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A class of spintronic materials, the zinc-blen@B) half metals, has recently been synthesized in thin-film
form. We apply all-electron and pseudopotenghlinitio methods to investigate the electronic and structural
properties of ZB Mn and Cr pnictides and carbides, and find six compounds to be half metallic at or near their
respective equilibrium lattice constants, making them excellent candidates for growth at low strain. Based on
these findings, we further propose substrates on which the growth may be accomplished with minimum strain.
Our findings are supported by the recent successful synthesis of ZB CrAs on GaAs and ZB CrSb on GaSb,
where our predicted equilibrium lattice constants are within 0.5% of the lattice constants of the substrates on
which the growth was accomplished. We confirm previous theoretical results for ZB MnAs, but find ZB MnSb
to be half metallic at its equilibrium lattice constant, whereas previous work has found it to be only nearly so.
We report here two low-strain half metallic ZB compounds, CrP and MnC, and suggest appropriate substrates
for each. Unlike the other five compounds, we predict ZB MnC to become/remain half metallic with compres-
sion rather than expansion, and to exhibit metallicity in the minority- rather than majority-spin channel. These
fundamentally different properties of MnC can be connected to substantially gpedthybridization andi-d
overlap, and correspondingly larger bonding-antibonding splitting and smaller exchange splitting. We examine
the relative stability of each of the six ZB compounds against NiAs and MnP structures, and find stabilities for
the compounds not yet grown comparable to those already grown.
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I. INTRODUCTION been found to be ferromagnetic and half metallic, for ex-
ample, perovskité$ and rutile structured CrO'>~* How-

Spintronic devices, which exploit the spin of electrons asever, the stoichiometry of these compounds has proven dif-
well as their charge, have already yielded breakthroughs ificult to control® and defects limit coherent transport that is
information storage and hold the promise of doing the samessential for most spintronic applications.
for memory, microprocessors, and a host of other The complications associated with the aforementioned
technologies— In spintronic applications, materials contain- compounds motivated Akinaget al® to search for HMs
ing atoms having large atomic magnetic momermtsl g, with simple structures, large magnetic moments, and high
where ug is the Bohr magnetgnand high Curie tempera- Curie temperatures. They found zinc-blerf@d&) CrAs to be
tures(above room temperatyrare critical. One class of ma- half metallic in full-potential linearized augmented plane-
terials which has been successfully employed in spintroniavave (LAPW) calculations, and subsequently succeeded in
applications is the magnetically doped semiconductdts. growing this compound in thin-film forni2.0 nm. Experi-
These materials can exhibit atomic moments in excess ahentally, they found &->400 K, and a magnetic moment
3up per magnetic atom. However, because of the dopingof 3ug per f.u., consistent witlab initio predictions. Subse-
incoherence of carrier transport is an issue in device perforquently, the synthesis of monolayer CrSb on GasSbh,
mance. Furthermore, the most studied doped cubic semicoliGa,Al)Sh, and GaAs substrates was reportetihese com-
ductor, Mn-doped GaAs, suffers from a low Curie tempera-pounds are half metallic, and have large magnetic moments,
ture Tc=110 K. high T (above room temperatureand a simple ZB struc-

Another class of materials which has been considered foture. They are thus promising for device applications involv-
spintronic applications is the half metaldMs).® de Groot ing existing 1ll-V semiconductor technologies.
et al1® were the first to introduce the term “half metal” in Since the initial prediction and subsequent synthesis
studying theC1,-type Heusler alloys, NiMnSb and PtMnSh. of ZB CrAs® several theoretical studies on this class
Half metals are so named because one spin channel is mef compounds have appear€d?® employing a number of
tallic while the other is insulating. The polarization of the ab initio methods: plane-wave pseudopotentiBWPP,?!
carriers is thus complete, contributed entirely by one spirL APW,16:18:20.24.25.28 inaar muffin-tin  orbita®>?° full-
channel at the Fermi energ§ . This is in marked contrast potential screened Korringa-Kohn-Rostokef®?’ and
to the usual ferromagnetic metals such as iron in which botlatomiclike orbita’??° Issues addressed in these studies in-
spin channels contribute B, resulting in substantially less clude the existence of half metallicity at different lattice
than 100% polarization. Because of the complete polarizaconstant$?42"-28jith different surface terminatiorf8;?’in
tion in HMs, layered structures in which they are incorpo-the context of interfaces, and under different exchange-
rated can exhibit large magnetoresistances, and so showorrelation approximation&-?8stability of ferromagnetic ZB
great promise for a variety of device applicatidnis addi-  relative to other crystal and magnetic structuf®s,23-2
tion to the Heusler alloys, some transition-metal oxides haveéhe nature of the magnetism in ZB vs other crystal
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structures®242the effect of catioff and anioR* species on TABLE I. Six ZB Cr and Mn pnictide and carbide compounds
magnetism, the nature of the bondftg>?4?°~%the induced  that exhibit half metallicity at or near their respective equilibrium

antiparallel moment of the anidfi:*®??the stability of ferro- lattice constants. For each compound, the equilibrium lattice con-
magnetism with temperatu?%,and the effectiveness of all- stan.t.aOZ half meta}lic lattice cons.ta.n':tH.M (Iatti(;e constant nearest
electron generalized gradient approximati@GA) ab initio ~ Sdulliorium at which half metallicity is predictedDOS atE,
methods relative to the use of pseudopotentials and/or thmsulatmg-channel gap, and magnetic moment per formul_a unit are
local-density approximatioﬂ_DA).24'25 &ven. For each compound, LAPW results are listed on first lines,

- PWPP results on second lines.
In this work, we apply both all-electron and pseudopoten-

tial ab initio methods to investigate the electronic and struc-compound a,  auy DOS atEg Gap Moment
tural properties of Mn and Cr pnictides and carbides, and A) (A) (states/eV spin (eV) (ug)
find six compounds to be half metallic at or near their re-

spective equilibrium lattice constants, making them excellent'P 5.35 548 0.85 188 3.0
candidates for growth at low strain. Based on these findings, 5.42 547 0.82 18 3.0
we further propose substrates on which the growth may b&TAs 5.67  5.67 0.85 1.88 3.0
accomplished with minimum strain. We confirm previous 5.66  5.66 0.85 1.85 3.0
theoretical results for ZB MnAs, but find ZB MnSb to be CrSb 6.15 6.15 0.90 1.58 3.0
half metallic at its equilibrium lattice constant, whereas pre- 6.14 6.14 0.87 1.54 3.0
vious work has found it to be only nearly so. In addition, we MnAs 572 575 0.76 1.74 4.0
find two ZB compounds, CrP and MnC, to be half metallic 574 577 0.77 1.70 4.0
near their respective equilibrium lattice constants, and sugMnSb 6.19 6.19 0.78 1.41 4.0
gest appropriate substrates for each. While ZB Cr and Mn 6.21 6.21 0.79 1.40 4.0
pnictides are well suited to integration with existing 1ll-V MnC 436 4.26 1.23 0.79 1.0
semiconductor technologies, ZB MnC may be particularly 439 4.20 1.24 0.90 1.0

well suited to integration into either diamond or cubic
(B-phase SiC technologies, and so may be an excellent can-
didate for spintronics in high-pressure environments, an@utoff from 450 eV to 650 eV, and changing thepoint
possibly high-temperature applications. We examine th&ampling from 1331 to 3375 to 4913 points in the full zone,
bonding in these materials in some detail, and explain thgielded changes in total energy of less than 1 meV per f.u. in
fundamental differences between the half metallicity of MNCg|| cases. The same plane-wave cutoff was used for the NiAs
and the other five. and MnP structures as for the ZB structures. For NiAs struc-
In Sec. I, we discuss the computational methods emyyres, thec/a ratio was optimized; for MnP structures, both
ployed in this work. In Sec. Il, we discuss the predicted halfc/a andb/a were optimized.
metallic compounds and appropriate substrates, with particu- |n the LAPW calculations, a GGA functioridlfor ex-
lar attention to the bonding in these materials, and differ-change and correlation was also emp|0yed_ A cutoff of
ences between MnC and the rest. We summarize in Sec. |\ﬁ Kmang was used in the representation of the wave func-
tions, G,.=16 a.u- ! for the charge density, and 4096
points were used to sample the Brillouin zone. Convergence
[l. METHODS OF CALCULATION with respect to basis set amkegpoint sampling was carefully
verified. The effects of different core-valence energy parti-
Yions and local orbitals were also checked.

To clarify some questions that have arisen in previou
work, we employed both pseudopotential and all-elecabn
initio  density-functional method®. An ultrasoft PWPP
method!* was used for all calculations, and all-electron IIl. RESULTS AND DISCUSSION
full-potential LAPW calculation®+>® were performed to de-
termine equilibrium lattice constants, half metallic lattice
constants, magnetic moments, and densities of states, as aWe first confirmed our pseudopotential and LAPW pre-
check on the pseudopotential results. Where both methodiictions against available experimental and theoretical re-
were employed, both results are reported to demonstrate ttsilts for CrAs and CrSb. Our results are given in Table I.
excellent agreement of the two. This is significant since itUsing both methods, both compounds are found to be HMs
demonstrates that a pseudopotential approach is viable fovith a moment of 3y, in agreement with previous
such calculations, contrary to an earlier report based on theony}®2%282%nd consistent with experimetft}’ The pre-
different pseudopotential methddand so opens the way for diction of a CrAs equilibrium lattice constant of 5.67 A or
much larger calculations than are practical with full-potential5.66 A, using LAPW or PWPP methods, respectively, is
all-electron approaches. within 0.5% of the lattice constant of the substrate on which

In the pseudopotential calculations, a GGA functidhal the growth was accomplishéfl,and confirms recent all-
for exchange and correlation was employed. A plane-wavelectron GGA calculation® We find CrSb to be half metal-
cutoff of 450 eV and Brillouin-zone sampling of 3376 lic with an equilibrium lattice constant of 6.15 A or 6.14 A,
points(corresponding to 120 points in the irreducible wedge using LAPW or PWPP methods, respectively; again within
were used in all ZB calculations. Increasing the plane-wavé.5% of the lattice constant of the substrate on which the

A. Six zinc-blende half metals and substrates
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TABLE II. Ranges of lattice constamtwithin ~4% of equilib- -10. -75 -5. -25 0. 25
rium over which half metallicity is predicted, and suggested sub- 10k ' ' 2B-CrAs ' ]
strates for growth. For each compound, LAPW results are listed on A
the first line, PWPP results on the second. Substrate lattice con- 5 Lz Total DOS Er ]
stants(Ref. 39 are given in parentheses. 7 /\J\

o LeA A
HM _ i Vi
Compound a(A) Substratd lattice constan{A)] £-5 ‘% 1
u.’ 3 L Il L L
CrP >5.48 =L ' ' ' RS
>5.47 AlP (5.53 2 —Cre,
CrAs >5.51 5 4 F —Crt .
>5.50 GaAs(5.64, AlAs (5.62 2 *
Crsb >5.872 @2 A ]
>5.87%  AISb (6.13, GaSh(6.12, InAs (6.04 a, —
MnAs >5.75 R ialiad
>5.77 InP(5.87) 1 f = = = =+
MnSb >6.06 0
>5.96 AlSb, GaSb, InAs, InSt5.49 ol e V-\w :
MnC <4.26 . . . . "
<4.20 Alloys of diamond3.57), cubic SiC(4.35 =10 =Sfa =8 =28 [ 248
Energy (eV)

3 ower limit of range explored.
g P FIG. 1. Total and projected densities of states for zinc-blende

growth was accomplishéa(though in this case growth was CrAs. The middle and lower panels show the Cr and As contribu-
accomplished on various buffer layers, with shorter reﬂectior}ions' respectively. Separate spin directions are plotted as indicated
high-energy electron-diffraction pattern duration for larger™ th€ P panel.

lattice mismatches and confirming recent all-electron GGA jced to at least 6.09 A before half metallicity is lost. Fur-

results for this compount. o __thermore, we find this result to be robust with respect to the
We next searched for other Cr or Mn pnictides or carbidegpgice of computational parameters: variation with respect to
that might exhibit half metallicity at low(within ~4% of  podis set sizek-point mesh density, GGA functional, and

equilibrium) strain, and found among all possibi_lities just siX ~gre-valence energy partition were checked, and the half me-
such compounds. We confirm previous theoretical results fof,jic result was obtained in all cases.

17-24,27 : i i . . . . . . .
ZB MnAs, but find ZB MnSb to be half metallic atits  of particular interest in the list is MnC: unlike the pnic-

equilibrium lattice constant, whereas previous Workas ige compounds, we find that MnC becomes/remains half

found it to be only nearly so. In addition, we find two ZB etajlic with compression rather than expansion. As shown
compounds, CrP and MnC, to be half metallic near theif, hrevious investigations of transition-metal pnictides.,

respective equilibrium lattice constants. We list all six com-Rets 21 24 27 and 28half metallicity is generally de-

pounds in Table I, along with associated equilibrium 'atﬂcestroyed with compression, as valence and conduction bands
constantsa,, half metallic lattice constant,y (lattice con-  5re hroadened, and the exchange splitting is reduced. As we
stant nearest equilibrium at which half metallicity is pre- giscuss below, we find the nature of the half metallicity
dicted, density of state¢DOS) at the Fermi energy for the i \MnC to be fundamentally different, relying rather on

metallic channel, gap in the insulating channel, and magnetiparge bonding-antibonding splitting and moderate exchange
moment per formula unit. Based on the predicted equilibriumsp”tting_

and half metallic lattice constants, we further suggest sub-
strates for growth of each of the compounds with minimal
strain in Table II. For each compound, we give the range of _ S
lattice constants within-4% of equilibrium over which half ~ To understand the bonding and half metallicity in these
metallicity is predicted, and substrates having lattice connaterials, we f|r_st conS|d§-:-r their projected densities of states
stants in the vicinity of the compound’s predicted equilib- (PDOS. To clarify the differences between MnC and the
rium and half metallic values. rest, we compare it to one of the more studied pnictide com-
As mentioned above, using both LAPW and PWPP methPounds, CrAs. The results are displayed in Figs. 1 and 2. All
ods we find ZB MnSb to be half metallic at its equilibrium energies are referenced to the Fermi level. A general feature
lattice constant. The equilibrium lattice constant ag ~ Of ZB structurep-d hybridization is that thee, states are
=6.19 A, and the magnetic moment iu4 per f.u. This nonbonding and narrow, while thg, states mix strongly
lattice constant agrees well with a previous all-electron GGAWith neighboringp states and are broad.
calculatio* that obtaineda,=6.166 A. Reference 24 re-
ported MnSb to be close to, but not, half metallic at its equi-
librium lattice constant; we find that the Fermi level is within ~ Figure 1 shows the total DOS and PDOS for CrAs at
the gap by 0.2 eV and that the lattice constant must be reayy, . It can be seen that the Cr ion is fully polarized, as is

B. Bonding, half metallicity, and magnetic moments

1. CrAs
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o 75 5 25 o 25 essentially isolated aniom-states. In the region from
ZB-MnC —5.5 eV to 2.0 eV, the majority-spin DOS is also similar to
Total DOS Er that of CrAs. In MnC, however, the majoritg-d hybrid
antibonding states are completely abdwe. The majority
p-d hybrid bonding states are centered-at-4.5 eV, with
corresponding triply degenerate statef att —5.01 eV. The
corresponding triply degenerate antibonding states are at
] 6.79 eV. The bonding-antibonding gaplais thus 11.80 eV,
almost twice that of CrAs. The nonbondiuigstates contrib-
ute a strong peak at — 1.0 eV, with corresponding, states
atI” at —1.46 eV. Thus the significant differences between
MnC and CrAs majority states arg) the MnC states are
broader, due to stronger-d hybridization and greated-d
overlap (due to smaller volunfé) and (ii) the bonding-
antibonding splitting is larger in MnC, due to stronged
0s i - ' - hybridization, pushing the antibonding states completely
0.0 ——— aboveEr, whereas in CrAs they remain partially occupied.
-05 —Cp There are substantial differences also in the minority
-f0. -75 -5. -25 0. 25 states. The structure betweer6.2 eV and—2.2 eV is asso-
Energy (eV) ciated with thep-d hybrid bonding states, and is broader
than that in CrAs by more than 1 eV. The corresponding
FIG. 2. Total and projected densities of states for zinc-blendebccupied triply degenerate stateslatire at—4.58 eV. The
MnC at its half metallic lattice constant. The |arger bonding' Ferml energy passes through the nonbon(ﬂ@ates(wrth
antibonding splitting and smaller exchange splittingddle panel corresponding, states al’ at 0.02 eV, in contrast to CrAs
relative to Cr_As and the other _pnictide compounds produce a funynere the exchange spliting is sufficient to push the non-
damentally different half metallic nature. bonding states abovEr. The triply degenerate antibonding

the case in Cr@ The states at — 10 eV have anios-char- ~ States atl’ are at 7.12 eV. Consequently, the bonding-
acter, and are well isolated from the bonding states. Consicntibonding splitting at” is 11.70 eV, again, almost a factor-
ering the majority-spin states, the next higher energy strucof-2 larger than in CrAs. Thus_the S|gn|f|c§mt differences
tures between—4.5 eV and—2 eV show strong cation- between MnC and CrAs minority states &ii¢ the MnC
t,g—anionp hybridization(the corresponding triply degener- States are broader, due to strongedt hybridization andi-d

ate states al’ are at—2.94 eV). These are the bonding overlap, andii) the minority nonbonding states are partially
states. The strong narrow peak-a1.3 eV has strong cation- occupied in MnC, due to greater width and smaller exchange
e, character(the doubly degenerate states Bt are at splitting, whereas in CrAs they are completely ab&e.
—1.40 eV) and is associated with the nonbondihgtates. The origin and nature of the half metallicity in MnC is
The antibonding states form a broad structure beginning ahus fundamentally different than in CrAand the other Cr
~—1 eV and exhibit again mixed anign-and cationt,;,  and Mn pnictide compoungsThe greatep-d hybridization
character. The nonbondimstates thus occupy the bonding- and d-d overlap in MnC produces broader bands, greater
antibonding gap. To provide a measure of fhd hybridiza- ~ bonding-antibonding splitting, and smaller exchange split-
tion, we consider’-point energies. The unoccupied triply ting. The net effect is to push the majority antibonding states
degenerate states df are at 3.53 eV. The bonding- completely aboveEr and thus produce a substantial gap,
antibonding gap al’ is thus 6.47 eV, which we compare to making that channel insulating, while leaving the minority

MnC below. _ L nonbonding states partially occupied and metallic. Thus
The minority-spin states exhibit a similar structure but arey;nc has minority spin carriers, opposite to the pnictide

shifted up relative to the majority states by the exchange,mnpounds. Furthermore, compression reinforces half metal-

intgrﬁcéi(_)dn. Thehstrong pﬁak atl.?dev !S from the br(])nding licity in MnC by increasing the bonding-antibonding gap in
p-d hybrids(with somewhat more dominant anigneharac-  yhe " majority channel while reducing the exchange splitting,

ter than catiord). The corresponding occupied triply degen- ,, s |eaving the minority nonbonding states partially occu-
erate states df are at—1.66 eV. There is a separation of g This behavior is also opposite to that in the pnictide

6.68 eV from the next highgunoccupieditriply degenerate o h61nds, where compression destroys half metallicity.
states. The doubly degenerate minority statds ate at 1.69

eV. For all of the pnictide compounds, the antibonding states 3. Magnetic Moments
of the majority-spin channel are occupied upgg, leading
to metallicity in that channel, while the minority channel is
insulating due to the bonding-nonbonding gap.
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Given the above picture of the bonding in these materials,
a simple expression for their magnetic moments emerges.
Reference 27 gives the relation

2. MnC M =(Zip1—8) g (1)
The DOS for MnC atyy, is shown in Fig. 2. The struc- for the magnetic moment per formula uriid, of half metal-
tures at~—10 eV are similar to those of CrAgig. 1), i.e., lic zinc-blende transition-metal pnictide and chalcogenide
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compounds, wher&,,, is the total number of valence elec- g
trons in the unit cell. The relation is predicated, however, on s
the assumption that the exchange splitting is sufficient to
push the minoritye, states abové&g . This situation would
leave the minority anios-and p-t,4 hybrid states fully oc-
cupied and all higher minority states unoccupied, giving a
total minority occupation of 4. Equatiofl) then follows g
from >

M:(Nmaj_Nmin)MB:(Ztot_ZNmin)MBv i)

whereN,,; (Npip) is the number of occupied majorityni-
nority) states. Since the exchange splitting is not sufficient to
push the minoritye, states completely abovér in MnC,
however, Eq(1) does not hold for it. Furthermore, since in
MnC the majority rather than minority channel is insulating,
Eq. (2) is not readily applied. Rather, an appropriate relation
for MnC, and other such compounds, follows more naturally
from an equivalent expression in terms of majority occupa-
tion:

M:(Nmaj_Nmin)MB:(ZNmaj_Ztot)MB- ©)

In MnC, the bonding-antibonding splitting is sufficient to
push the majority antibonding states completely abBye
leaving the majority anios; p-t,y hybrid, andey states
fully occupied, and all higher majority states unoccupied,
yielding a total majority occupation of 6. And so the appro-
priate relation for such compounds is

M=(12=Zo) ug- (4) x(A) x(B)

For MnC, Zio1= ]:1' ar}d. EQ(A') predicts a momgnt (_Dfl‘lB, ’ FIG. 3. Contour plots of densities of selected states in CrAs and
in agreement.W|trab initio resn_JIts. An interesting implica- gaas. (@) Occupied majority-spin triply degeneratp-(,, hybrid)
tion of Eq.(4) is that as the cation atomic number decreasesyonding state af’ of CrAs. An xy-type d-like maximum pointing
the moment shoulthcrease precisely opposite to the pnic- from Cr toward As can be discerned. The bonding character be-
tide compounds. And indee@dp initio results for ZB CrC  tween the atoms is clearly reflected in the contour shaje<c-

show exactly this, i.eM=2ug. cupied p-like triply degenerate state in GaAs Bt Like (a), the
bonding character between the atoms is evidéot. Occupied
C. Charge Densities minority-spin triply degenerateptt,q hybrid) bonding state af’ of

. L. . L. CrAs. The bonding associated with these minority states is more of

In (_)rder to gain fl_thher insight into the b_‘?”d'”g In the_sean antibonding character than that (@. (d) Occupied majority-
materials, we examine some charge densities of CrAs in gnin goubly degeneratee) nonbonding state & of CrAs. The
(110 plane containing a Cr-As chain. FiguréaBshows the  siate is clearly nonhybridizing in nature: the charge is completely
charge density of an occupied triply degenerate majorityoncentrated about the Cr atoms, with no charge at the As atoms.
state at—2.94 eV. Anxy-type d-like maximum pointing
from Cr toward As(e.g., aroundx=0.5, y=0.5) can be atom is contributed mainly by @ orbital. The maximum
discerned. The maximum charge density near the Cr atom igetween the Cr and As atoms is 0.01. The charge between the
0.15(since only relative values are of interest, we shall omityyg atoms in this state reflects more of an antibonding char-
the unit3. The charge distortion that leads to a maximumgeter. As shown in the PDOig. 1), the occupied minority
along the bondwhich we refer to as the bond chajgee-  states show somewhat more dominant ampathan cationd
tween the two atoms is evident. The maximum value in thissharacter.
region is 0.1. Comparing the (_:harge distr_ibution of a triply Figure 3d) shows the charge density of an occupied dou-
degenerate valence-band maximum state in G&ks 3b)l,  ply degenerate majority state. This state is clearly nonbond-
the shape of the density around the As atoms is similar. Thgyg in nature: the charge is completely concentrated about

maximum value in the bond charge region of GaAs is 0.13¢ne Cr atoms, with no charge between atoms, and none at the
only slightly larger than the corresponding value in CrAs.as atoms.

The covalent bonding in these two states seems to be com-
parable in the two compounds, although in CrAs the hybrid-
ization isp-d in nature whereas in GaAs it sp.

Figure 3c) shows the charge density of an occupied triply  To assess the relative stability of each compound, we con-
degenerate minority state. The maximum of 0.07 near the Csider the total energy per formula unit in the ZB structure

D. Relative stability
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TABLE IlI. Energies per formula unit relative to the NiAs struc- considerably more complex than ferromagnetic Nigsg.,
ture. For each compound and structure, the optimized lattice corlelimagnetic MnP in the case of CrAsso that the results
stant andc/a andb/a ratios are given, as appropriate. All calcula- represent, strictly, merely lower bounds on instability.
tions correspond to ferromagnetic ordering. Experimental lattice

constantgRef. 39 are given in parentheses.
IV. SUMMARY

Compound  Crystal Relative Lattice c/a b/a

structure  energyeV)  constant(A) We have applied both all-electron and pseudopoteahal

initio methods to investigate the electronic and structural

CrP 7B 0.839 5.42 properties of ZB Mn and Cr pnictides and carbides, and
NiAs 0.000 3.50 154 found six compounds to be half metallic at or near their
MnP 0.343 5805940 091 058 respective equilibrium lattice constantSable ), making

CrAs 7B 0.768 5.66 them excellent candidates for growth at low strain. Based on
NiAs 0.000 3.66 153 these findings, we further proposed substrates on which the

growth may be accomplished with minimum strdifable

crsh M;; %gi% 6'12(6?'12422 0-91 08 I). Our findings are supported by the recent successful syn-
NiAs 0.000 4034109 1.47 thesis of ZB CrAs'or? GaAs_and ZB CrSb on GaSb, where
our predicted equilibrium lattice constants are within 0.5% of
MnAs Z.B 0.719 > 74 the lattice constants of the substrates used. We confirmed
NIAS 0.000 3.723.710 149 previous theoretical results for ZB MnAs, but found ZB
MnSb ,ZB 0.803 6.21 MnSb to be half metallic at its equilibrium lattice constant,
NiAs 0.000 4.114.129 1.39 whereas previous work has found it to be only nearly so. In
MnC ZB 0.555 4.39 addition, we found two ZB compounds, CrP and MnC, to be
NiAs 0.000 2.67 1.94 half metallic near their respective equilibrium lattice con-

stants, and suggested appropriate substrates for each. Unlike
the other five compounds, we found ZB MnC to become/
relative to NiAs and MnP structurg3able Ill). Internal co-  remain half metallic with compression rather than expansion,
ordinates were taken from Ref. 39. Lattice constants wer@nd to exhibit metallicity in the minority- rather than
optimized for all structuresg/a ratios were optimized for majority-spin channel. Based on projected densities of states
NiAs structures, and/a andb/a were optimized for MnP  (Figs. 1 and 2 and I'-point energies, we found that these
structures. In Table Ill we give for each compound and strucfundamentally different properties can be understood in
ture the optimized lattice constaat optimizedc/a andb/a  terms of substantially greatgu-d hybridization andd-d
as appropriate, and total energy per formula unit relative t®verlap, and correspondingly larger bonding-antibonding
the NiAs structure. The NiAs structure is found to be thesplitting and smaller exchange splitting. Unlike the pnictide
most stable in all casésubject to the constraint of ferromag- compounds, the-d hybridization in MnC is sufficient to
netic ordering employed in the present calculatjohone of ~ open up a substantial bonding-antibonding gap in the major-
the compounds exhibit half metallicity in the NiAs or MnP ity states, while the smaller exchange splitting brings that
structures. majority-spin gap up to, and the minority-speg states down
The relative stability of the NiAs structure for the Mn to, the Fermi energy. Based on this understanding of the
pnictides is consistent with previous findiMds$* Quantita-  bonding, we developed simple expressions for the magnetic
tively, however, for MnAs, there is some discrepancy in themoments in this class of compounds.
literature. Using a pseudopotential LDA approach, Ref. 21 The successful synthesis and incorporation of such half
found an energy per formula unit for the ZB structure, rela-metallic materials into spintronic devices holds the promise
tive to the NiAs structure, of-1.0 eV. Using an all-electron of truly on-off switching on the nanoscale, and with that, the
GGA approach, Ref. 24 found a value of0.71 eV. Our promise of a new generation of electronic technologies. Fu-
ultrasoft pseudopotential GGA calculations again show exture work will include an analysis of band structures and
cellent agreement with the all-electron calculations, with aFermi surfaces for these compounds in different structures,
value of 0.72 eV. Furthermore, we finctéa ratio of 1.49, in  and an investigation of the critical surface and interface is-
agreement with the all-electron results. For MnSb, howeversues surrounding their incorporation into layered structures.
we find a significant discrepancy in the relative energy. The
results of Ref. 24 show a relative ZB energy60.46 eV,
whereas we find 0.80 eV, almost a factor-of-2 larger. How- ACKNOWLEDGMENTS
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In any case, the results demonstrate that the ZB comdLNL ), SDSC, and NERSC. This work was performed, in
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structure comparable to those compounds already grown. We University of California, LLNL under Contract No.
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