s, 3p, 4s, 4p, 3dfor Mn
atoms, 3d,4s, 4p for Geatoms. All lower stateswere
treated ascore states.

Figurel: Unit cell structureof Co,M nGeHeusler alloy

RESULTSAND DISCUSSIONS

The optimized lattice constant, isothermal bulk
moduli, its pressure derivativeare cal culated by fitting
thetotd energy to the Murnaghan’s equation of state!?!l,
Thevariation of equilibrium lattice constant and energy

-12088 80 (a) COZMT'IGS

-12088.85

-12088.90 Y
12088.95

\
-12089.00 '\I

Energy
\

-12089.05

52 54 56 58 60 62 64
Lattice Constant A°

Figure2: Plot of ener gy ver suslattice constant: CoMnGe
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aresummerizedinFigure?2.

Thetotal and partial DOS plotsof Co,MnGeare
shown in Figures (3, 4). From the DOS plots of
Co,MnGeshownin Figure4 pesks aremostly dueto
d state el ectrons of Co atomsin the semi-coreand the
vaenceregion below E_for both spin channelsFigure
4 (a-d). In spin up channel, the DOS intersects E_
showing the metallic nature. In spinup regionitis
shown in Figures 3(c) and Figure 4 that M n-d elec-
tronsmainly contributein thevaenceregionwith sharp
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atomsrespectively in spindown region shownin Fig-
ures4 (b-d). Thed electrons of Co atomsare found
to bestrongly hybridized with Mn-d electrons?. The
partial magnetic moments of Co, Mn and Ge atoms
are0.975y,, 3.097p, and -0.044y,, respectively. The
effective magnetic moment is 5.004u, which is
approximately an integer value 5.00 p .
TABLE 1: Thecalculated lattice constant iscompar ed with
thepreviousresults

Latti ce constant apA

peaksat -2.3 €V and -2.7 eV. In spin down channel,  compound —— o Bu'igpoaf)ju' us Egg:;;”é;;;
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Figure3: (a) Total DOSplotsof CoMnGe; (b) partial DOSplotsof Co; (c) partial DOSplotsof M n; (d) partial DOSplotsof Ge

Band structures

Figure5 (a, b) showsthe band structure plots of
Co,MnGein both spin channels. Inthevaenceregion
of thespinup and down channds, morenumber of bands
were seen which aredueto the 3d states of Mn atoms.
Spin-down channel comprisesof thick energy bandsin
the conductionregion above E_dueto 3d electronsof
Mn atoms. Thewidth of energy gap (EQ) isthediffer-

encein energiesof the highest occupied band at sym-
metry point I" inthevalence region and thel owest un-
occupied band in the conduction region at symmetry
point X whichisanindirect band gap. Withthe help of
DOS, itisclear that theenergy regionlower than-3eV
consistsmainly of sand p electrons (not shown) of the
Geatomsinthevaenceregion and the energy region
between -3eV and 2 eV consistsmainly of thed-elec-
tronsof Coand Mnatoms. FromFigure5 (b) itisseen
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that E_liesamost at themiddle of thegap betweenthe
valence and the conduction regionin spin down chan-
nel. Theoriginof minority gapin Co,MnGeisexplained
by Kandpal et. a.?? as well as by Galanakis and
Mavropoul 0s%!. Based on the analysis of band struc-
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turesand DOS caculationsit isseen that the 3d orbit-
alsof Coatomsfrom two different sub-lattices, Col
(0,0,0) and Co2 (1/2, 1/2, 1/2) couple and form bond-
ing hybrids. Inother words, the gap originatesfrom the
strong hybridization between thed states of the higher
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Figure4: DOSplotsof Co,MnGe, (a) Co (d, deg) and Mn (d, deg) statesin spin-up; (b) Co (d, deg) and M n(d, deg) statesin spin-
down; (c) Co(d, dt2g) and Mn (d, dt2g) statesin spin-up; (d) Co (d, dt2g) and Mn (d, dt2g) statesin spin-down

Spin Down

B0
7.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0
1.0
-2.0
a0
40
5.0
6.0
7.0
-8.0
-8.0
-10.0
-1 1.0

Energy (eV)

S
=

L
e

e

~<

—

-//’\
S =

e

E{

-

=
—

"

/

]
-

-12.0

130

M1 A 1 A X Z W KU L A~ T & XZWK
(a) (b)

Figure5: (a) Ener gy bandsof CoMnGe; (b) Ener gy bandsof CoM nGefor pindown
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vaent andthelower valent transition metd atoms. Asa
result theinteraction of Mnwith the Z-p states splits
theMn-3d statesinto alow lying triplet of tzgstatesand
ahigher lyingdoubl et of eg states. Thesplittingispartly
duetothedifferent ectrogtatic repulson, whichisstron-
gest for the eg stateswhich isdirectly point at the Z
atoms. Inthemgority band theMn-3d statesare shifted
to lower energiesand form acommon 3d band with X
(Co) 3d states, whilein the minority band the Mn-3d
states are shifted to higher energies and are unoccu-
pied, sothat aband gat at E_isformed, separating the
occupied d bonding states from the unoccupied d
antibonding states. Thus X, Y Z isahaf-meta with gap
a E_inminority band and ametallic DOSat the Fermi
level inmgjority band. Thisexplainshalf metallicity in
Co,MnGe. Less number of bands werefoundin the
conduction region of the spin-up channe indicatingthe
absence of DOS contributions. For CoMnGeanindi-
rect energy gap obtained between symmetry point
and X is0.60 eV which almost equals 0.581 eV re-
ported by Kandpal et. al.[?.

TABLE 2: Thecalculated magnetic moment iscompar ed with
thepreviousresults

MagneticMoment p, Energy gap Eg (eV)

Compound . Our . Our
Previous . Previous .
calaulation calculation
CooMnGe 5.00* 5.004 0.581%2 0.600
5.00%
CONCLUSIONS

We have studied the possibility of appearance of
haf-metdlicity inthecaseof thefull Heud er compounds
Co,MnGewhere Geisasp atom belongingtothelVB
column of theperiodictable. WefoundthatinCo,MnGe
theferromagneticisstableat theequilibrium lattice con-
stant. Although al compoundsare not haf-metallic at
their equilibrium lattice congtant. Thusthesecompounds
follow the Slater—Pauling behaviour and the ‘rule of
24’1 Thelighter thetrangtiondementsandthesmaller
the number of valenceelectrons, thewider isthegaps
and themorestableisthe haf-metdlicity. Wehaveca-
culated the DOS, magnetic moments and band struc-
tures of Co,MnGe using FP-LAPW method using
LSDA+U approximation. Theresultswerein support
of the HMF nature for Co,MnGe. The existence of
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energy gapinthe DOSfor spindownregionisanindi-
cation of being apotential HMF. Thisisalso evident
from the energy band Figure 5b. The cal cul ated mag-
netic moment for Co,MnGeis5.004 u, whichisal-
most anintegrd value. Theobserved resultsarein qudi-
tative agreement with theintegral value, supportingthe
HMF nature of Co,MnGe.
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