PHYSICAL REVIEW B VOLUME 55, NUMBER 10 1 MARCH 1997-II

Critical lines of magnetic semiconductor thin films: Experiment
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The irreversibilities between the field-cooled and zero-field-cooled dc magnetization were used to determine
the field and composition dependence of the spin-glass freezing temperature in GGk Se, thin films.
The magnetic ordering was confirmed by the temperature dependence of induced magnéfizatidruni-
directional magnetic anisotropy field,,, determined from ferromagnetic resonance d@t2-120 K. The
experimentally determineld-T phase diagram shows two instability lines: the Gabay-Toulousetpdine)
and the Almeida-Thouless-tyd@AT line) for thin films of CdCpSe:In with reentrant transition and the AT
line for CdCp_,,In,,Se in the spin-glass state. The AT and GT lines obey the relation
=[(n+1)(n+2)/8]"° (hey)?® and 7=[(n?+4n+2)/(4(n+2)?)] (hey)?, respectively, for the normalized
effective fieldh.¢=h,+h,,. The first term inhy4 stands for the external magnetic field, while the second is
related to the internal field of the infinite ferromagnetic netwddng-range ordering The value ofh,
determined from theH-T phase diagram was found to be dependent on indium concentration.
[S0163-18207)02709-4

[. INTRODUCTION With respect to irreversibility, we have concentrated on
the comparison between experimentally determiHed ir-
The chalcogenide spinel of CdSg, exhibits specific reversibility lines and critical lines described by the AT and
properties that can be controlled by the dilution level. WhenGI models. The disordered magnetic system is macroscopi-
the concentration of magnetic atom is changed, the followingally characterized by

magnetic phases are obtained: (i) the temperature dependence of induced magnetization
(i) for CdCr,Se;In, the ferromagnetic stat&M) with the M, which includes the nonzero density of states in the energy
reentrant transitiotREBE), gap of magnons dispersion relation,
(i) for CACL_,In,Se (0<x<0.4), spin-glass state (i) the unidirectional magnetic anisotropy field,,
(SG). which originates from the Dzaloshinsky-Moriya interaction

The ferromagnetic statéM) with the reentrant transition (DM).
(REB is characterized by high fluctuations of the exchange Thin films of CdCk_5,In,,Se; (for 0<x=0.4) were ob-
constant at the temperature close to REE transition. Thi§ined by rf sputtering. The chosen preparation method of the
state further evolves into spin-gla¢sG) state. On the mi- Samples allows us to change the atomic composition in a
croscopic scale this system is considered as consisting of aMide range. The thickness of the investigated films was
infinite ferromagnetic networkIFN) with long-range ferro- about 5000 A, thus the samples were considered as three-
magnetic order and finite spin clust¢BSC’s randomly dis- ~ dimensional magnetic medium. The basic parame{s)
tributed in IFN. In this system, the amount of IFN signifi- and Ha, (T), that classify the magnetic phase of samples,
cantly dominates over FSC, in the volume of a sample. Thevere determined from the ferromagnetic resonafddR)
finite-spin clusters are described by the Andetsamd and superconducting quantum interference de/®@UID)
Continentind models. The models consider a system ofdata. The freezing lines were found from the onset of irre-
spins to be in metastable states, illustrated by two-level syseersibilities between the field-cooled=C) and zero-field-
tems(TLS’s), which are related to the sense of rotation of thecooled(ZFC) dc magnetization. We analyzed the phase dia-
spin direction. The energy of TLS's is described by an asymgram H-T) in terms of the De Almeida-Thouless motlel
metric double-well potential which is a random quantity.  for the Ising’s spin and of Gabay-Toulouse mddefor

For such a system the two instability lines are obtained iHeisenberg spins.  From the comparison between the theo-
theH-T phase diagram: the de Almeida-Thoul¢a3) line,2 retically predicted critical line and experimental data, the
which indicates the onset of longitudinal freezing andvalue of internal magnetic fielt, of IFN was determined.
Gabay-Toulousé€GT) line for the transverse freeziﬁg.:or

CdCr,_,,In,,Se, (0<x=0.4) in the spin-glass state, the ratio Il. MAGNETIZATION AND ANISOTROPY

of IFN to FSC depends on the dilution level. With increasing IIN MAGNETIC DISORDERED STATE

amount of indium the FSC’s dominate over the IFN. This

system exhibits the AT instability line. The chalcogenide spinel of CdgCr,,In,,Se,, with re-

This microscopic picture of both REE and SG systemsspect to the amount of In, belongs to a different class of
develops the problem of instability of the AT and GT magnetic ordering. For Cdg3e,:In the ferromagnetic state
lines3~° Introducing the infinite ferromagnetic network, the with transition to the spin-glass staeEE) is obtained. Di-
internal magnetic field, related to IFN, has to be taken undeluting samples by Ir(x increasesthe spin-glass state is ex-
consideration in the description of the instability lines. pected(SG).”~® For each type of magnetic ordering the typi-
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cal temperature dependence of the induced magnetization ®ulousé (GT line) and is related to the transverse freezing.

predicted: The AT line for the Ising model is defined by the depen-
(i) State with REE. The temperature dependence of magdence of the freezing temperature on the effective magnetic
netization is described by relatidn: field and is given by relatiof?

[M(0)—M(T)]/M(0) r=[(n+1)(n+2)/8]"hZ3, )
0 where n is the spin component,7=1—T4(H)/T,(0),
=BT32%(3/2) >, [exp(—IA, IksT)/132], (1)  hegg=hy+h, is the normalized effective field, h,

=1 =n9SugHa/KgT4(0), 7 is an average size of the FSC

Where clusters;® h,=Jom, is the normalized internal magnetic

field of IFN, andT,(H) is the freezing temperature.

B=£(3/2)[gug/M(0)](kg/4mDg)>2 The internal magnetic field,,, is related to IFN, wheren

is the normalized macroscopic induced magnetization of IFN
andJ, is the magnetic coupling constant. The transition oc-
curs for the vector spins witlm components(Heisenberg
mode) along the GT line given by

£&(3/2) stands for the Riemané function, A, is the energy
gap, andDg is the spin-wave stiffness constant.

(i) SG stateM(T) is well represented by the relatibn

[M(O)_M(T)]/M(O)=Cs/[eXF(As/kBT)_1] (2) T={(n2+4n+2)/[4(n+2)2]}h2ﬁ (4)
e

whereC, is responsible for the density of states at the energ
gap of the magnon dispersion relation akds a measure of
the intercluster interaction.

Yt was reported in literaturé®that weakly diluted samples
with REE exhibit AT and GT instability lines. For this kind

In the disordered state, an unidirectional magnetic anisot(—)f magne’_[ic order two critical temperatures of irrev_ersibility
ropy is present. The microscopic phenomena responsibl@re e_x_perlmenta!ly d_etected and this phenpmenoq IS a source
for this anisotropy are explained by the Dzyaloshinsky-Of mixing of angltudmal and transverse spin freezmg. When
Moriya interaction(DM).2®11 The DM interaction is due to temperature increases, the crossover from the GT line to the

the spin-orbit scattering of the conduction electrons by th hT line occurs, If?otl;a[ aknd S?mpo%nsigga\ée_f%l;gd ttr?at
nonmagnetic impurities, e crossover effect takes place for=h2 (d=D/J, the

On the macroscopic scale, this anisotropy manifests itse tio Of_ streng;h of Dzaloshinsky-Moriya W|th_respect to the
as an internal magnetic field, so called ?ri/e unidirectionaﬁf?KKY mteract_lon). _I_:orthe SG state the AT line only char-
magnetic anisotropy fieldH,).”*? H,, depends on the acterizes the instability of the spin system.

field-induced remanent magnetization and keeps the direc-

tion of the cooling field. It means that the spins have some  IV. SAMPLES AND MEASUREMENTS METHODS
memory of the cooling field direction.

The unidirectional magnetic anisotropy field is influenced
by the dilution level and, being related to the induced mag- We investigated thin CdG®e, films of chromium spinel
netization’ is also temperature dependent_ The relation (WIth controlled concentration of In in the lattice. Thin films
H,(T) is known only from the experimental data, since no©f CdCLSe:In exhibit reentrant transitiofREE), diluted
comprehensive model of the temperature dependentk,pf Samples of CdGr ,,In,,Se, with 0<x=0.4 are in the spin-
exists. It was reported in Refs. 7 and 12, that the unidirecglass statéSG). It should be emphasized that the uniformity
tional magnetic anisotropy ﬁe|ﬁ-|an for CdC@—ZXInZXSQl of the studied material is very difficult to obtain. The param-
thin films decreases with increasing temperature and is deeters of deposition process have to be carefully chosen and
pendent on the amount of ki ,, increases with increasing tested with proper accuracy. Films were deposited by the rf
dilution leve). We classify the magnetic state of thin films of Sputtering technique on Corning glass substrates. The device
CdCr,_,,In,,Se, on the basis of the temperature and concenis equipped with a two-cathode system and rotatable sub-

tration dependence of the field-induced magnetization antrate holder of controlled temperature. We used the chro-
the unidirectional magnetic anisotropy field. mium cathode for depositing the buffer and overlayer films.

The powdered CdSe cathode uniformly spotted withS@y
and In,Se; was used for sputtering Cd-Cr-In-Se sublayers.
The thickness of the buffer and top layers of Cr was scanned
The magnetic disordered state comprises a system dfom 20 to 100 A whereas a thickness of the middle layer of
spins coupled by random Ruderman-Kittel-Kasuya-YosidaCd-Cr-In-Se was larger than 3000 A. We have found that the
(RKKY) exchange and the DM interaction. A set of spins isthickness of Cr of about 50 A gives good adhesion. As-
considered to be frozen in a random direction below thedeposited samples are in the amorphous state and have a
freezing temperature. In general, the random magnetic arform of multilayer structure of Cr/Cd-Cr-In-Se/Cr. Heat
isotropy provides mixing of the longitudinal- and transverse-treatment provides uniform polycrystalline single films with
spin components. the required composition. The processes of crystallization
The DM interactions modify the results of the mean-field were carried out in a Kristalloflex 4H x-ray-diffraction appa-
theory?®* The transition line for the Ising model has beenratus at temperatures ranging from 300 to 850 K and for
given by De Almeida—Thoule3$AT line) and indicates the different annealing times from 0.5 to 5 h. The x-ray-
onset of longitudinal freezing, while the transition line for diffraction patterns were recorded situ after each stage of
the Heisenberg spins has been described by Gabayeat treatment in the argon atmosphere had been completed.

A. Technology

lll. TRANSITION LINES —MEAN-FIELD THEORIES
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It was found that the samples reached the polycrystalline

state after being annealed at 790 K for 1 h. The composition ] : LR
of samples was analyzed by means of an x-ray microprobe 3004 e
(ARL SEMQ microanalyzerand Auger spectroscopgfRiber 1 .
LAS-620). The film thickness was measured by means of __ 250+ Ty
Talysurf 4 profilometer. Other details of the preparation tech- =, ] ot
niques are described in Ref. 12. = 200 N
B. Measurements ofM (T) and H ;,(T) 1507 MN .

The magnetic states with REE and SG were confirmed by 1 \}
the experimentally determined temperature dependence of 100; *a
induced magnetizatioM and the presence of the unidirec- 1 ‘ﬁ
tional magnetic anisotropy fieltl,,. The value ofH,, in- 207 .,
creases with the amount of In. ] -

We determined the temperature dependendd efndH ., O o 130 leo
by means of the ferromagnetic resonance experirfeviR) N T[K]

at microwave frequency within the temperature range from 4

to 200 K. In the FMR technique, the position of resonance F|G. 1. Temperature dependence of the magnetization. Dashed
peak depends on the total value of the internal magnetic fieltihe represents the best fit of Ed) to experimental dat&\, =5 K)

Hin . For thin films, apart from the external magnetic field  for a thin CdCgSe,:In film. Solid line represents the best fit of Eq.
the shape magnetic anisotropy fid|,=47M (M is the (2) to the experimental data(Cs=1.7, A;=190 K) for
induced magnetizatigrand the unidirectional magnetic an- CdCr 7ng 3Sg, thin film.

isotropy fieldH ,, contribute toH,,;. In the FMR experiment
for thin films, two characteristic geometries, perpendicular

and paraliel, are used for determining the basic magne‘“f:nagnetization data were collected for temperature changing

parameteré!? In general, different internal effective fields from 4.2 to 220 K(ZFC data. For the same value &, FC
alter the spin system in both geometries so one could expegt ' ' a’

. , ata were recorded from 4.2 to 220 K. The experiment was
different values ofH ,, for perpendicular and parallel reso-

nance. For the uniform mode of FMR for perpendicular anﬁlc;nce fo(rj sl,:eé/edral vaIuest.cH?. up to tTe limiting case when
parallel geometry we have the dispersion relation in th an ¢ magnetization overiap.

zero field, a small magnetic fieldH(;) was applied and the

On the basis of these experimental data, for the fixed

form:
value of H,, the irreversibility of magnetization
(wly),=H, +H:—47M (55 (AM=Mgc—Mgzeo) vs temperature was obtained. From the
relationship betweeAM and T the freezing temperature
(w/’y)f:(H”‘f‘HLH)(HH+HLn+47TMH), 6) ]:I(')QLE:d) was established, then thHe-T phase diagram was
wherew=2v, v is the microwave frequendyX band, g is The AM(T) curve exhibits one or two critical tempera-

the gyromagnetic ratio of processing moments, andH,  tures depending on the sample composition. Following Ref.

are the resonance fields in perpendicular and parallel geoni5 we definedTy as a temperature below which the first

etry of the experiment, respectively. In our case the condionset of irreversibilities is seeficgoas a temperature below

tions: (w/y), =(w/y); andM , =M, are kept during the whole which AM increases relatively rapidly.

resonance experiment. If only one critical temperature is present, the AT or GT
For investigated thin films the resonance field versus temline can be established. When two critical temperatures are

perature, for both geometries, drops at low temperatures bipund, the phase diagram has the AT and GT liftes.

the same amount. Thus, following Refs. 7, 18, and 19, we

have assumed that; =H!).. For the choseriX band mi-

crowave frequencies we used Es) and (6) for determin- V. EXPERIMENTAL RESULTS AND DISCUSSION

ing the temperature dependenceMvfandH .
g P P an We present results for thin films of CdSe,:In—REE

and CdCy ;/Ing ;Se, and CdCy 4lny ;Se—SG. The REE and
SG states of thin films were confirmed by the temperature
To derive theH-T phase diagram, different techniques dependence of the field-induced magnetization and the uni-
are applied: torque measuremetitdield cooled (FC) and  directional magnetic anisotropy field. We present MéT)
zero-field-cooled (ZFC) dc magnetization® Mossbauer and H,(T) experimental data for thin films Cdg3e:In
effect?>?! and ac susceptibility. In our investigations we with the reentrant transition and CdGin, 5Se, in the spin-
used the FC and ZFC dc magnetization measurements caglass state.
ried out by SQUID. The dc magnetization was measured as a The data of irreversibilities between the FC and ZFC
function of temperature for a set of external magnetic fieldsmagnetization are demonstrated for the samples with REE
applied within the film plane. FC and ZFC dc magnetizationsand in the SG state. The final data are shown in a form of
were detected during experiment, performed always in thél-T phase diagram for Cdg3e,:In, CdCr /ny3Se, and
same sequence: the sample was cooled from 220 to 4.2 K i@8dCr, 4lny ;Sg, samples.

C. Determination of the H-T phase diagram
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FIG. 2. Unidirectional magnetic anisotropy field as a function of
temperature for CdG8e;:In and CdCy ng sSey thin films.

A. Magnetization and unidirectional magnetic anisotropy field

Figure 1 presents the temperature dependence of magne-
tization, taken from FMR data as well as the calculated one,
for two samples: CdGS8e:In and CdCy-ngs;Se. The
dashed curve in Fig. 1 indicates the modified Bloch’s law,
according to Eq(1), for the sample with reentrant transition.
The value of energy gap,=5 K was taken as a fitting
parameter. The solid line in Fig. 1 is theoretically found
using Eq.(2), for the sample in the SG state. In this case we
have the fitting paramete@,=1.7 andA,=190 K. The good
agreement between theory and experimental data is seen in
both cases.

Figure 2 shows the experimentally determined tempera-
ture dependence of the unidirectional magnetic anisotropy
field. The results oH,_(T), presented in Fig. 2, are typical
for the samples with REE and in the SG staté.
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FIG. 4. (a) Irreversible part oAM as a function of temperature

for CdCrSeg:In and(b) CdCr 7ng 5Se, thin films, respectively.

B. Irreversibility of dc magnetization

The onset of the irreversibilities between the FC and ZF
dc magnetization—SQUID techniques, was used for deter;
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ining the critical lines. As an example we present in Fig. 3
he low-field magnetization of a Cd&3e:In thin film. From
the data shown in Fig. 3 the irreversible part of magnetiza-
tion defined ad\M =M c—M ;¢ VS temperature was deter-
mined.
Figure 4a) presents the data cAM for CdCrSe:In
(REB for two external magnetic field$1,=10 and 350 G.
The character of both curves differs significantly, but for
each of them two critical temperaturgg and Tcgo can be
found™ The T, corresponds taAM(T) =0 andTcrp is de-
fined as the temperature below whi&l is increasing rela-
tively rapidly. The data ofAM(T) for the samples of
CdCr, 4Ing 35S, and CdCy 4lng ;Se, exhibit only one critical
temperaturel cro.
As an example of the temperature dependenceMf for
the sample in the spin-glass state, Figh)4hows the experi-
mental data for a thin film of CdQkIn, ;Se,. The data are
presented for two values of external magnetic filg=25
and 200 G. The character of the curve reveals only one criti-
cal temperatur@ cro for both fields. It seems to be in a good

agreement with prediction of the Ising model for a diluted

FIG. 3. ZFC and FC dc magnetization for a Cd®&g:In thin
film.

magnet when longitudinal spin freezing prevails in the criti-
cal phenomena.
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FIG. 5. H,-T (external field-temperaturgphase diagram of a
CdCnrSe;:In thin film with reentrant transition.

C. The phase diagrams
We obtained thél,-T phase diagram witki) AT and GT

critical lines for thin films with the reentrant transition and
(if) the AT line for thin films in the spin-glass state. Figure 5

presents the experimentally determirtégt T curves for thin
films of CdCrSe:In (REE). It is seen that abové=110 K
the character of the GT line changes to the AT line. Note th
the T4(0)=107 K andTcgg(0)=120 K. The results are simi-

lar in character to those presented in Ref. 15 for bulk

CdCr 4ngsS,. Figure 6 shows the AT lines for
CdCr AngsSe, [Tera(0)=17.7 K| and CdCy4ny-Se
[Terd0)=17.4 K] thin films. We have also analyzed the
experimental data using the linear relationship betwlegn
and 7 in the form of[see Eq.(3)]

her={8[(n+1)(n+2)]}V?r372, (7

where 7,.=1-Tcro(H)/Tcro(0) predicted by de Almeida—
Thouless(AT line) with n=1, and in the form ofsee Eq.

4]

ﬂ oooon CAdCry »IngaSe,
200 o A AdAaa CdCrlvglnmSez,
TIBO‘
S
© ]
T i
100+ o A
50* [m] »
i =} A
b &
O+ e L=
g 10 12 14 16 18
FCRO{K}

FIG. 6. H,-T (external field-temperaturephase diagram of
CdCr_7ng 3Se and CdCy 4lng ;S thin films, respectively.
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and h,, versus 732 for a thin

her=2(n+2)/(n?+4n+2)2722, (8

where 7,=1-Ty(H)/T4(0) predicted by Gabay-Toulouse
(GT line) with n=3.

The value ofT4(0) and Tcrg(0) as well asTy(H,) and
Tcro(H,) are known from the experimental datadoM (T).

&rhen values ofr, and 7, could be calculated for the AT and

GT critical lines, respectively. The prefactor in E§8) and
(8) was taken from the theory. The value bf; already
defined as superposition of two ternigg=h,+h,,, can be
determined from Eq47) and(8).

For each value oh, the internal magnetic fielt,,, re-
lated to the infinite spin clusters, was calculated for each
sample. As an example, we present in Fig. 7, the relations
between hy, h,, and h,, and 752 for the sample of
CdCr_3ng 7Se;.

The data for CdGCSe:In (with REEB and
CdCr,_,,In,,Se, (in the SG statewith x=0.15 andx=0.35
thin films are collected in Table | fotr;=7,=0.20 as an
example. The reduced fielth;, h,, andh,, were already
defined in paragraph 3. We have tal@n2, S=3/2 for CP*
and =60 (average size of finite spins cluster PS€

In some models of the spin-glass state the system is con-
sidered as having the form of clusters embedded in IFN.
Below freezing temperature, spins in a single cluster are
aligned and all clusters are randomly distributed in the
sample volume. In this microscopic picture of disordered
state, the distribution of clusters size is also taken into ac-
count as well as the composition dependent size of a
cluster®?2\We are not able to perform the susceptibility mea-
surements that allow us to determine the cluster size in the
indirect way? Therefore we have to start from the simplest
case, assuming that the average size of clustegoO), is
stable, not altered by a dilution level within the examined
range of indium content. Only the number of FSC is affected
by the dilution level.

We have taken the size of clusters equivalent to 60 spins,
which corresponds to about 3—4 spins along one direction of
lattice. The lattice parameter of CdSe, equals 10.75 A
and the Cr-Cr distance is 3.63 A. It gives about 27 cluster
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TABLE I. Critical temperatures and reduced field for different compounds.

Tcrd0) T4(0)

Sample (K) (K) hest ha hm Jo=1—h,/heg
CdCnrSe;:In

(AT line) 120 0.100 0.002 0.098 0.98

(GT line) 107 0.921 0.020 0.901 0.98
CdCr 7Ing 55

(AT line) 17.7 0.100 0.012 0.088 0.88
CdCr gng Se

(AT line) 17.4 0.100 0.026 0.074 0.74

spins in a unit cell. In our calculations, we estimate the value VI. CONCLUSIONS

of cluster size above the unit cell, taken one more spin clus-
ter (four spins along every direction on the latlicéhen the
size of the clusters is 64. Finally we have taken 60 as th

average size of the spin clusters. . o . :
_ ing modifies the critical AT and GT lines of tHe-T phase
We have found that the exchange constiyat 1 ha/heg diagram. The IFN are the source of an internal magnetic field

(Ref. 9 of IFN (infinite ferromagnetic netwojkis dilution- which contributes to longitudinal and/or transverse spins
level dependent in such a way that with increasing In con- 9 P

centration], decreases. It is reported in Refs. 14, 15, and 1.;reezing. In this paper we investigated thin films of magnetic

X ' miconductors: (i) CdCrSe:In  (with REB), (ii)
that the dynamics of vector spin glasses leads to a %rossov ACh_ 5 In,,Se, (in the SG statewith x=0.15 andx=0.35.

from Heisenberg spinhes~722) to Ising spins(hgg~73'2). . .
For higher magnetic field the critical line in the magnetic . The samples were obtained by rf sputtering. The type of
disordered magnetic state has been studied by the tempera-

field—temperature plane have the part similar to the GT “neture and composition dependence of the induced maanetiza-
With decreasing magnetic field there is part of HéT,) . mposit P ) ; . 9
9 tion and unidirectional magnetic anisotropy field.

”n? fWhi(;]h has :he fielﬁ terEperatL}re dependence |0f thatktypl- The critical lines were found from the onset of irrevers-
cal for the AT line. The change from GT to AT line takes ., ... ! .

! . : ibilities between the field-coolet-C) and zero-field-cooled
place at the crossover fiekf=d (d=D/J, defined in Sec. (ZFC) dc magnetization. Thdg:—')l' ohase diagram for
lIl) which is ﬁltered by th? rando(rjn malgnet|;: an;lsotfr?py.f samples with REE has two critic%l lines AT and GT, while

In Fig. 5, the two critical AT and GT lines for thin film o ; > . '
’ . ..~ for samples in the SG state one AT critical line was found.
CdCrSe;In (REE) are present. Both lines are merging into On the ij)asis of thed -T phase diagram the internal mag-
a4 . _ ) . a
;’Q,Eoc‘(’j”h\'/‘\:/g 'SutA v-vrit::k: ?(t)diam;i) Eg,ihs;enést)tﬂg :(e\ll\e/lgson netic field h,, related to IFN was determined. This field is
eff 0. WE Pt PP eff — I ._dilution-level dependent; decreasing with the increasing
found. A similar effect was also expeirmentally confirmed in amount of indium. Such an effect was expected since the
ratio of IFN/FSC increases when dilution level is getting

Ref. 15. There is an analytical formula for a relationship
between microscopic DM interaction constahiand macro- smaller. This leads to the increase in the reduced magnetiza-
tion m and, as a result the increase hy, is observed. It

scopic unidirectional magnetic anisotropy energy contant
remains a challenge for us to determine reliably the internal

(K=H,4, M).Z The formula consists of the standard expres
sions of Ruderman-Kittel-Kasuya-YosidRKKY) constant magnetic field of the long-range-ordered clusters. Also the
value of d=D/J, the ratio of strength of Dzaloshinsky-

and a DM vector.
The authors of Refs. 16 and 24 have obtained SatiSfaCtOW/loriya with respect to the RKKY interaction, was deter-
hined in the case of the thin films with reentrant transition.

agreement between the calculated and experimentally det

mined values of the anisotropy constant, for bulk samples o
CuMn alloys doped with Au and Ni, in the spin-glass state.
In our case, at the present state of the investigatior_ls of poly- ACKNOWLEDGMENTS
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