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Neutron-diffraction measurements were made on an orderegr Mingle crystal in a wide
temperature range up to 1030 K. The ordered s;Mralloy was found to maintain an
antiferromagneti¢AF) triangular spin structure up to the” Bletlemperaturdl y=960+ 10 K. The
lattice parametea shows a continuous change in the temperature range incldgjndn contrast

to the isostructural ordered Mt alloy, these observations indicate that an AF—AF phase transition
is absent in the ordered Min alloy. © 1999 American Institute of Physics.
[S0021-897€09)01919-2

I. INTRODUCTION ence stimulated us to investigate the magnetic properties of
Mnglr.

‘Considerable interest has been renewed in antiferromag- |n this article, we present a neutron-diffraction study of
netism in Mn _,Ir, alloys, mainly because ferromagnetf®  the ordered Mgir single crystal in a wide temperature range
Co,_,Fe, and antiferromagnetid AF) Mn, _,Ir, bilayers  including Ty. The ordered Mgir alloy is found to maintain
give a strong exchange bias in spin-valve structifeShe 4 triangular spin structure up . The ordered magnetic

application of Mn_,lr, film relies on the magnetic phase moment and the lattice parameter are derived from(10€)
diagram established by Yamaok&.The Neel temperature Bragg reflection.

Ty in disorderedy-phase Mp_,Ir, alloys increases with in-

creasing Ir content from 570 K for=0.08 to 730 K forx || EXPERIMENTAL PROCEDURE
=0.25. This is in marked contrast to the decreas&jrfor ) o
yMn alloys such as Mp,Cu,® Mn;_.Ni,, and A mixture containing 25 at. % Ir was melted, turned, and

Mn,_,Pd,.% In contrast to the AF order, the introduction of "émelted in an alumina crucible in an Ar atmosphere. The
Ir decreases the structural phase-transition temperature frofifngle crystal was grown from the ingot by the Bridgeman
face-centered cubicfcc) to face-centered tetragondicty ~ Method, annealed at 1000 K for three weeks in an evacuated
phases: the fcc—fct transition temperature in,Myir, is 510 ~ quartz tube, and then cooled to room temperature in a fur-
K for x=0.08 and 240 K fox=0.13. Thus the fcc—fct tran- Nnace. Neutron-diffraction experiments were performed using
sition temperature is considerably lower th@g. Finally, & conventional-type triple-axis spectrometar, installed at
Mn, _Ir, alloys withx>0.15 remain cubic even at low tem- @ thermal guide of JRR-3M, Tokai. The neutron wavelength
peratures. The fctl1l)-oriented CgdFey .and Mny_,Ir, bi- ~ WasA=2.437 A. Bragg reflection intensities for Min were
layer gains the high exchange field around0.221 subject to a neutron pass in the sample, due to the large
The magnetic structure in a disordered Mdr, ,salloy ~ @bsorption of the neutron beam by the Ir nuclei. To diminish
has been studied using neutron-diffraction experiméame  the absorption effect, we shaped the sample into a disk 8 mm
possibility is the collinear spin state where alternating planed diameter and 2 mm thick. The sample in the furnace was
of up and down spins appear along ff@91] axis (type-1 pla_ced with the[110] cry_stal axis perpendicular to the scat-
antiferromagnet The alternative is that each spin on the four t€ring plane. Neutron-diffraction measurements showed that
sublattices is directed along ti#11) axis. In practice, it is the annealed sample had thei8u-type crystal structure.
very difficult for fcc Mn-based alloys to distinguish between Absence of a diffuse peak arourt@01) supports that the

the two models. ordered sample is almost free from the disordered phase.
The Neel temperaturd y, for a M, 4drg »s alloy is raised

by ordering in a CyAu-type crystal structur®.The analo- Ill. RESULTS AND DISCUSSION

gous ordered MgPt alloy exhibits an AF—AF transition be- Figure 1 shows the longitudinél00) and(111) scans in

7 g .
low Ty." In contrast, the AF-AF trgnsn_lon is absent from p.ir at room temperature. Solid lines in Fig. 1 are Gaussian
the isostructural ordered MRh alloy’® This notable differ- fits to the peak profiles. The ratio oft1))- to (100-
reflection integrated intensitieb;11/11p0 IS evaluted as 9.2
dElectronic mail: izumi.tomeno@toshiba.co.jp %102, The full width at half maximum(FWHM) of the
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FIG. 1. Longitudinal scans around) the (100 and (b) the (111) Bragg-
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FIG. 2. Longitudinal scans aroun@) the (110 and (b) the (200) Bragg-

peak positions for Mglr at room temperature. Solid lines are Gaussian fits peak positions for Msir at room temperature. Solid lines are Gaussian fits

to the peak profiles.

(111 peak is one and a half times that of #i®0 peak. The

to the peak profiles.

Both the nuclear and the magnetic scattering contribute
to Bragg reflectionghkl) with integersh, k, andl, except for

squares of the nuclear structure factors for two reflections a'thhh. Figure 2 illustrates the longitudin&l10 and (200)

expressed as
Flmgz(bw_bMdzy
F112°= (b +3byn)?.

Using the values for the nuclear scattering lendifs10.6
x 10" 1 cm, andby,,=—3.73x10 2 cm, we obtainF ;o
=2.05x10 ?* cn? and F,;,°=3.5x10 27 cn?. Thus, the

scan data at room temperature. The relationsigs?
=(b,—bumn)? and Fyod= (b, +3byn)? partly explain the
obvious difference in intensity betweéhl10) and(200). The
FWHM of the (110 peak is comparable to that for t(#00)
peak. We also point out the similarity between {860 and

the (111 reflections. The broadening of tkiekl) linewidth is
observed on the condition thdt,,> is expressed asbf
+3by,)2. These results suggest that the inclusion of the

low Fy;,° value can essentially account for the extremelyclusters of the disordered phase gives rise to the nuclear dif-

weak intensity of thg111) reflection. The(100) Bragg re-

fuse scattering aroun(®00 and (111). Figure 1b) shows

flection is the sum of nuclear and magnetic peaks, whereabat the weak nuclear-peak shifts slightly from {141 re-
the (112 reflection represents the nuclear peak. Thus theiprocal lattice point to the smaller scattering angle. The
integrated intensity ratiol,11/1109, Should be less than broad peak plotted in Fig.(B) also deviates from th€00)

F1172/F108=1.7X10 3. The observed ratid;;/1 9= 9.2

reciprocal lattice point. The lattice parametefor the disor-

x 102 is considerably higher than the expected value. Thalered Mn -drg ,s5 alloy is slightly larger than that for the
uncertainty due to the neutron absorption does not suffierdered phasé.Here the reciprocal lattice is constructed
ciently explain this discrepancy. A possible explanation isbased on the ordered phase. Thus the deviation from the
that the disordered phase gives rise to the enhancement wdciprocal lattice point is in favor of the interpretation that

[ 111/1190@nd the broadening of th&11) linewidth. Since the

the nuclear diffuse scattering mainly originates from the in-

F1of value is reduced to zero for the disordered phase, alusion of the clusters of the disordered phase. The distinc-
slight deviation from the perfect ordered phase is expected tbon between th€200) and the(111) reflections is that the

enhancd 111/1 0.

(117 reflection is free from the magnetic scattering.
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FIG. 5. Temperature dependence of the integrated intensity of1b@

peak for Mnylr. The dashed line is the calculated temperature dependence of
the nuclear-scattering part of tli€00) reflection due to the Debye—Waller
factor.

¥ ¥ absence of magnetic diffuse scattering suggests that each Mn

_ _ ) moment points exactly along tH@12 direction.
FIG. 3. (a) Antiferromagnetic structure antb) the correspondind111)

surface spin structure for Mir. Open and solid circles represent Mn and Ir We meas_ured th.e temperature dependence O(]Iﬂ@
atoms, respectively. Bragg reflection. Typical data are shown in Fig. 4. Figure 5

plots the integrated intensity of tH&00) reflections. The AF
phase transition for the ordered alloy occursTai=960

+10 K, in good agreement with the value determined by

The absence of superlattice magnetic peaks is found by, scentibility measuremerftsThe Neel temperaturer for
scanning along thgh00] and [hhQ] directions in the range  yhe corresponding disordered phase is 786 Fhe dashed

0<h<2, the[hhh] direction in the range &h<3/2, and  |ihe i Fig. 5 is the calculated temperature dependence of the
the[2hQ] direction in the range @ h<1. These observations nuclear-scattering part of thel00) reflection due to the
lead to the conclusion that the ordered JMralloys have the Debye—Waller factot® using the Debye temperatur®
triangular spin structure shown in Fig(@ The Mn mag-  _359 K for Mnyr.!' The subtraction of the nuclear-
netic moments are parallel to titel1) plane, and aligned in  geattering part gives the magnetic part of the integrated in-
the (112) direction. The same magnegc structure has beef g of the(100) reflection, | gy , depicted in Fig. 6. The
proposed for the ordered MRh alloy*® and 7for the low- o4jid line in Fig. 6 is a least-squares fit to the data with the
temperature phase of the ord_eredg??lnalloy. The (11D- power law function, I ;opy(1—T/Ty)?® using 8=0.17
oriented Mnlr and Cq_Fe, bilayer is expected to have @ + 91, On the other hand, the intensity of tiL0) mag-
strong exchange coupling. As illustrated in Figo3the spin o4 reflection for the disordered MBdro 17 alloy, 1110, i

configuration in the(111) plane indicates that the ordered found to obey the relationship,,<(1—T/Ty)2? with T
Mngslr alloy is treated as an unfrustrated antiferromagnet. The ! N N
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FIG. 6. The magnetic part of the integrated intensity of th@0) reflection
FIG. 4. Temperature dependence of ti®0 reflection. Solid lines are in Mnslr, 1,00y The solid curve is a fit to the data with the power law
Gaussian fits to the peak profiles. function loye (1—T/Ty)?# using 8=0.17.
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3.0 Figure 7 shows the temperature dependence of the lattice
I ™ o . parametera extracted from the(100 reflection using a
" MnsPt ] Gaussian fit. For comparison, the MRt data reported by
Yasui et al® is also plotted. The lattice parametarfor
Mnslr changes smoothly in the wide temperature range in-
1 cluding Ty . On the other hand, the lattice parameaefor
4 MnsPt shows the 0.75% increase from the low-temperature
] AF to the high-temperature AF phase transitidd The lat-
1 tice parameter data also supports the absence of the AF—AF
i ] transition in Mnylr.
3.82r ST On heating toTy, the lattice parametea in Mnslr de-
[ . : viates upwards from a linear temperature behavior. The lat-
380k . ] tice parametea in the low-temperature AF phase of MRt

- . 1 also has the nonlinear temperature dependence. In contrast,
I . ] the lattice parametera in the paramagnetic phase of these
3.78F . Mn3ir alloys increase linearly with increasing temperature. The
LS Mnslr result shows that the AF phase transition gives rise to
the lattice contraction just belowy . The x-ray diffraction
Temperature (K) study on the ordered MRt indicates no deviation from cu-
bic symmetry in the low-temperature AF phaséhis sug-
gests that the lattice contraction in Minis isotropic.

3.881 s
3.861

3.84r-

?
—
Z

Lattice parameter a (A)
[ ]

s ) PR L P S R |
200 400 600 800 1000

FIG. 7. Temperature dependence of the lattice paranaeter Mn;lr. For
comparison, the MyiPt data taken from Yasuit al. (see Ref. 18is plotted.
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