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Magnetoelastic mechanism of long-range magnetic ordering in magnefitonmagnetic multilayers
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The observed correlation in antiferromagndé#é¢M) ordering across a nonmagnetic spacer is interpreted in
the framework of the phenomenological model. It is shown that the magnetostriction of one magnetically
ordered layer produces a strain field of the same symmetry in the next magnetic layer via the spacer. Such an
induced anisotropy favors a correlated orientation of the magnetic moments in all the layers. The value of the
induced anisotropy is proportional to the magnetostriction constant and it exponentially decreases with an
increase of the spacer thickness. A corresponding short-range interaction gives rise to an ordering of the AFM
layers throughout the film thickness and reveals itself in a linewidth of neutron diffraction spectra. Theoretical
predictions are in satisfactory agreement with the available experimental data.
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[. INTRODUCTION 20:m and 10m (m=4-10) in a wide temperature interval.
The crucial enhancement of the correlation length was ob-
The phenomenon of interlayer coupling in artificially Served in the Cl-doped MnTe/ZnTe M .The transfer of the

grown superlattices consisting of alternating magnetic andnagnetic excitations through the nonmagnetic buff_ear de-
nonmagnetic layers is a matter of great concern from both §uced from the magnon spectra for MnTe/ZnTe multildyer
fundamental and theoretical point of view. In metal—baseoaISO |nd|qates the presence of strong interlayer coupling. In

. , . Lo all experiments mentioned the estimated coherence length
multilayers(ML's) the magnetic ordering is transferred over

X across the layers was greater than 30 A.
the nonmagnetic spacer due to the_ prese_znce_of Iong-range A very similar effect of the unusually strong interlayer
RKKY interactions. A different situation arises in semicon-

; : . : . coupling over the nonmagnetic spacer was observed in the
ductors with low carrier density, especially in the ML's made (111) EuTe/PbTe ML3-17 For this system the AFM ordering

of antiferromagneticlAFM) materials. Of special interest \yas still detected even for a spacer thickness of 55'Ahe
among these systems are the AFM multilayers produced ORFM-|i type structure of EuTe consists of alternating ferro-
the basis of Mn Chalcogenides and zinc-blende 1I-VI Semi-rnagnetica”y Ordered]_ll) p|anes which are Coup|ed antifer-
conductors and also thelll) EuTe/PbTe system with a romagnetically to each other. In the case of an even number
rather thin(up to 10-15 monolayersionmagnetic spacer.  of sheets in the EuTe layer, the layer is pure AFM, whereas
The MnTe-based films grown by molecular beam epitaxyfor an odd number of sheets it is effectively ferrimagnetic.
have been widely studied experimentaily! The Mn chal-  The experiment§ have shown the most pronounced corre-
cohenides alloyed with nonmagnetic 1I-VI compouridsy., lation for the case of a four-she@ure AFM) EuTe layer, for
CdTe, ZnTe, ZnSe, efccrystallize into zinc-blende structure which the dipolar mechanism of the interlayer coupling
and give a peculiar example of a frustrated fcc antiferromagshould be excluded.
net with the Mn-Mn exchange coupling limited to a few The reason for so long a range of magnetic correlation
nearest coordination sphere¥ On the contrary, epitaxial across the nonmagnetic spacer is still unclear. The superex-
films of MnTe— and MnTe-based ML's show long-range change interactions between Mn and exchange interactions
AFM-lII type ordering that is inspired by the large strains between E&" spins are short range and could not cover the
produced by the mismatch between the lattice parameters @0 A distance. Also, the magnetic interactions could not be
the substrate and film and also of the magnetic and nonmagransferred by the RKKY mechanism, because the nonmag-
netic layers. However, in the ML structure the AFM ordering netic Te-based semiconductdi®dTe, ZnTe, PbTepossess
is usually locked inside the MnTe layer. While the correla-too few carriers compared with the met4f$:°
tion length inside the layer ranges to 1000 A in the film The possible explanation for the phenomena discussed
plane! no interlayer correlation was detected for a nonmagmay be based on the magnetoelastic mechanism. MnTe-
netic spacer width larger than 15 monolayers. So it was quitbased compounds show a considerable magnetostriction
surprising when the elastic neutron scattering measurementshear strain attains 0.3%bserved at the N point3®° The
of the ML's of different compositiofMnTe/CdTe(Refs. 2  AFM structure of the MnTe-based and EuTe/PbTe MLs can
and 4 and(Refs. 6-10] MnTe/ZnTe revealed the coherence be realized in the form of different orientational domains
in AFM spin ordering that extended across multilp to  characterized by mutually noncollinear AFM vectors. So ori-
seven bilayers through the relatively thidkip to 30 A non-  entational degeneracy of the AFM state and strong magneto-
magnetic spacer. In the canted structures in MnTe/CdTe filmslastic interactions make it possible to consider the long-
with an ultrathin nonmagnetic spadg¢ne nonmagnetic/AFM  range elastic forces as being responsible for the correlation in
ratio being 2:7, 2:10, 4:9, 6:1@he correlation concerned not spin ordering in neighboring magnetic layéfs.
only the orientation and pitch of the AFM helices in neigh- In the present paper | develop the phenomenological
boring MnTe layers, but also the phase of the h&lix.Refs.  model that interprets the interlayer magnetic coupling across
7-9 the same correlation was observed in the MnTe/ZnTéhe nonmagnetic spacers in semiconductor ML's as resulting
structure with an AFM/nonmagnetic monolayer ratio of from the magnetoelastic interactions.
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IIl. MAGNETIC STRUCTURE OF THE BULK EPILAYER

The crystal structure of the thidk «m) MnTe film is described by thE43m space group. The magnetic structure is rather
complicated and corresponds to a pure AFM-III strucfulde phase transition into the AFM structure is described with a
six-armed stakg (in Kovalev’s notatio”’.) The corresponding magnetic and magnetoelastic contribution to the free energy
density is given by

_E 2 2 2 2 2 2 2 2 o 2
fme=5 BIMi(d1) + My(ay) + My(dz) + M2(d2) + M2(g) + Mi(dg) ]+ A a{[M5(da) + My(A1) J(2Uz,— U Uyy) +[My(02)

+ M?(qz)](zuxx_ uyy_ uzz) +[M§(Q3) + Mi(q3)](2uyy— Uzz— uxx)}+ AZ{[Mi(ql) - Mi(ql)](uxx_ LIyy) + [Mi(%)
- Mg(qZ)](uyy_ uzz) +[M §(Q3) - Mi(q?,)](uzz_ uxx)}v (1)

whereM(q;), i=1, 2, 3, are the magnetic order parametersyeduced to 2 and for AFM-IIl canted structure to I\if(e,
corresponding to different arms of the star. The vectors —e€;)<0 and, correspondingly, to 4 and 2 in the opposite
g:=(2w/a,0,7/a), g,=(=/a,2m/a,0), qz=(0,7/a,27/a) case. Hereafter we will consider the first case wit}{ e,
may be associated with the direction in which the unit cell is— €;) <0, which corresponds to the two-times-degenerated
multiplied in the course of AFM phase transitions. Threecollinear structure with multiplication of the unit cell in tlze
other equivalent arms that generate so-called translationalirection andM,(q;)=Mg,, My(d;)=M,(q,)=0 (A-type
domains are omitted. The strain tensor componentare  domain or M (d;) =Mg, M,(d;) =M ,(q;) =0 (B-type do-
attributed to the cubic crystal axes. In the magnetic energy imain. The other cases can be treated in a similar way.
hold only the second-order magnetic anisotropy consggant
and\, , are responsible for the magnetoelastic interactions.

AFM ordering in the bulk sample can occur in the form of I1ll. FORMATION OF THE DOMAIN STRUCTURE INSIDE
either collinear(as in MnTe/ZnTe or canted(Keffer) (as in THE AFM LAYER
MnTe/CdTe AFM-III structure! The order parameter of the
collinear structure is one of th#¥l(qg;) component. Corre-
spondingly, the structure can be materialized in the six typeg
of orientational domains, related to three differgnand two
possible components dfl vector. In the canted structure
both M components are equally represented, ey (q;)
=M,y(q,), and three types of the orientational domains coul
be observed.

In the multilayered structure the effect of lattice distortion
on the magnetic and nonmagnetic layers partially remove Yy Xy .
the degeneracy of the domain structure. If the film axis is€ XY Plane should vanish. This can be accounted for by
oriented along the direction, then in the paramagnetic phasemtroducmg the following term into the free energy density:
(over the Nel poind the equilibrium strain tensor of the
magnetic layers has tetragonal symmetry,

AFM ordering results in the appearance of additional
trains in the magnetic layers{™), that are different in the
ifferent orientational AFM domains. As a result of the rather

large value of the magnetoelastic constants, this degeneracy

influences greatly the formation of the domain structure in

dthe whole sample. To describe the formation of the domain
structure in a single AFM layer we should take into account
the fact that in equilibrium the average macroscopic strains,
ul™s)y - (ulmy - and(ulT) (brackets mean averaging over

1
fswray= > [a ug(TS)_ U(yr;]s)>2 +day ug(r)r)s)>2] ) (4)

0 _,0 _ 0 _
Uxx= uyy_ €1, Uz,=é€, (2)

and the anisotropy energy is renormalized as follows:
where the coefficienta; , in neglect of small surface effects
1 ) ) can be expressed through the shear elastic moduli of the
fan=5[B+4N1(€2— €) ]IMi(a) + My(ay) ] cubic phasew;=Cq;—Cy,, ay=Cyqy. This energy is analo-
gous to the straymagnetostaticenergy in ferromagnets. It
1 originates from the compatibility conditions between the
+5lB=2N (e~ 1) IIMZ(gp) +MZ(a) +MZ(ds) phases with different spontaneous strginsour case, these
are the AFM and nonmagnetic layger€alculation of this
+MZ(03) 1+ N o( €1~ €2)[M(d2) —MZ(a) + MZ(q3) expression is given in the Appendix. The domain distribution
9 in the xy plane can be then found from the minimization of
—Mz(a3)], 3) a free energy density per layer thickness:
The valuese, , are the misfit strains in and perpendicular to
the film plane, respectively.

From Eq.(3) it follows thqt for the_AFM_—III colllnea_lr _ Flayer:f fdxdy(fme+fe)+8fstray, (5)
structure the number of equivalent orientational domains is s
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where the stray energy is given by Ed), averaging, and first case the magnetostriction causes homogeneous while in
integration is implied over the surface of the lay8r,The the second case inhomogeneous strains. It seems reasonable
term to assume that the configuration with a homogeneous strain
distribution is more favorable.

fme=NaM3[ulrs)— UWS)]P(X,V) (6) The value of the induced stress and strain field is obvi-
ously proportional to the magnetostriction constant and it
should decrease with an increase of the spacer thickness. To
calculate this field and interaction energy between the differ-
%nt AFM layers, let us consider the following model.

(i) We assume that the tensor of the elastic moduli of the
ML film is homogeneous(nonhomogeneity of the elastic
modula arises from nonlinear elastic effects and, far from the
points of structural phase transitions, can be neglected
1, inthe B domain. (i) We consider the region in the form of Aoriented
cylinder with the radiusR/2 in the xy plane. With the as-

The elastic energy of the sample is expressed in a standag mption thatR corresponds to the domain size in thg

is the principal contribution to the magnetoelastic endigy
with account of two types of orientational domaifke&ndB;
My, as was already mentioned, is the value of sublattic
magnetization. In Eq(6) | have introduced an Ising-type
variable that specifies the type of domain:

1, inthe A domain,
p(X,y)=1 _

way: plane, the AFM structure is homogenedugonodomaihin-
1 side the layer.
erEUijCiijkla (7) (iii) We suppose that a local magnetic order has been

already established.

whereé is the tensor of elastic moduli corresponding to the S° the question that we are going to answer is, are the
cubic crystal symmetry. adjacent AFM layers ordered in the same wagy,A andA

From minimization of Eq.(5) it follows that A and B~ domaing or in a different way & andB domaing? To an-

domains should be distributed in thg plane with an equal SWer this question, one should start from the following ex-
probability. The size of the domain®, can be estimated Pression for the free energy of the described cylinder:
from the balance of the interfaddFM/nonmagnetic phage

energy and the energy of the domain boundaries. The inter- F:f dv.
face energy grows linearly witR, while the domain bound-

ary contribution decreases asR1/so there is an optimal ) o o
shape-dependent sif,. A rough evaluatiof gives Ry where elastic energ§, is given by Eq.(7). Periodical alter-

«a/2uM=1000 A (whereax6.3 A is the lattice param- ation of the magnetic and nonmagnetic layers is described by
eted, which correlates with the experimental det4which @ form function
reveal the presence of the temperature-dependent AFM do-
main structure in the thick MnTe epilayers, the size of the p (z)={ L Dn—d/2<z<Dn+d/2, ©
n

fe+§ ffﬁgan]. ®)

domains being of the order of 1000 A. —1, Dn+d/2<z<D(n+1)—-d/2,

In the ML the size of the AFM domain can be also influ- ] ] ) )
enced by the distribution of the microstresses produced in th@hereD is the period of the structurel is the thickness of
course of film growth. In this cas€™ should be substituted the AFM layer,n=1,... N is the number of bilayers, and
by the characteristic misfit straif™s™ that can reach up to is the whole number of the bilayers in the film. The expres-
6%~ In this case the domain size is diminished down toSion for magnetoelastic energy is analogous to (Bg.
50 A.

fihe=A2MEL UGS —uf¥ o, (10
IV. INTERACTION THROUGH THE NONMAGNETIC where the Ising variable
SPACER
From the general point of view, an interlayer coupling |1, ifthenthlayeris of the A type,
may be explained as follows. In a perfect lattice the magnetic Pn=] _ 1, ifthenth layer is of the B type,

layers are elastically conjugated with the adjacent nonmag-

netic spacers due to compatibility conditions. So magnetodepends upon the number of AFM layers.

striction of one magnetically ordered layer produces a strain Standard equilibrium conditions for the elastic media
field of the same symmetry in the next magnetic layer via théhave a forni?

spacer. Such an induced anisotropy favors a parallel orienta-

tion of the magnetic moments in all layers. In fact, if the oF
neighboring AFM layers fit in the same domain type, the EZO'
nonmagnetic spacer, sandwiched in between, will undergo

the same streggension or compressigrirom both sides. In  whereu is a shift vector. Equatioi11) for the equilibrium

the case when the AFM layers belong to different domaincontinuous functionsi(r) can be easily solved with the help
types, the nonmagnetic spacer will undergo tension from onef a Fourrier transformation; the corresponding components
side and compressive stress from the other one. Thus, in th€k) are found as follows:

(11
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Ky
. f=—HetX pm—I2 PmPme1s (15)
u(k) =1 MEG(K) | —ky | 2 pobn(k),  (12) m m
0 where the effective mean field results from the fiflsing-

A A ) ) _ range term in Eq.(13),
where G~ 1(k)=¢kk is a dynamic matrix, and),(k) is a

Fourier transform off,,(z). Substituting Eq.(12) into Eq. )\gMé(T) d2
(8), one obtains the following expression for the equilibrium Heﬁzz— P, (16)
elastic energy contribution for a given magnetic ordering: Caa D
NZMA(T 2 and | have neglected all but the greatest interaction coeffi-
_ 2 o(T) i E o cient in the second sum in E(L3):
2Caa DN 5 ™™
. _ MMy R a7
===,
+ m 0<;<m [nPn+mPm|s (13 2C44 2D

The effective field(16) stabilizes the long-range ordering of
whereV is the crystal volume, andy, is the shear modulus. the AFM domains, and corresponding parameter is given im-
Expression13) contains positive interaction constants plicitly by the equation

2¢£,Dn d\ 5¢q,+3c H
|n:Kexp(— b )sinh2 ) 300t 3% (14 p=tanhip), (19)
R R 8¢y T

whereé=5.13 is the first zero of the Bessel functidsy and ~ whereT is the temperature. The correlation function can be
K=3.3x107% is a numerical constanfin the expression calculated using the matrix techniqusee Ref. 24 for de-
(13) | have assumed that the elastic properties of the filnfails). The ultimate expression in the limit of largé— is
with the initially cubic lattice are isotropic, i.eGy;—c;,  the following:

=2Cy4.] The first term in Eq(13) arises from the homoge-

neous strains, the second one reflects the constraints imposeii _ 2p2(1—p?)sinh(2J/T) (1-p?H ™
by'the compat.ibility conditions for th'e elastic §tra[m$)nti— M -2 2p2sinh(2J/T) e~ 2T+ 2p2sinh(2J/T) '
nuity of the shift vectou(r)]. The main conclusion that can (19)

be drawn from Eq(13) is the following. If in thenth and . _
mth layers the AFM structure is the sarfteothA-A or both ~ Wherep is defined by Eq(18) and
B-B domaing, thenp,p,=1, and the corresponding term in

Eq. (13) would be negative and thus would reduce the en- _ p®+coth2J/T)  V1+2e*Tp?sinh(2J/T)
ergy. In the opposite case of different domajngo,=—1, @= 1-p? B (1—-p?)sinh(2J/T)
and the corresponding contribution will be positi@ in (20)

this case the energy increaseshe value of the interaction

constant(14) exponentially decreases with the width of the At low temperature,p—1, J/T—c, andI'y, tends to O,
nonmagnetic spacer, so the main contribution to 8@ which reflects the tendency to long-range ordering with infi-
arises from the adjacent AFM layers. Because of the posinite correlation length. The short-range contribution to the
tiveness of this constant, “ferromagnetic” ordering of the correlation length is important at high temperature, where
AFM domains is more favorable. So magnetoelastic interacd/ T<1. For this region

tions establish the correlation between the AFM structure in

different layers. Lp=m", (21

where | supposed that<1. The Fourrier image of ,,,
V. DISTRIBUTION OF THE AFM DOMAINS OVER
DIFFERENT MAGNETIC LAYERS
A(q)=2 T'nexpimgD)
The model developed above shows the presence of the m
elastically induced long-range orderirifjrst term in Eq.
(13)] and short-range correlatidsecond term in Eq(13)] — 1-(J/T)cogqb) ~ 1-J7
between the orientation of the AFM vectors in the different 1+J/T-2(J/T)cosdD) 1-J3/T+J/T(qD)?’
magnetic layers separated by the nonmagnetic spacer. Quan- 22)
titatively long-range order is characterized by the order pa-
rameterp (thermodynamic average pf,, (pn)7), and short-  gives rise to a Lorentz-shape dependence versus wave vector
range order is characterized by the correlation funclign . It can be associated directly with the neutron diffraction
={(pnPnsmT—{pn)+; both values can be calculated with the spectrum. The corresponding correlation length which char-
use of the well-knowff results for the one-dimensiondiD) acterizes the Lorentz-peak width is found from analysis of
Ising model with energy densitiper bilayer volumg the denominator in Eq22):
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B [T ]
“=DN 137 23 4034

If we substitute Eqs(14) and(17) into Eq.(23) and suppose
that the nonmagnetic spacer is much thinner than the AFM
one, ©—d)<D,d, then,

ME(T) p( £(D—d)
kDR exp ————|. (29
JT R
So the correlation length exponentially decays with the width
of the nonmagnetic spacer and decreases with temperature
growth due to the magnetostriction decreffsetor M (T)]
and thermal fluctuationejenominatorﬁ).

148 1

Correlation length

VI. DISCUSSION

The results of the previous sections make it possible to
deduce that(1) the superlattices with intermediately thick
nonmagnetic spacer should show the long-range ordering of
the AFM domains in the direction of the film normal. This
effect should reveal itself in a system of magnetic Bragg
peaks corresponding to the superlattice peri@i.The cor-
relation length, i.e., the characteristic distance at which the 554
AFM layers belong to the same domain type, exponentially .
decays with nonmagnetic spacer widtB). Close to the Nel
point, the long-range ordering should vanish, and the do-
mains of both types should be equally represented not only
in the xy plane, but also in the direction.

The appropriateness of this model may be analyzed on the rg, 1. Correlation length vs nonmagnetic spacer width for
basis of neutron diffraction data for MnTe/ZnTRefs. 7,8,  MnTe/znTe multilayers aff =10 K plotted in logarithmic scale.
and 10 and(111) EuTe/PbTe(Refs. 13-1% The scans of  Taken from the scan of the magnetic pedak 0, 0.5 along[001]
the neutron scattering intensity at tf@&1,1/2 AFM reflec-  (Ref. 8. Circles correspond to 10 monolayers of MnTe, squares to
tions for (MnTe)(ZnTe); and (MnTe)y(ZnTe), (Ref. § 20 monolayers. Solid lines: theoretical approximatieae text for
reveal a fundamental magnetic peak along with harmonidetails.
sidebands. At 10 K the main peak is rather narrow and the

separation between the peaks corresponds to the superlattiﬁgf. D e,— e,=5% is associated with the misfit strgiSo

period D, which points to the presence of long-range Order'rather close values of the exchange and anisotropy constants

ing in the growth direction. The width of the principal peak .~ . i tomically sh d . Il with thick
decreases exponentially versus the nonmagnetic spacer wicgh/€ rse to an atomically sharp domain wafl wi ICkness

Nonmagnetic spacer width (monolayers)

as can be seen from Fig. 1. This figure shows the experimeﬁ(ﬂocl'%“x8 A. .
tal data taken at 10 K(Refs. 7 and B for the Another peculiar feature—the dependenceRobn the
(MnTe),o(ZnTe), (circles and (MnTey(ZnTe), (squares thickness of the AFM slab—correlates with the rough evalu-

with R=56 A for (MnTe),,(ZnTe), and R=28 A for inside the AFM layer depends upon the ratio between the
(MnTe),o(ZnTe),. The adjustment paramet® may be AFM and nonmagnetic parts. The larger the AFM layer, the
treated, as was mentioned above, as a domain size iythe greater the strain and, correspondingly, the in-plane domain
plane. The small value oR is in agreement with an ex- SizeR diminishes.

tremely small thickness of the domain wakltg separating Extrapolation of the obtained vs (D—d) dependences
the different AFM domains. The magnitude xf is usually ~ toward smallbelow 2 ML) and largeg(over 10 ML) values of
evaluated as the square root of the exchange to the in-plariBe nonmagnetic spacer width shows that for an extremely
anisotropy ratio. The exchange constant as deduced from tienall spacerd— D) the correlation length becomes compa-
Néel temperaturé(75 K) is «<4.1xa? MJ/m (wherea is the  rable with the sample thicknesgnearly 0.4 um for
lattice constant the in-plane strain-induced anisotropy, ac- (MnTe),o(ZnTe), ML'’s and 0.13um for (MnTe)(ZnTe),
cording to Eq.(3), is *AMj(e;—€;)=2.4 MI/n?. [The  ML's]. This means almost perfect long-range ordering,
magnetoelastic constant was calculated\as3<2c,,u™  which can be associated with the presence of the elastic
=55 MJ/n? from a typical magnitude of the shear modulus mean fieldH ¢ [see Eq{(16)]. In the limit of a large spacer,
2c4,=182 MJ/n? (see Ref. 25 and that of spontaneous the correlation length falls down to 11 A for
magnetostriction for the MnTe epilayef™)=0.3% (see (MnTe),o(ZnTe), and to 42 A for (MnTe)(ZnTe),,
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which means no correlation for a spacer 12 and greater ML (iii) Interlayer correlation reveals itself in the thinning of
thick. the magnetic peaks with a decrease of temperature and non-

The analysis of the diffraction data for MnTe/ZnTe takenmagnetic spacer width. Temperature-induced demolition of
at different temperaturé8°exhibits a spreading of the prin- the interlayer coupling gives rise to the occurrence of do-
cipal peak with the temperature growth in accordance withmains of different types, which is observed as additional
the fluctuation-induced decay of the correlatifsee Eq. magnetic peaks shifted from the ide@, 1, 1/2 position.
(24)]. Close to the Nel temperature this peak is entirely These predictions are in good agreement with the available
replaced by a new set of symmetrically shifted satellites thaéxperimental data.
are located approximately midway between the superlattice (iv) The model developed with a slight modification can
harmonics. The imprints of the “double-period” peaks canbe applied for a description of the phase and pitch correlation
be traced even at 10 K. These satellites may be attributed o canted AFM structures in MnTe/CdTe ML's and also to
randomly distributed domains of both types, the position ofAFM-II (11)EuTe/PbTe MLs. The same mechanism can
the peaks being associated with the presence of “superstruaiso be responsible for the transport of spin excitations ob-
tural domain walls,” i.e., the pairs of neighboring bilayers served in Ref. 6.
containing domains of opposité and B) type.

Demolition of long-range ordering at low temperature is ACKNOWLEDGMENTS
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corresponds to 44 K, and this value correlates well with the
temperature at which the intensities of the main peak and APPENDIX: CALCULATION OF THE STRAY ENERGY
“double-period” satellites became equfl. ) )

Neutron diffraction data oil11) EuT€4)/PbT&12) ML Let us c_on5|der an AFM Iaygr constrained between two
(Refs. 13—15taken at 4.2 K(the Neel temperature is 9.6 K nonmagnetlc layers. Above the &letemperature the struc-
also show a set of pronounced peaks corresponding to |Onéure is relaxed and can be Atreated as nonstressed and zero
range correlation in AFM ordering in the growth direction. strained. Spontaneous strainsthat occur below the N
This correlation is still preserved even if the sample wasemperature should satisfy the compatibility conditions at the
cooled down in an external magnetic field 0.5 T) applied = AFM/nonmagnetic interface, which can be written as fol-

in the film plane in thd 110] direction*'®We can assume OWS:

that the higher magnetic field produces additional magneto- .

striction and thus inhibits weak interlayer coupling and de- NXu(rg) XxN=0, (A1)

stroys the long-range ordering across the fifm. . . . .
The model developed suggests a possible, magnetoelastW,hereN is an interface normal. The equmbru}m stralr.1 can

mechanism of interlayer coupling that supposedly can be thBe represented as a sum of self-magnetostriatféf¥(r) (in

only one for the case of perfect interfaces, intermedidtes  Principle, inhomogeneous opewhich satisfies the compat-

ML) spacer thicknesses, and low-impuritgc {07 cm~3)  ibility conditions inai(™= —rotro(™)(r)=0 and extra

and carrier concentration. Small thicknesses of 1-2 ML af%trainﬁ(add)(r):

enough to ensure exchange interactions, impurities provide a

kind of' superexchang_e through hydrogenic states, as was a(r)=0Mm(r)+§@Edd ). (A2)

shown in Ref. 26, and interface roughness reduces mismatch

stresses and may serve as a source of ferromagnetic chargéise last term in Eq(A2) can be treated as an additional

that result in long-range dipole-dipole interactions betweerstrain field induced by the “interface incompatibility

the layers. charges”

VII. SUMMARY AND CONCLUSIONS n(r)=—38T(r—rgNJNXu™)rgxN,  (A3)

(i) Long-range magnetoelastic interactions between magwhere & is Dirac's delta function, and the prime means a
netic and nonmagnetic phases result in the appearance @érivative versus an argument. The functi}fﬁdd)(r) can be
domain structure in the film plane. found explicitly from the equation

(ii) The observed interlayer coupling via the nonmagnetic
spacer can be due to long-range elastic interactions. These incu(@dr) = 7(r) (A4)
interactions tend to align AFM moments in different layers
in parallel. as follows(for details see Ref. 37
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A ;;(r’)—iTr ;7“/) The main contribution to the stray energy arises from the
u(@ddr)= EJ}) ' [(r—ro macrostresses related to a homogeneous part ait¥r)
° strains,(u(™(r)), averaged over the layer volurfeFor a
(N,r—rs)a(rs) (A5) z-oriented layer this gives rise to the expression

RZIE [(r=rg)|?

wher
j Fstray=V ( ol (UTN 2+ (Ul 2]+ e L ulTH(ulr)
g=um)+N@N TruM)—Ne (U™IN) — (UMIN) @ N.

.o . (ms)\ 2
The strainsu®49(r) produce the “twinning” stresses +2C45(Uxy ) ] (A8)

~ _ A" (add)
o=cu'?™, A6
(A6) Neglecting the isomorphic magnetostrictian;®+ u{
analogous to a demagnetization field in ferromagnets. In Eqyhich does not contribute to the formation of domain struc-
(A6), C is the tensor of the elastic moduli. The correspondingure, and with account of the crystal symmetry, E48)
twinning (stray energy takes the form gives rise to Eq(4). It should be stressed that as in magne-
tism, the stray energy related to the averaged strains is pro-
Fatray™ J J u(”‘s)(r)cq(rs) (A7)  portional to the volume of the sample and thus cannot be
Am |(r—rs |3 neglected for any sample size.
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