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Abstract First-principle calculations within the framework
of density functional theory are employed to study the struc-
tural, electronic, and half-metallic ferromagnetic properties
of Inj_yTM,P (TM = Cr, Mn) at concentrations (X =
0.0625, 0.125, 0.25) of transition metal (TM) in zinc blende
phase. The investigations of electronic and magnetic proper-
ties indicate that Inj _yTM,. P (TM = Cr, Mn) at x = 0.0625,
0.125, and 0.25 are half-metallic ferromagnets with 100 %
magnetic spin polarization. On the one hand, the total mag-
netization is an integer Bohr magneton of 3up and 4ugp
for In|_xCr, P and In; _yMn, P, respectively, which confirms
the half-metallic feature of In;_xTM,P compounds. On the
other hand, the densities of states of majority-spin states
show that the large hybridization between 3p (P) and 3d
(TM) partially filled states dominates the gap, which stabi-
lizes the ferromagnetic state configuration associated with
double-exchange mechanism. The band structures depict
that half-metallic gap at x = 0.0625 is 0.404 eV for
In;_xCryP which is higher than 0.125 eV for In;_«Mn,P.
Therefore, the largest half-metallic gap in In|_4Cr, P at low
concentration x = 0.0625 reveals that Cr-doped InP seem to
be a more potential candidate than that Mn-doped InP for
spin injection applications in the field of spintronic devices.
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1 Introduction

The 3d transition metals (TMs) grown on semiconductors
have attracted a special interest over the last two decades,
owing to the possibility of combining magnetism and semi-
conductor properties and offering a wide range of possible
applications [1]. However, the magnetic property in diluted
magnetic semiconductors (DMSs) doped by 3d (TM) ions
leads to an interaction between the localized spin-polarized
d electrons of the TM impurities and the delocalized carriers
in the host semiconductor [2]. In recent years, the III-V-
based DMSs can be considered to be promising materials
for a new generation of spin-based electronics or spintronics
devices [3-5], because they exhibit two essential features:
a Curie temperature (7¢) higher than room temperature and
half-metallic ferromagnetic (HMF) properties. Thus, the
HMF nature of DMS takes an important role in the newly
developing field of spintronics, in particular, as an origin of
spin-polarized carriers injected into semiconductors. During
the last 2 years, the HMF properties have been investi-
gated in TM-doped III-V and II-VI semiconductors such
as (Ga, Al, In);_xMn,N [6, 7], (Ga, In)g75Mng »sP [8], Cr-
doped GaP [9], Ga;_xMn, (P, As) [10], V-doped AIN [11],
V-doped GaN [12], (V, Cr, Mn, Fe)-doped GaN [13], Mn-
doped BN [14], Cd|_xCr,(S, Se, Te) [15], V-doped CdTe
[16], Cdj_xFe,S [17], Cd;_xV.Se [18], Zng 75Crp 25(S, Se,
Te) [19], Zn;_xCr,S [20], Beg75sMng25(S, Se, Te) [21],
Be;_xMn,(Se, Te) [22], Cr-doped BeSe and BeTe [23], and
V-doped Be(S, Se, Te) [24].

The InP is a useful compound semiconductor due to
its excellent physical properties and good characteristics
for application to various devices. It has been found to be
attractive for long-wavelength optoelectronics and for high-
speed and high-power electronic devices [25]. So, it is used
as a substrate for high-speed electrical and optoelectronic
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device like high-frequency field effect transistors and reso-
nant interband tunneling diodes [26, 27], although the InP
semiconductor is considered as a possible candidate as a
DMS material according to a theoretical report [28] and to
the experimental results of Hollingsworth et al. [29], which
constitute the highest reported T¢ (~130 K) in Mn-doped
InP. In addition, Korona et al. [30] shown that the Mn™t3 cen-
ter in InP had some features of a well-localized center and
some of a weakly localized one, where the Mn is a relatively
deep acceptor in III-Mn-V, and its level is 0.22 eV above
the valence band maximum in InP [31]. Also, the ferromag-
netism has been theoretically reported for magnetic Mn—Mn
coupling in the Mn-doped InP nanowires [32], and the
robustness of half-metallicity was theoretically predicted in
Ing.75Mng 25P [8].

In this present study, we investigate the structural,
electronic, and magnetic properties of zinc blende phase
In;_xTM,.P (TM = Cr, Mn) at concentrations (x = 0.0625,
0.125, 0.25) and to use them to predict the half-metallic fer-
romagnetism behavior, based on simple ordered supercell
of 32, 16, and 8 atoms, using first-principle full-potential
linearized augmented plane-wave method (FP-LAPW) with
generalized gradient approximation functional proposed by
Wu and Cohen (WC-GGA).

2 Method of Calculations

The calculations of the present study are performed in the
framework of the density functional theory (DFT) [33, 34].
We have employed the FP-LAPW method as implemented
in the WIEN2 k code [35]. The WC-GGA was used for the
exchange correlation potential [36] in order to investigate
the electronic and half-metallic ferromagnetic properties of
(TM = Cr, Mn)-doped InP in zinc blende structure, based on
In;sTMPq6, In;TMPg, and In3TMPy4 supercells of 32, 16,
and 8 atoms, respectively, where the In;_yTM, P is obtained
by substituting one TM atom in an In cation site.

The InP has zinc blende (B3) structure with space group
F43m, where the In atom is located at position (0, 0, 0) and
P atom at (0.25, 0.25, 0.25). We obtain the In;_yTM, P com-
pounds at concentrations x = 0.0625, x = 0.125, and x =
0.25 by substituting one In cation with one (TM = Cr, Mn)
atom in supercells of 32, 16, and 8 atoms, respectively, to
get the Ing 9375TMo 0625P (1 X 2 x 2) supercell of 32 atoms
with x = 0.0625 of tetragonal structure with space group
P42m, Ing g75TMg.125P (1 x 1 x 2) supercell of 16 atoms
with x = 0.125 of tetragonal structure with space group
P42m, and Ing75TMg 5P (1 x 1 x 1) standard unit cell of
8 atoms with x = 0.25 of cubic structure with space group
P43m as shown in Fig. 1.
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The non-overlapping muffin—tin radii (Ryt) of In, P, Cr,
and Mn are taken to be as large as possible in such a way
that the spheres do not overlap. We have expanded the wave
functions in the interstitial region to plane waves with a cut-
off of Kimax = 8.0/ Ryt (Where Ky is the magnitude of the
largest K vector in the plane wave, and Ry is the average
radius of the muffin—tin spheres). The maximum value for
partial waves inside the atomic sphere was /max = 10, while
the charge density was Fourier expanded up to Gpax = 12,
where Gmax is the largest vector in the Fourier expansion.
For the sampling of the Brillouin zone, 2 x 2 x 5,4 x 4 x
2,and 4 x 4 x 4 Monkhorst—Pack mesh [37, 38] are utilized
for supercells of 32, 16, and 8 atoms, respectively, where the
self-consistent convergence of the total energy was at 0.1
mRy.

3 Results and Discussions
3.1 Structural Properties

The structural parameters such as equilibrium lattice con-
stant (a), bulk modulus (B), and its pressure derivative
(B/) for binary zinc blende InP and the In;_yTM,P com-
pound supercells as a function of the concentration (x) are
calculated by fitting of variation of total energies and equi-
librium volumes with the empirical Murnaghan’s equation
of state [39]. Our results and various theoretical [8, 40] and
experimental [41, 42] data are given in Table 1.

The ground-state properties a, B, and B/ for zinc blende
InP are very close to the theoretical WC-GGA calculations
of Tran et al. [40] and are in good agreement with experi-
mental values [41, 42]. For the ternary Inj_yTM,P (TM =
Cr, Mn) at concentrations (x = 0.0625, 0.125, 0.25), there
are some decrease in the lattice constants with an increas-
ing concentration (x) of (TM = Cr, Mn), which can be
attributed to the fact that the ionic radius of Cr and Mn is
smaller than that of In atom. The bulk modulus increases
when the concentration x of (TM = Cr, Mn) increases,
and we notice that the lower bulk modulus of In;_xCr,P
compounds are easily compressible than that of In;_xMn,P
higher ones. In addition, we observe an enhancement by
—2.95 % of our calculated lattice constant of Ing75Mng 5P
compared with theoretical calculations of Djedid et al. [8]
by using the generalized gradient approximation of Perdew
et al. [43] (GGA-PBE). To the best of our knowledge, there
are no experimental and theoretical WC-GGA calculations
of lattice constant, bulk modulus, and its pressure derivative
for Inj_yTM,P (TM = Cr, Mn) at concentrations of x =
0.0625, 0.125, and 0.25 to compare with the results of our
present work.
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Fig. 1 The prototype structures
of Inj_xTM,. P compounds with
(TM = Cr, Mn). a
In0'9375TM0'0625P supercell of

32 atoms with x = 0.0625, b ‘O% oo

In0'875TMO']25P supercell of 16
atoms with x = 0.125, and ¢

Ing 75 TMy 5P standard unit cell
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3.2 Electronic Properties

The electronic structures are discussed in order to
describe and investigate the mechanism of forma-
tion of the half-metallic ferromagnetic behavior in
Inj_xTM,P (TM = Cr, Mn) compounds. The spin-
resolved total (7) and partial (P) density of states
(DOS) for Ing.9375Cro.0625P, Ing.g75Cro.125P, Ing.75Cro.25P,
Ing.9375Mnyg.0625P, Ing.g75Mng.125P, and Ing75Mng2sP are
shown in Figs. 2, 3, 4, 5, 6, and 7, respectively. According
to the crystal field theory [44], it is understandable that the
effect of the tetrahedral crystal field formed by surrounding
P ligands in In;_y TM, P splits the 3d (TM = Cr, Mn) states
into twofold, generating low-lying ey (dzz and dxz_yz) and
threefold, degenerating high-lying #,, (dxy, dy;, and dyz)
symmetry states [45] displayed in PDOS (Figs. 2, 3, 4, 5,
6, and 7). From these plots, we show that the 75, states lie
above the e, states, and this reveals that the energy of eg
states is lower than that of 75, states due to less Coulomb
interaction [46]. It means that Cr and Mn are sitting in

Table 1 Calculation of lattice

the crystalline field of tetrahedron. However, the PDOS
demonstrates that the top of the majority-spin valence bands
and the bottom of the minority-spin conduction bands are
dominated by 3d (TM = Cr, Mn) states, which hybridize
with the 3p (P) states. Also, these PDOSs depict that there
are strong hybridization between 3d (TM = Cr, Mn) and
3p (P) states that make the host valence band. This creates
bonding states (1°) in the valence bands and anti-bonding
states (%) in the band gap, while the e, states extend to
the interstitial region and hybridize very weakly with the
host valence states to make non-bonding states (e) in the
gap [47-49]. It is found that the anti-bonding states prin-
cipally come from the 3d-t;; (TM = Cr, Mn) and 3p (P)
states.

The curves of densities of states show a half-metallic
ferromagnetic behavior of In;_y TM,P at all concentrations
(x = 0.0625, 0.125, 0.25) of (TM = Cr, Mn). This may
be attributed to the fact that the minority-spin states have
a band gap, whereas the majority-spin states have a metal-
lic character. The majority-spin channel of Inj_yTM,P is

constant (a), bulk modulus (B), Compound Concentration (x) a (A% B (GPa) B’
and its pressure derivative (B7)
for binary InP and In;_TM, P This work
3? lC;;,CSTIZt;tz)Ofn(STg\J/C[ _= %?61%/[511) InP 0.00 5.893 66.55 4.86
In;_xCr,P 0.0625 5.847 68.19 5.00
0.125 5.811 70.77 4.79
0.25 5.734 75.99 4.72
In;_xMn,P 0.0625 5.841 68.72 4.99
0.125 5.801 70.89 491
0.25 5.714 76.78 5.07
Other calculations
InP 0.00 5.890 [40] 67.40 [40]
5.869 [41] 72.00 [42]
In;_xMn,P 0.25 5.888 [8] 61.14 [8] 5.11 [8]
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Fig. 2 Spin-polarized total and
partial DOS of (3p) of P and (3d,
3d-eg, 3d-t2g) of Cr in supercell
for In0'9375Cr0,0625P. The Fermi
level is set to zero (dotted line)

Fig. 3 Spin-polarized total and
partial DOS of (3p) of P and (34,
3d-eg, 3d-tg) of Cr in supercell
for In0'375Cr0'125P, The Fermi
level is set to zero (dotted line)
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Fig. 4 Spin-polarized total and
partial DOS of (3p) of P and (34,
3d-eg, 3d-t2g) of Cr in supercell
for Ing 75Crg 25P. The Fermi
level is set to zero (dotted line)

Fig. 5 Spin-polarized total and
partial DOS of (3p) of P and (34,
3d-eg, 3d-t2g) of Mn in supercell
for In0,9375Mn0,0625 P. The Fermi
level is set to zero (dotted line)
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Fig. 6 Spin-polarized total and
partial DOS of (3p) of P and (3d,
3d-eg, 3d-t2g) of Mn in supercell
for In0'375Mn0,125P. The Fermi
level is set to zero (dotted line)

Fig. 7 Spin-polarized total and
partial DOS of (3p) of P and (34,
3d-eg, 3d-t2g) of Mn in supercell
for Ing 75Mng 25P. The Fermi
level is set to zero (dotted line)
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Fig. 8 Spin-polarized band
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structures for majority spin (up)
and minority spin (dn) for
In0,9375Cr0,0625P. The Fermi
level is set to zero (dotted line)
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characterized by the p—d hybridization that crosses the
Fermi level, which leads to 100 % spin polarization. How-
ever, in the Inj_xTM,P compounds, the (TM = Cr, Mn)
atom substituted at the cationic In site and contributes three
electrons for bonding (*) states formed by 3p (P) states.
Consequently, the valence electron configurations of (TM =
Cr, Mn) in In;_yTM,P are Crt3 (d3—e§ t%g) and Mn*t3
(d4—e§ t%g). Therefore, the 3d (TM) minority-spin states
are unoccupied, whereas the 3d (TM) majority-spin states
are not filled, because ey (Cr, Mn) states are completely
filled by two electrons, while the 7, states are partially
filled with one electron for Cr and two electrons for Mn.
Thus, according to Hund’s rule, the valence of partially
filled majority-spin states are three electrons for 3d (Cr)

and four electrons for 3d (Mn), which provides a total

Fig. 9 Spin-polarized band

r R A r
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magnetic moment of 3up and 4up (up is the Bohr
magneton), respectively.

Moreover, Sato et al. [47, 50, 51] explain the magnetism
of DMS by a simple rule; the ferromagnetic state is stable
by the double-exchange mechanism when the delocalized
anti-bonding (#*) states are partially occupied. However,
the p—d hybridization between 3p (P) and 3d-t; (TM =
Cr, Mn) majority-spin states exhibits a metallic charac-
ter in In;_yTM, P at all concentrations, and this forms the
delocalized anti-bonding (#*) states in the gap. It can be
concluded that the anti-bonding nature of partially filled 3d-
g (TM = Cr, Mn) majority-spin states lowers the total
energy to stabilize a ferromagnetic ground-state configura-
tion associated with the double-exchange mechanism [52].
Based on our further predictions, we suggest that both
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Fig. 10 Spin-polarized band
structures for majority spin (up)
and minority spin (dn) for

Ing 75Cro 2sP. The Fermi level is
set to zero (dotted line)

Fig. 11 Spin-polarized band
structures for majority spin (up)
and minority spin (dn) for
In0,9375Mn0,0625 P. The Fermi
level is set to zero (dotted line)

Fig. 12 Spin-polarized band
structures for majority spin (up)
and minority spin (dn) for
In0,375Mn0']25P. The Fermi level
is set to zero (dotted line)
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Fig. 13 Spin-polarized band
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structures for majority spin (up)
and minority spin (dn) for
Ing.75Mng »5P. The Fermi level
is set to zero (dotted line)

Energy (eV)

double-exchange and p—d exchange mechanisms contribute
to the stabilization of ferromagnetic ground-state configu-
ration in In;_yTM, P compounds. This suggestion is analo-
gous to the one proposed in the case of (Al, Ga);_xMn,N at
concentrations (x = 0.0625, 0.125, 0.25) [6].

The calculated spin-dependent band structures
along high-symmetry directions in the first Brillouin
zone for Ing9375Cro.0625P.Ing.875Cro.125P, Ing.75Cro.25P,
Ing.9375Mng.0625P, Ing.g75Mng.125P, and Ing75Mng2sP are
presented by Figs. 8, 9, 10, 11, 12, and 13, respectively.
One can notice that the band structures of In;_xTM,P
(TM = Cr, Mn) show a half-metallic behavior with the
majority-spin bands being metallic and the minority-spin
bands being semiconducting. The majority-spin bands are
more in number than the minority-spin bands due to p—d
exchange interaction. This provides a half-metallic (HM)
gap in minority-spin states, which is an important parameter
to determine the application in spintronic devices. How-
ever, the HM gap is determined as the minimum between
the lowest energy of majority-spin and (minority-spin)
conduction bands with respect to the Fermi level and the
absolute values of the highest energy of majority-spin and
(minority-spin) valence bands [53, 54].

Furthermore, the computed half-metallic ferromagnetic
band gap E; (¢V) and HM gap Gy (eV) of minority-spin
directions of In;_xCr,P and In;_yMn,P as a function of
the concentration (x) are listed in Table 2. It is observed in
band structures that the band gaps (Eg) are located at the
I' point of the Brillouin zone, indicating that the minority-
spin channels have a direct band gap for In;_4Cr,P and
In;_xMn,P at all concentrations. The energy gap (Eg)
increases with increasing concentration (x) of (TM = Cr,
Mn) and decreases from In|_4CryP to Inj_4Mn,P at any
concentration x. Also, for the minority-spin bands, the

§> L T e s E,
o .

3 T

-4 \ /\

8| Iny ,sMn, , P Spin dn

7

R A T A X ZM 3 T
K >

maximum of valence band moves towards the Fermi level
with decreasing of concentration x. Hence, the HM gap
increases from Inj_yMn,P to In;_xCr,P, when increasing
the concentrations of (TM = Cr, Mn) doping systems. It is
found that the impurity bands broaden more strongly. We
can notice that the HM gap at a low concentration x =
0.0625 for Ing 9375Crg.0625P is 0.404 eV that is larger than
0.125 eV for Ingg375Mng o625P, which indicates that Cr-
doped InP seems to be a more potential candidate than the
Mn-doped InP for spin injection applications in the field of
spintronic devices.

3.3 Magnetic Properties

The calculated total and local magnetic moment within the
muffin—tin spheres of the relevant TM, In, and P atoms
and in the interstitial sites of Inj_xTM,P as a function of
(TM = Cr, Mn) concentration is shown in Table 3. Due to
the p—d interaction between 3d (TM = Cr, Mn) and 3p (P)
states, the top of the valence bands are partially filled in

Table 2 Calculated half-metallic ferromagnetic band gap E;; and half-
metallic gap Gy, of minority spin for In;_xCr,P and Inj_xMn,P at
concentrations (x = 0.0625, 0.125, 0.25)

Compound Concentration (x) Eg (eV) G (eV)

This work

In;_xCr,P 0.0625 0.903 0.404
0.125 1.286 0.586
0.25 1.595 0.764

In;_xMn,P 0.0625 0.860 0.125
0.125 1.130 0.256
0.25 1.394 0.407
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Table 3 Calculated total and

J Supercond Nov Magn (2014) 27:1603-1614

local magnetic moment (in Compound  Concentration (x) Total (ug) (Cr,Mn) (ug) In(up)  (P)(uB) Interstitial (up)
Bohr magneton (up)); within
the muffin—tin spheres and in This work
the interstitial sites for Ini_4Cr,P  0.0625 3 2.948 0.044 —0.255 0.267
In; <CryP and In; _Mn, P at 0.125 3 2.951 0034  —0294 0321
concentrations (x = 0.0625,
0.125, 0.25) 0.25 3 2.967 0.026 —0.308 0.318
Ini_4Mn,P 0.0625 4 3.854 0.053 —0.187 0.281
0.125 4 3.863 0.047 —0.198 0.292
0.25 4 3.978 0.048 —0.269 0.243
Other calculations
Inj_yMn,P 025 4 (8] 3.891 [8] 0.011 [8] —0.064 [8] 0.212[8]

majority-spin states, whereas there are empty minority-spin
states. It means that the difference in distribution between
the two spin channels contributes to ferromagnetism in these
materials. It can be understood that the ferromagnetism is
induced in Iny_xTM,P by the exchange splitting of the 3d
bands of the magnetic (TM = Cr, Mn) atoms. Hence, the
strong hybridization between 3d (TM = Mn, Cr) and 3p
(P) states provides main magnetic moments in In;_yTM,P
compounds and induces finite magnetization on In atoms
as well as the neighboring P atoms and in interstitial
sites.

The electronic configurations of TM atoms in
In;_xTM,P show that the 3d (TM = Cr, Mn) majority
spin states are partially filled by three electrons for Cr
and four electrons for Mn impurity. This provides total
magnetic moments of 3up for Inj_xCryP and 4up for
In;_xMn,P, in which the integer Bohr magneton for a total
magnetic moment is a typical characteristic of half-metallic
ferromagnets. In addition, the major contributions of total
magnetic moments come from the (TM = Cr, Mn) atoms,
which are smaller than the predicted values of Hund’s rule
due to p—d hybridization. Moreover, the values of local
magnetic moments of (TM = Cr, Mn) increase with an
increasing concentration x of (TM = Cr, Mn) can be seen
in Table 3. However, the negative sign of the local magnetic

Table 4 Calculated conduction

moment of P atom in In;_xTM,P shows that the induced
magnetic polarization at the P site is anti-parallel to (TM =
Cr, Mn) spins, indicating that the interaction between the
host valence band carriers and (TM = Cr, Mn) spins is
anti-ferromagnetic. Also, the parallel magnetic polarization
is initiated at the In site.

Finally, we would like to point out that the spin-polarized
band structures can be used to calculate two important
parameters. The s—d exchange constant Noa (conduction
band) (CB) and the p—d exchange constant Nof (valence
band) (VB) are exchange constants that can be determined
directly from the following mean-field theory expressions
[55, 56]:

AE.
Noo =
x (s)
AE,
Nop =
x (s)
where AE, = ECi — ECT is the conduction band-edge

spin-splitting, AE, = Ei - EJ is the valence band-edge
spin-splitting at the I symmetry point, x is the concentra-
tion of (TM = Cr, Mn), and (s) is the half of the computed
magnetization per (TM = Cr, Mn) ion [56]. Our calculated
values of AE., AE,, Noa, and NoB are listed in Table 4,

and valence band-edge Compound Concentration (x) AE, (eV) AE, (eV) Noo NoB
spin-splitting AE, and AE),
and exchange constants Ny« This work
?nd Nﬁ)/[ﬁ f;r,ltnl_xcrxtp ?nd ‘ In;_4Cr,P 0.0625 0.022 —0.794 0.234 —8.469
(zl;x O.Sg 25? Of;’;;f’g;"s;om 0.125 0.034 —1.151 0.181 —6.138
0.25 0.041 —1.477 0.109 —3.938
In;_xMn,P 0.0625 0.029 —0.450 0.232 —3.600
0.125 0.037 —0.768 0.148 -3.072
0.25 0.052 —1.038 0.104 —2.076
Other calculations
In;_xMn,P 0.025 0.181 [8] —1.277 8] 0.362 [8] —2.554 [8]
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and they depict that Noo decrease and Nof increase as the
concentration of (TM = Cr, Mn) increases in In;_yTM,P.
We notice that the exchange constant Nof is negative, while
the Ny« is positive for Inj_xTM, P at all concentrations (x =
0.0625, 0.125, 0.25) of (TM = Cr, Mn). This indicates that
the exchange coupling between VB and 3d (TM = Cr, Mn)
is anti-ferromagnetic, but it is ferromagnetic between CB
and 3d (TM = Cr, Mn). This means that the In; _4Cr,P and
In; _xMn, P materials exhibit ferromagnetic features.

4 Conclusion

The first-principle calculations of the DFT within the FP-
LAPW method and WC-GGA approximation was used to
investigate the structural, electronic, and half-metallic fer-
romagnetic properties in zinc blende phase of Inj_xTM,P
(TM = Cr, Mn) at various concentrations (x = 0.0625,
0.125, 0.25). We reached the following conclusions:

e The large hybridization between 3p (P) and partially
filled 3d (TM = Cr, Mn) states creates the anti-bonding
states in the gap of majority-spin channel, and this sta-
bilizes the ferromagnetic ground state associated with
double-exchange mechanism.

e The strong p—d hybridization reduces the total mag-
netization of In;_xCr,P and In;j_xMn,P to less than
3up and 4up, respectively, and induces smaller con-
tributions on the non-magnetic In and P sites. Thus,
the integral value of total magnetization confirms the
half-metallic behavior of In;_yTM, P compounds.

e The Inj_4TM,P (TM = Cr, Mn) at concentrations
(x = 0.0625, 0.125, 0.25) are half-metallic ferromag-
nets with half-metallic gaps and 100 % magnetic spin
polarization.

e The largest half-metallic gap in In;_xCr,P at a low
concentration of x = 0.0625 reveals that Cr-doped InP
seems to be a more potential candidate than the Mn-
doped InP for spin injection applications in the field of
spintronic devices.
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