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The Nesl temperaturdy , electronic specific heat coefficiept, band structures and the effective exchange
constant], of theL1y-type Mnlr alloy system have been investigated. The valu€pfs highest among Mn
alloy systems, being 1145 K for the alloy with 50.1% Ir. The temperature dependence of electrical resistivity
exhibits a hump just belowly and the experimental electronic specific heat coefficigntis small of
2-3mJmol ' K2, characteristic to pseudo-gap-type antiferromagnets, theydhrather larger than that of
otherL1,-type Mn alloy systems. In addition, the concentration dependenckg and y, are not so sensitive
to the Ir concentration. These behaviors are well explained by the theoretical calculations, that is, a pseudogap
is formed around the Fermi levélr and the total density of states of the equiatomic Mnlr alloy in the
antiferromagnetic state is about 6 states Rgtom * spin !, corresponding to about 1 mJ malK ~? of the
calculated electronic specific heat coefficigif'. The Neel temperature s calculated fromJ, in the mo-
lecular field approximation is 1495 K, highest among several kinds ofLthetype equiatomic Mn alloy
systems. From the calculated resultsTQT' under the different additive element and/or the lattice constants, it
is concluded that the magnitude of théeNeemperaturdy of the L1,-type equiatomic Mn alloy systems is
explained by thel, curve which reflects the difference in the number of electrons at the Mn site.
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I. INTRODUCTION pinning layer of giant magnetoresistan@&MR) (Refs. 13—
16) and tunnel magnetoresistan€EMR) devicest’° The
Several kinds of equiatomic Mn alloys with Ni, Pd, Pt, y-phase of the Mn—Ir alloy system is also attractive for the
Rh, and Ir have th&2 (CsC)-type cubic phase at high tem- pinning layer, because excellent properties are obtained with-
peratures and transform to thé, (CuAu-l)-type tetragonal 0Ut postannealingf~>* On the other hand, the equiatomic
phase with a diffusionless martensitic transformation proces¥Inir alloy system has scarcely been investigated for the
at low temperaturek;* From neutron diffractions and mag- €lectric devices mentioned above, although thiy-type
netic data, it has been reported that thi,-type phase ex- Mnlr alloy is known to be antiferromagnetic at room tem-

hibits a collinear antiferromagnetic structure and the equiP€rature from neutron diffractiorfS Since the magnetic data

. . 6
atomic MnNi® MnPd®® and MnPt(Refs. 5, 7, 8alloys have 1 1960s suggest thalfy is above 1100 K? the L1o-type

a very high Nel temperaturd, of about 1070, 810, and 970 Mnlr alloys in the vicinity of the equiatomic composition:
. L S would be expected to have a very high antiferromagnetic
K, respectively. Recent theoretical investigations have dem-

. stability.
onstrated that the density of statd309) of the L1,-type | - : -
. : ) n the present study, we have investigated the electrical
equiatomic MnN© MnPd° and MnPt(Ref. 11 alloys ex- b udy, we have investig !

A i X resistivity and the low temperature specific heat capacity of
hibit a pseudogap around the Fermi lefgl. The formation 4 L1,-type Mnir alloy system in order to investigate the

of the pseudogap is attributed to the antiferromagnetic stadyee| temperaturely, and the electronic state. Furthermore,
gered field due to the ant_lferromagnenc Spin arrangementgpe hand structures and the effective exchange conggant
and hence no pseudogap is formed in the paramagnetic staigfjich gives an estimation dfy are calculated by the tight-

as well as the ferromagnetic state. In fact, the experimentaiinding linear muffin-tin orbital(LMTO) method with the
data for these equiatomic alloys show the characteristic bapcal spin densityLSD) functional approximatiofi:**:27-2

haviors of the pseudogap-type antiferromagnets such as a

substantially small electronic specific heat coefficient

(Refs. 10, 12and a clear hump just beloW in the electri-  1I. EXPERIMENT AND THEORETICAL CALCULATION

cal resistivity (p)—temperature ) curvesi®'? Such charac- METHOD

teristic band structure is common to théy-type equiatomic

MnNi, MnPt, and MnPd alloys with the same crystal

structure’ 2 Accordingly, it is considered that the high sta-  Several kinds of the specimens were prepared by arc-

bility of antiferromagnetism for these alloys is closely corre-melting in an argon gas atmosphere and annealed at 1073 K

lated to the band structure. for 72 h in vacuum sealed quartz tubes and slowly cooled
Recently, due to a high stability of antiferromagnetism,down to room temperature. Their crystal structure was iden-

especially, MnPt alloy system has been intensively investitified as anL 1,-type single phase and the room temperature

gated from the viewpoint of practical applications such as dattice constant was obtained by x-ray powder diffraction.

A. Experimental procedure
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The mass density of the specimens was examined by using 170
toluene as a working liquid. The alloy compositions were
confirmed by an inductively coupled plasmi&€P) analysis
and also decided from the density derived from the lattice
constants. The electrical resistivity from room temperature
up to 1300 K was measured by a conventional four-probe
method. In the x-ray diffractions at high temperatures, a tan-
talum sheet and its diffractions were used as a sample stage 9
and a reference, respectively. The low-temperature specific

heat capacity measurements from 2 to 10 K were carried out

by a thermal relaxation method.
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B. Outline of theoretical calculation method

For the electronic structure calculations, the linear muffin-
tin orbital (LMTO) method is employed within the frame- 160 —
work of the local spin densityLSD) functional formalism. L (b) ;
After accomplishing the self-consistent calculations, we fur- : 50.1 % Ir -
ther evaluate the N temperature in order to examine the -
stability of the magnetic structure by using the effective ex- 120
change constant given by the following equatfér® i

£ (U cm)
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The quantityJ; can be regarded as the amplitude of the ex- ol . v
change field acting on an atom denotedidyy surrounding 300 600 900 1200 1500
moments. In the above equation, T (K)

Qi(w)z[piﬂ(w)—piw(w)], ) FIG. 1. Temperature dependence of electrical resistipityf
several kinds of th& 1,-type Mnlr alloys with lesga) and moreb)
where p”(w) is the potential function given by”(w) than half of the Ir concentration, respectively. The arrows indicate
={(0—C)IAYS/ 8y &, and ivifm’(w)z[(pV(w) the Nesl temperatureT defined from the minimum point in the
' ' temperature derivative of the electrical resistivity—temperature

—S’)‘l]i‘i"" is the so-called auxiliary Green function, in the oo

tight-binding LMTO scheme, constituted of the potential

functionp”(w) andS” the screened structure constants given .

by S7=S(1— yS) L. Here, we definé. = (i,I,m) (i denotes less(a) and more(b) than half of the Ir concentration, re-
the site,] andm are orbital indicesand o as the spin state, Spectively. Thep—T curves exhibit a hump, and additionally
the quantitieC, A, andy are the potential parameters deter-show a hysteresis at higher temperatures for 40.2% and
mined within each atomic sphere by using the LSD. Using41.6% Ir. These behaviors are similar to those of the
J;, the Neel temperatureTy is obtained by the following pseudogap-type antiferromagnetic MnPd alloy system in
expression based on the generalized molecular field theomyhich the phase transformation from tig2-type to the

by Liechtensteiret al.?’ L1,-type structure takes place aboVg.° The concentra-
tion dependence of the mass density and the room tempera-
T,ﬁﬁ. (3)  ture lattice constants are in good agreement with the previous
3kg data in the literaturé® In Fig. 2, we set representative x-ray

The tight-binding LMTO method is also useful for the powder diffraction patterns of thiel,-type Mnlir alloy with
treatment of the substitutional disordered system in whictft0-2% Ir. The upper and lower patterns are the results at
we can apply the coherent potential approximatiGiPA).2°  room temperaturéR.T)) and at 1273 K, respectively. The
In the present work, we perform the CPA calculations in theformer can be identified as a single phase of tHig-type
paramagnetic state, regarded as a disordered local momegitucture and the latter is as a mixed phase oflthgtype
(DLM) state where the moment directions are randomlystructure with théB2-type structure. Although the diffraction
distributed. patterns at higher temperatures above 1273 K cannot be ob-

tained because of our experimental limitation, it is clear that
IIl. RESULTS AND DISCUSSION the h.y.steresis in the—T curves corresponds to the phase
transition, and the transition temperature is in accordance

Figures 1a) and 1b) show the temperature dependence with that in the phase diagram of the Mn—Ir alloy systém.
of electrical resistivityp of the L1,-type Mnir alloys with  other Mnir alloys in Figs. @@ and Xb), no x-ray powder
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FIG. 2. X-ray powder diffraction patterns of thel ,-type Mnlr 3 %
alloy with 40.2% Ir. The upper and lower patterns were measured at
room temperaturéR.T) and 1273 K, respectively. i 1 094
diffraction patterns corresponding to tiB2-type structure . .
have been confirmed up to around 1250 K. From room tem- 40 45 50 55 092
perature neutron diffraction data, it has been reported that the
L1o-type Mnlr alloy has a collinear antiferromagnetic spin Ir (%)

structure?® Therefore, it is regarded that the hump in the FIG. 3. Concentration dependences of the room temperature lat-
p—T curves is associated with the appearanceTgf In tice constants, c, and the ratio ot/a of theL1,-type Mnlr alloy
general, the feature qf at Ty in antiferromagnets depends System, together with the previous dataef. 26.

on the periodicity and dimensionality of their magnetic struc- . ,
ture. Using the following scaling of the critical exponents, COMPOsition of Mnir. The value df is comparable to that of

e, Bo, andy, With ag+28,+ y.=2, the temperature de- the Llo—t.ype equiatomic MnPt alloy, whergas the valueaof
rivative of resistivity ¢b/dT is expressed 483! of Mnlr is smaller than that of MnPE being close to the

cubic lattice. In this connection, the room temperature lattice
dp/dT=—Ag (2t 721 Bg~(ac*¥~1)(T<T,), (4) constants of andc for theL1,-type equiatomic MnPt alloy
are 4.002 and 3.672 A, respectively, and tha ratio is

with 0.918%
T-T Given in Fig. 4 is the concentration dependence of the
8:‘ T N Neel temperatureTy obtained from the present electrical
N

Thus, the sign of g/dT at Ty is determined by the magni- 1300 . . : . : .

tudes of the coefficientA and B. In the case of the

pseudogap-type antiferromagnets, the number of the conduc- ./r/-f—'_"""l

tion electrons changes with the onset of the antiferromag- A/A\A_ Ni
netic ordering, and the first term in E}) becomes domi- 1000

nant. As a result, @/dT exhibits a minimum afly and the
p—T curve is accompanied by a hump just beldy. The
arrows in Figs. (a) and Xb) indicate Ty defined from the
minimum point in the @¢/dT—T curves. The value of  is 700
highest in the vicinity of the equiatomic composition and it

gradually decreases with deviating from the equiatomic com-

position, that is, the highestvalue dfy observed in the

Ir

T, (K)

Mn,,, , TM
present study is 1145 K for the alloy with 50.1% Ir. The 400 : ' : ' : :

X

40 45 50 55 60

hump just below Ty is not so clear as that of other %)
X (7

pseudogap-type antiferromagnetic Mnf®Ref. 10 and MnPt
(Ref. 12 aHOYS' This behayior i,S very Consiste_r1t with the FIG. 4. Concentration dependence of theeNemperaturel
band calculations as described in connection with Fig.6 ¢, the L1,-type Mnlr alloy system obtained from the present elec-
~ Concentration dependences of the room temperature lafica| resistivity measurements, together with that of tHe-type
tice constants, ¢, and the ratio of/a of theL1p-type MnIr  mp, o . TM, [TM=Ni (Ref. 5, Pd (Refs. 5, 32, and Pt(Refs. 5,
aIon SyStem are plotted in Flg 3, together with the preViOUSlZ)] a||0y systems. The solid and open symbo|5 indic’ﬁmob_
data?® The lattice constants af andc are 3.855 and 3.644 tained from our electrical resistivity measureme(Refs. 12, 32

A, respectively, thus the/a ratio is 0.945 for the equiatomic and previous neutron diffractior®ef. 5, respectively.
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TABLE I. The experimental electronic specific heat coefficient
(7e in mImol !t K~2), the calculated electronic specific heat coef-
ficient (¥ in mJmol 1 K~?) obtained by the total density of

states(DOY), the experimental N temperaturey in K), and the

v 4 - calculated Nel temperature'(&a' in K) given by the effective ex-
10 change constani, for the L1y-type equiatomic MNTM TM=1r,
= Ni (Ref. 33, Pd (Refs. 10, 33 and Pt(Refs. 12, 33]. alloy sys-
= L tems.
é F‘O——O-./
L N2 1 4
s‘; 2 Ye Y& Tn T Reference
o a5 50 55 ] Mnlr. 21 ~1.0 1145 1495
Ir (%) : MnNi 0.7 ~0.3 ~1070 1224 5,33
00 — '2'0 — '4'0 o '6'0 — '8'0 — '100 MnPd 03 ~0.3 810 1077 5, 10, 33
MnPt 02 ~03 970 953 5, 8,12, 33
72 (K2)

FIG. 5. Low-temperature specific heat capad@y in the form  curves refer to the majority and minority spin states, respec-
of C,/T—T2 for the L1y-type Mnlir alloys. The inset shows the tively, for the Mn and Ir sites. In the calculations, the lattice
concentration dependence of the electronic specific heat coefficierfonstants are settled ss=3.855 andc=3.644 A c/a
Ye in mImol ' K~2, =0.945) deduced from the room temperature x-ray diffrac-

tion in Fig. 3. The paramagnetic state can be calculated by
resistivity-temperaturep—T, curves for theL1o-type Mnir  the coherent potential approximaticiCPA) applying the
alloy system, together with that for thelo-type MnNi®  tight-binding linear muffin-tin orbitalLMTO) method for
MnPd?>*? and MnPt(Refs. 5, 12 alloy systems. The solid the system where both the Mn moments pointing upward and
and open symbols indicafgy obtained from our electrical downward are distributed randomly in the Mn sublattice. It is
resistivity measuremenifs® and previous neutron diff- evident from the figures that a distinct dip is formed around
ractions: respectively. From the figure, it is clear that the the Fermi levelE- in the AF state and the DOS curve be-
Mnlir alloy system has the highe$f, among thes& 1o-type  comes lower than that in the PM state. The total DOS in the
Mn alloy systems. In addition, the concentration dependenc@r state of the equiatomic Mnlr alloy is about
of Ty for the L1,-type Mnir alloy system is rather insensi- g states Ry aton L spin~! from the figure, corresponding
tive to the Ir concentration, compared with the otherig the electronic specific heat coefficient, of about
L1o-type systems. 1 mJImol * K2 using Eq.(5). The experimental electronic

The low-temperature specific heat capa@tyfor several specific heat coefficienty, in mJmol 1 K~2), the calcu-
kinds of theL1o-type Mnir alloys is shown in the form of |ated electronic specific heat coefficient y¢' in
C,/T-TZin Fig. 5. As shown in the figure, the data are well ;3 mor2 K~2) obtained by the DOS are listed in Table I,

fitted by a straight line in such low temperature regions. Theiogether with the experimentdly (Ty in K) and the calcu-

intercepting point of the ordinate obtained from the ”nearlatedTN (Tﬁla' in K) given by the effective exchange constant

extrapolation corresponds to the electronic specific heat coJ0 for the L 1,-type equiatomic MnTM TM=1r, Ni (Refs. 5

efficient y.. By neglecting the electron phonon coupling 33), Pd (Ref. 10, and Pt(Refs. 12, 33 alloy systems. Al-
term, the value ofy is expressed by though y, of the Mnir alloy is twice as large agl®, these
yo=1 TrzkéN(EF), (5) value_s_ are very small, compared with the data of ordinary
transition metals and alloys.
where kg and N(Eg) are the Boltzmann constant and the  As described above, it is clear that thé ,-type Mnir
total density of statetDOS) at the Fermi leveEg, respec- alloy system is pseudogap-type antiferromagnets from the
tively. The inset shows the concentration dependence,of band calculations, electrical resistivity and low temperature
in mJmol * K™ 2. The values ofy, for the MnlIr alloys are  specific heat data. Howevet, is larger than that of the
almost the same value of 2—3 mJmbK ~? in the present equiatomic MnPdRef. 10 and MnPt(Ref. 12 alloys which
concentration region. Namely, the magnitudeygfis insen-  exhibit a clear hump in the—T curves and their, is sig-
sitive to the concentration in the same manner as the concenificantly small, about 0.2—0.3 mJ mdiK ~2 in the vicinity
tration dependence dfy . The value ofy, is much smaller of the equiatomic composition. That is, the present calculated
than that of other ordinary transition metals and alloys, indi-band structures are in agreement with the experimental re-
cating a low DOS aEg, though the value is larger than that sults which are not so clear in hump just beldy in the
of the L1,-type equiatomic MnTM (TM=Ni, Pd, and Pt  p—T curves and not so significantly small in the valueygf
alloys!%* Both the experimental and the calculated valuescompared with those of equiatomic MnPt and MnPd alloys.
of ye are listed in Table | for the following discussion. The calculated magnetic moments of Mn in the AF and PM
Figures 6a) and b) display the calculated local density states are 2.74 and 2.18;, respectively. The value of the
of states(DOS) of Mn and Ir for theL1,-type equiatomic former is not so different from the experimental value of
Mnlr alloy in the collinear antiferromagneti&F) and in the  about 3.4ug at room temperature for Mgir o alloy2® Fig-
paramagneti¢PM) states, respectively. The upper and lowerures 7a) and 7b) show the calculated local density of states
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FIG. 7. Density of states of Mn and Ir for tHel,-type equi-
atomic Mnlr alloy calculated by using the lattice constants for the
equiatomic MnPt alloy ¢/a=0.918) (Ref. 32. In the figure,(a)

FIG. 6. Density of states of Mn and Ir for tHely-type equi-
atomic Mnlr alloy calculated by the tight-binding linear muffin-tin

orbital (LMTO) method using the experimental lattice constants of . ; K .

the equiatomic Mnlr ¢/a=0.945). The upper and lower curves and (b) are in t.he antiferromagnetiAF) and paramagnetiM)
o o . . states, respectively.

refer to the majority and minority spin states, respectively, for the

Mn and Ir sites. In the figurga and (b) are in the antiferromag-

netic (AF) and paramagnetiPM) states, respectively. 30% would be adequate within the molecular field approxi-

. : . mation for three-dimensional system. As listed in Table I, the
(DOY of Mn and Ir for theL 1,-type equiatomic Mnlr in the values of T of the L 1-tvpe eyuiatomic MnN® MnPd 0
collinear antiferromagneti¢AF) and in the paramagnetic N 0-type €q ' '

(PM) states, respectively, replacing the lattice constants of"d MnPt(Ref. 12 alloys obtained fromJ, in the same
the L 1,-type equiatomic MnPt alloy, settled as-4.002 and mcilnner are 1224, 1_077, and 953 K, respectively. Therefore,
c=3.672A (/a=0.918) by using our experimental Ty of Mnlr is also highest among these systems. The calcu-
results®? Comparing with Fig. 6), the total DOS aEg is  lated magnetic moments of M2, in wg) in the AF and
larger and the whole of the bandwidth is slightly narrower,PM states, the effective exchange constalgtiQ meV) and
reflecting the increase of the lattice constants. The calculatetthe calculated el temperature ' in K) obtained from the
magnetic moments of Mn in the AF state and the PM statesurves(a), (b), and(c) are also listed in Table Il. The feature
are 3.12 and 2.8@g, respectively. of Jy curves(a) and (b) is very similar to each other, al-
Shown in Fig. 8 is the effective exchange constdnbf  though the magnitude of, at Er=0 is slightly different.
the L1,-type equiatomic Mnir alloy as a function of the The difference betweed, of two curves is 14 meV, corre-
Fermi levelEg calculated by using the experimental lattice sponding to be about 100 K ifiy. Moreover, by comparing
constants of Mnlr ¢/a=0.945) (a) and theJ, curve ob- the J, curve of the Mnlr(a) with that of the MnPt(c), the
tained by using the lattice constant of thd,-type equi- former shifts to a higher energy side, as a result, the position
atomic MnPt alloy ¢/a=0.918) (b) instead of the lattice of E-=0 comes close to the maximum of the peak indge
constants of thé 1,-type equiatomic Mnlr, together with the curve. This causes a large differenceJig of 70 meV be-
Jo curve for thel 1,-type equiatomic MnPt alloy itself using tween two curvesa) and(c), corresponding to be about 540
the lattice constantsc(a=0.918) (c).3*33*The actual Fermi K in T . Itis evident that the difference between the number
level Eg is located at the origin of the abscissa and the valuef electrons of Ir and Pt gives a larger contribution Jg
of Jo at Ep=0 is 193 meV in(a). The calculated N& tem-  rather than the difference between the lattice constants and/or
peratureTﬁ"' from Eq. (3) is 1495 K in permissible value by the c/a ratio. Consequently, the magnitude of, for the
considering the fact that the higher value i§ by 20%—  L1,-type equiatomic Mn alloy system is dominantly gov-
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FIG. 8. The effective exchange constdgtas a function of the c/a ratio for theL1y-type equiatomic MnAu alloy(Refs. 36, 37
Fermi levelEg . (a) L1y-type equiatomic Mnlr alloy calculated by together with the experimentaly of the L1y-type equiatomic
using the experimental lattice constantéa=0.945).(b) L 1,-type MnTM [TM=Ni (Ref. 5, Pd(Ref. 10, Pt(Ref. 12, and I alloys.
equiatomic Mnlr alloy obtained by using the lattice constants of the
L1,-type equiatomic MnPt alloyqa=0.918).(c) L1,-type equi-  With the value of thec/a ratio in the AF2 phase region, in
atomic MnPt alloy itself calculated by using the lattice constantswhich thec/a ratio varies from 0.85 to 1.00. The relation
(c/a=0.918) (Refs. 32, 33 between the values of{? for the L1,-type equiatomic

MnAu alloy and thec/a ratio is qualitatively in agreement
erned by the number of the electrons at the Mn site in analvith the experimental data. Strictly speaking, the experimen-
ogy with they-Mn system alloys*3° tal results ofTy for the L1y-type equiatomic MnTM alloys

Next, we show the K temperaturé’ﬁa' calculated by the deviate from the theoretical line for the MnAu alloy as given

Monte Calro simulations based on the Hisenberg model as &Y the dashed line in the figure. This would be caused by the
function of thec/a ratio in Fig. 9 for theL 1o-type equi- fact that the spin configuration of I_\/InT_M is not AF2 but
atomic MnAu alloy®®%" together with the experimental val- AF1, and the number of electrons is different between Au

ues of Ty for the L1,-type equiatomic MnTM (TM= Ni,5 and TM elements. Consequently, the data given in Fig. 9 tell
P40 pt v and 19 allooys. In the figure, AF2, AF3, and AF4 us that the lattice constant and/or tt¥& ratio also contrib-

phases stand for the collinear-type antiferromagnetic spibt® {0 the magnitude ofy to a certain extent, although the
configurations determined by calculating the total energieglumber of electrons at the Mn site dominafgg in the
The detailed spin configurations in each phase are in thklo-type equiatomic Mn alloy systems as discussed in con-
referenceg®3” Since the equiatomic MnAu has a crystal Nection with Figs. &) and &c). ,
structure slightly deformed from thB2 (CsC)-type struc-  Finally, we discuss the present results from practical
ture, the calculations were performed as a function otflae ~ VIWPOINts. For applications to GMR and TMR devices, it is
ratio in theL 1,-type structure with the fixed volume of the desired that t_he antiferromagnetic materlals for the_ pinning
experimental dat# The calculated magnetic structure and l2yer has a high Nl temperaturdy in order to obtain the
T&al for the equiatomic MnAu in which the/a ratio corre- _(Ie_xcellent p_roperﬂes, be_cause it is We_|| known that the higher
sponds to 0.7 in the 1,-type are in accord with the experi- | N the antiferromagnetic layer, the higher blocking tempera-

. . 40 _ i
mental one® It is worth noting thatTﬁaI linearly increases ture t.he exchange 'blas fllﬁ.ﬁ' Although thel. 1o-type equi .
atomic MnPt alloy is considered to be most advantageous, it

has been pointed out that useful concentration region is very
TABLE II. The calculated magnetic moments of Mm{i\ in  narrow and restricted in the vicinity of the equiatomic
wg) in the antiferromagnetic AF and paramagnetic PM sta’tes, th%omposition‘fl This is understood from the fact tha&t, of
effective exchange constand,(in meV) and the calculated Né  he MnPt alloy system is sensitive to the Pt concentration as

cal

temperature Ty in K) of the L 1,-type equiatomic Mr_1|r and MnPt_ shown in Fig. 4. On the other handly of the Mnir alloy

(Refs. 12, 3Balloys.(a) The values calculated by using the experi- oy stem is not only very high but also insensitive to the Ir
mentalllattlce constants of Mnllfb) the values of Mnlr alloy, using concentration, therefore, the Mnlir alloy system would be
the lattice constant_s of MnPt _mstead of those of Mnlr, &rdthe more useful for application. In the case of multilayer spin
values of MnPt, using the lattice constants of MnPt. valves, thermal treatments such as annealing are necessary to

cal cal cal obtain thelL 1,-type structure. For example, the MnPt alloy
Miin (AF) Mitn (PM) Jo N system needs annealing around at 550 K for several
Mnir (a) 2.74 2.18 193 1495  hours®®*~*|n the equilibrium state, the transformation tem-
Mnlr (b) 3.12 2.86 179 1387 perature from thé 1,-type structure to th82-type structure
MnPt (c) 3.22 2.99 123 953 in the Mnlr alloy system is lower than that of the MnPt alloy

system by about 110 KAccordingly, we can expect a lower
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FIG. 10. Concentration dependence of electrical resistjist
300, 400, and 500 K for the1,-type Mnir alloy system.

annealing temperature in spin valves for the Mnlr film, com-
pared with that for the MnPt film. In addition, the electrical
resistivity is also very important factor to select the antifer-

romagnetic materials because recent interest is how to design

the spin-valves by using films with low resistivity.For ex-
ample, the so-called current perpendicular to ple@eB-

type spin-valves are suitable for the narrow gap spacing in

the recording medi&**and hence the resistivity of the an-
tiferromagnetic layer should be diminished because the ant
ferromagnetic layer is relatively thick in the spin-valve mul-
tilayers. The reduction of electrical resistivity of the

antiferromagnets would bring about further progresses of

magnetoresistand®R) devices. From practical viewpoints,
the concentration dependence of electrical resistiyitat
300, 400, and 500 K is given in Fig. 10 for thel,-type
Mnlr alloy system. It is clear from the figure that the value of
p is lowest in the vicinity of the equiatomic composition and
the concentration dependencepdf not so sensitive to the Ir
concentration, in analogy with the concentration dependen
of Ty, compared with those in the MnPt alloy syst&m.

other magnetic layer in the GMR and TMR devices, it is

necessary to select carefully the alloy system and the con-

centration in the antiferromagnetic alloys. It is concluded
that theL 1,-type Mnlr alloy system is expected to be one of
the promising alloy systems for the pining layer of the ex-

&

Because the antiferromagnetic layer is thick, compared to

PHYSICAL REVIEW B 69, 104411 (2004

IV. CONCLUSION

To discuss the Nad temperatureTy and the electronic
state of thelL 15-type Mnir alloy system, the measurements
of electrical resistivity and low temperature specific heat ca-
pacity have been carried out. Furthermore, the band calcula-
tions have been performed by using the tight-binding linear
muffin-tin orbital (LMTO) method with the local spin den-
sity (LSD) functional theory, and the value dfy was esti-
mated from the effective exchange constanobtained from
the molecular field approximation. The experimental results
pesent the characteristic behaviors of pseudogap-type antifer-
romagnets, and the values ©f; and the electronic specific
heat coefficienty, correlated to the density of states at the
Fermi levelEr are in harmony with the theoretical results.
Practically, the less sensitive magnetic and electrical proper-
ties against the Ir concentration are expected to be useful.
The main results are summarized as follows:

(1) The electronic specific heat coefficiept in the concen-
tration region from 40% to 52% Ir is
2-3mJmol*K ™2, indicating very low density of
states. The band calculations also reveal a distinct dip
around the Fermi levet in the antiferromagnetic state,
consistent with the experimental results.

The temperature dependence of electrical resistivity ex-
hibits a hump just below Ty, characteristic to
pseudogap-type antiferromagnets. The magnetic and
electrical properties are not so sensitive to the Ir concen-
tration, compared with those of othef,-type Mn alloy
systems.

The theoretical and experimental values of theNem-
peratureTy of the L1,-type equiatomic Mnlr alloy are
highest among several kinds of thé ,-type equiatomic
Mn alloys.

For the high value ofy of the L1,-type Mn alloy sys-
tems, the control of the number of electrons at the Mn
site is important as well as the formation of the
pseudogap in the density of states.

)

)
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