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The multilayer chalcogenide semiconductor films with large layer lattice misfit (0.5-13 %)
are shown to open the new opportunities for development of one-, two- and three-dimen-
sional superlattice nanostructures. The superconductivity has been revealed for the first
time in two-dimensional (dislocational) superlattices, the presence of periodic networks of
misfit dislocations at interfaces being directly responsible for the superconductivity. The
spectra of luminescence from quantum dots have been discovered for the first time in
three-dimensional PbSe—PbS superlattices, the dots being formed by structure modulations
from periodic misfit dislocations along the layer interfaces and composition modulations in
the orthogonal direction. The resonance tunneling of electrons via ferromagnetic EuS
barriers was found for one-dimensional (compositional) superlattices. The antiferromag-
netic interlayer coupling of magnetic EuS layers via non-magnetic PbS and YbSe spacers
has been found for the first time in semiconductor superlattices. Such coupling is observed
for unusual wide range of spacer thicknesses for narrow-gap PbS semiconductor (from 0.4
nm to 40 nm) and wide-gap YbSe (from 1 nm to 3 nm).

TIokasaHo, UTO MCIOJIb30BAHNE MHOTOCJONUHBIX IIEHOK XaJbKOTEHUAHBIX IOJYIPOBOJHU-
KOB C HECOOTBETCTBHMEM DPeIIeTOK COCeJHUX cjoeB B mupokux npegeaax (0,5—13 %) oTKpsI-
BAeT HOBbIEe BO3SMOYKHOCTU II0 CO3JAHUIO OJHO-, ABYX- U TPEXMEPHBIX CBEPXPEIleTOUHBIX
HAHOCTPYKTYpP. JJs IBYMEpPHBIX (AUCIOKAIMOHHBIX) CBEPXPEIIEeTOK BIIEPBble OOHADYIKeHA
CBEPXIIPOBOANMOCTh, KOTOPAs CBfASAHA C IPUCYTCTBUEM I[EPUOLUUYECKUX CETOK TUCJIOKAI[MI
HECOOTBETCTBUA Ha Me;K(pasHbIX rpaHuiax (OTCyTCTBUE NUCIOKAIUU MPUBOLUT K OTCYTCTBUIO
cBepxmpoBoguMocTu). id TpexmepHbIX cBepxperneTrok PbSe-PbS smepsrie o6mapy:xens:
CIIEKTPHI JIIOMUHECIEHIIUY U3 KBAHTOBBIX TOUEK, CO3JAHHBIX MOAYJALVEN CTPYKTYpPHI Iepu-
OVMYECKUMHU [JUCIOKAIUAMU BAOJb Me:K(DasHBIX I'DAHUL] U MOAYJALMEN cocTaBa B OPTOro-
HaJbHOM HampaBjeHuu. A OJHOMEPHBIX (KOMIIO3UI[MOHHLIX) CBEPXPEIIEeTOK OOHAPYIKEHO
PE30HAHCHOE TYHHEJIMPOBAHUE JEKTPOHOB uepes deppomarHuTHble Oapbepbl EUS, a rakixe
aHTU(EPPOMATHUTHOE YIIOPSAJOUeHNe MATHUTHBIX CJI0EeB, 00YCJIOBIEHHOE UX B3aUMOIEUCTBU-
eM uepes amamMarsuTHbele npocaoiikum PbS m YbSe. Takoe ymopsgmouernme HabGaOgaeTcs IJs
HEOOBIYHO OOJIBIIIOr0 AWANA30HA TOJIIUHBI IIPOCJIOEK Y3KO30HHOTO MojJynpoBoguuka PbS
(0,4-40 um) u mumporosouuoro YbSe (1-3 um).
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The main goal of materials science is to
synthesize new materials and to study the
structure and properties thereof. It is just
the superlattices (SLs) that are among the
most promising objects. The SLs are multi-
layered structures with periodically alter-
nating superthin layers of different materi-
als providing an additive modulating poten-
tial for charge carriers [1]. The SLs are of a
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great interest both in fundamental studies
and in practical applications. The main re-
quirements in development of epitaxial SLs
are as follows: (i) the layer-by-layer alter-
nating growth of the materials in use, (ii) a
difference in the band gaps thereof; (iii) a
small misfit between their lattice periods.
The largest progress is achieved for the
A3B® and A2B® SLs where the small lattice
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misfit is provided by multicomponent bar-
rier layers. An insufficient attention was
given to multilayer structures with a large
lattice misfit, as the misfit was assumed to
cause stresses, strains, and defects resulting
in additional scattering centers of charge
carriers. The development of such SLs and
studies of the physical properties thereof
will make it possible to extend considerably
the variety of superlattice materials of
practical interest, while the lattice misfit
offers new ways to SLs with homogeneously
and inhomogeniously elastically strained
layers, ordered dislocation systems, and co-
incidence site lattice at the interfaces. This
will extend considerably both the number of
structure states and thus the wvariation
ranges of the SL physical properties.

The binary chalcogenide semiconductors
were selected as the study objects, see
Table 1. Those have a simple crystal lattice
of NaCl type, are rather simple to obtain as
single crystal films on various substrates
(KCI, BaF,, mica, Si), show a wide lattice
misfit range (f = 0.5 to 15 %), and provide
the formation of multilayered compositions
with different layer combinations (narrow-
gap, wide-gap, ferromagnetic and nonferro-
magnetic, ete.).

To resolve the problem, an original high-
vacuum unit was designed providing the oil-
free pumping system (down to 10~7 Pa), the
resistive evaporation of lead and tin chalco-
genides from tungsten boats and electron-
beam evaporation of rare-earth metal (REM)
chalcogenides. The multilayered films were
synthesized by successive condensation of
the chalcogenides onto freshly cleaved KCI
and BaF, substrates at 200—-250°C. The
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Fig. 1. Electron microscopic images (left) and
electron diffraction patterns (right) of YbS—
PbSe (a), YbS-PbS (b) and YbSe—PbSe (c)
films. Dislocation reflections are denotd as DR.

layer thickness and the condensation rate
were monitored by a calibrated quartz reso-
nator placed near the substrates. Modern
methods of high-resolution electron micros-
copy, X-ray and neutron diffraction were
used in structure studies; a set of modern
low-temperature methods was used to exam-
ine the optical, electrical, and magnetic
characteristics of the films.

Table 1. Lattice periods (a), heat expansion coefficients (o), band gap widths (Eg), melting points
(T,,), Curie points (T), and Neel temperatures (T,) for materials studied

Materials a, nm O‘(300K)'_10_6’ E'g (300 K), eV T, °C Te, K (Ty), K
deg!
PbS 0.5936 20.3 0.41 1113 —
PbSe 0.6126 19.4 0.29 1080 —
PbTe 0.645 19.8 0.32 923 —
SnTe 0.633 20.8 0.18 806 —
YbS 0.5658 16 1.7 2230 —
YbSe 0.5879 17 2.0 2210 —
YbTe 0.6366 18 1.9 1930 —
EuS 0.5965 16.2 1.65 2560 16.5
EuSe 0.6188 18.6 1.8 2213 2.8 (4.6)
EuTe 0.6585 18 2.0 1983 )
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Table 2. Calculated (f, D) and experimental (., h,) parameters of superlattices: f is the lattice
misfit of the layers; D,,,,, the MD period; k., the critical layer thickness for MD introduction;
h,,, the minimum layer thickness for SL formation

SL f, % Dyp, nm h., nm h,,, nm

EuS—-PbS 0.5 - - 0.6
YbTe-SnTe 0.6 - - 0.8
EuSe—PbSe 0.9 - - 1.0
YbSe—PbS 0.9 - - 1.0
EuTe—PbTe 2.0 23 8 1.2
PbTe-SnTe 2.1 23 7.5 1.4
EuS-PbSe 2.5 20 7 1.5
PbSe—PbS 3.1 13 6 1.5
SnTe-PbS 3.3 13 6 1.6
EuSe—-PbS 4.0 12 5 1.8
YbSe—-PbSe 4.1 10 4.5 2.0
EuSe—PbTe 4.4 10 4 2.0
YbS-PbS 4.8 8.5 3 2.0
PbTe-PbSe 5.3 8.4 3 2.0
EuTe—-PbSe 7.2 6.2 2 3.0
EuS-PbTe 7.7 5.7 1 3.0
YbS-PbSe 7.9 5.2 1 3.5
PbTe—PbS 8.3 5.2 1 3.5
YbSe—PbTe 9.2 4.7 1 4.0
EuTe-PbS 10.0 4.3 1 4.0
YbS-PbTe 13.0 3.3 1 4.0

A SL should consist of sufficient good
quality single-crystal layers to provide the
most full realization of its unique proper-
ties. As to lead and tin chalcogenides, the
KCI and BaF, substrates are known to be
the optimal, where the single crystal films
grow in (001) and (111) orientation, respec-
tively. A study of the REM chalcogenide
epitaxy has shown that those grow as poly-
crystalline films, at best as textured ones.
The single-crystal layers of REM chalco-
genides have been obtained using the lead
and tin chalcogenide films where the re-
quired films grow in a layer-by-layer man-
ner according to the Franck-van der Merve
mechanism resulting in formation of the
single-crystal films with at least the same
crystal structure perfection as the substrate
one. At a lattice misfit f > 2 %, a square
network of pure edge misfit dislocations
(MDs) is formed at the (001) interfaces. The
MDs provided the compensation of the lat-
tice misfit between the conjugated layers
and localization of stresses and strains
caused by that misfit near the interface in
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the form of periodic modulations. The dislo-
cation-induced stresses are quite sufficient
to modulate the semiconductor band gap.
Taking into account the high regularity and
periodicity of the MDs (where the electron
diffraction is observed as dislocation re-
flects in the electron diffraction patterns),
those can be considered as a new type of
two-dimensional (dislocational) superlattices
with a periodic structural modulation in the
interface plane [2]. When varying the mis-
fit value (from 13 to 2 %), the dislocation
structures with a period from 8 nm to
30 nm can be obtained, Table 2.

In diffraction patterns of the multilay-
ered structures, an interference pattern
consisting of satellite reflections arises in-
stead of the Bragg reflections from each
material; the reflection spacing is defined
by the multilayer period, Fig. 2a. A similar
system of satellite peaks is observed for low
angle X-ray scattering, too, Fig. 2b. Using
the transmission X-Ray scattering, the
layer thickness causing the pseudomorphism
break (or a MD introduction) can be deter-
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Fig. 2. X-ray diffraction patterns of an EuS—
PbSe/(001)KCI SL with 11.4 nm period in the
(200) reflection (a) and near the primary beam
(b). Satellite reflections are denoted as S,,.

mined from the pseudomorhic reflection
split into two separate ones corresponding
to each layer. In this manner, the critical
layer thickness for the MD formation was
determined for each couple of the materials
studied, the results are presented in Table 2.
The Table presents also the minimal layer
thickness values providing the possibility of
superlattice formation, that thickness is de-
termined from the presence of at least first
order satellite reflections.

The structure study results can be sum-
marized as follows. Basing on chalcogenide
semiconductors, three types of superlattice
nanostructures can be formed, namely (i)
the one-dimensional (composition) SLs syn-
thesized at small layer misfit and thickness
being smaller than the critical ones for
MDs; (ii) two-dimensional (dislocation) SLs
at larger misfits and the layer thickness
exceeding the critical ones for MDs; (iii)
three-dimensional (composition-dislocation)
SLs being a combination of two preceding
ones.

A large concentration gradient over such
small distances may cause a fast layer inter-
mixing and the superlattice degradation
even at the preparation stage. Therefore,
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Fig. 3. X-ray diffraction in the (200) reflec-
tion of a PbSe—PbS SL with 22 nm period in
the initial state (a) and annealed at 543 K for
10 h (b) and 78 h (c). Satellite reflections are
denoted as S,,.

the temperature and time stability studies
of such nanostructures is among the mat-
ters of most importance. The effective
methods of such studies include the X-ray
diffraction making it possible to monitor
the layer intermixing processes from the in-
tensity changes of the satellite reflections
as well as to determine the interdiffusion
coefficients thereof [3—-5]:

I,(t9)
In =
I,(t)

nm2 (1)

where I,, is the m-th satellite intensity nor-
malized to the zero one; ¢; and ¢, the an-
nealing time moments; m, the satellite
order; H, the SL period; D, diffusion coeffi-
cint.

The SLs were subjected to diffusional an-
nealings in vacuum at different tempera-
tures. After each annealing, XRD patterns
were obtained. The results are presented in
Table 3 where the SLs studied are seen to be
rather stable structures having in as-pre-
pared state very small intermixed zone
thickness AX (AX2 ~ 4Dt) of the order of
one monolayer or less, thus being a very
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Table 3. Diffusion characteristics of SLs: f is the lattice misfit of the layers; H, the SL period;
h;, layer thickness; T, the annealing temperature; D, diffusion coefficient; D,, pre-exponential
factor; E,, activation energy; Dyy5 i, diffusion coefficient at 523 K; AX, the intermixed zone

thickness at 523 K for 1 h

(14+6)

SL f» % | H(hy+hy), nm | T, K | D, em?/s | Dy, em?/s | E,, eV | Dgosx, | AX, nm
cm?/s
PbSe-PbS 3.1 18 (9+9) 20 543 1.6-10°20 5.3-10°4 1.78 1.6-10719 0.48

593 410719
623 2.1-10718

PbTe-PbSe | 5.3 8.6 (4.3+4.3) 543

2.3-.10720
593 1.9-10719
643 3.1-10718

1.6-1076 1.5 5.6-10721 0.09

EuS—-PbS 0.5 8.0 (4+4) 543

1.1.10720
593 6.4.10720
623 1.7-10718

2.2.1079 1.22 3.10721 0.06

EuS-PbSe | 2.5 | 19 (9.5+9.5) 593 7.7.10721 | 4.010710 | 1.26 | 2.9.10°22 0.02
11.5 (10+1.5) 693 3.3.10719
8.6 (6+2.6) 733 8.7-10719

EuSe-PbS | 4.0 14 (7+7) 573 0.8-10718 | 1.1.10711 0.9 2.2.10720 0.18

598 1.7-10718
623 3.5-10718

EuSe-PbSe| 0.9 15 (8+7) 673 0.5-10°18 9.9.10°6 1.78 7.5.10723 0.01
13 (7+6) 698 1.2:10718
16 (8+8) 723 4.5-10718

PbTe—PbS | 8.3

Are not intermixed up to 750 K

EuS—-PbTe 7.7

Are not intermixed up to 750 K

promising objects for further studies and
search for new effects.

The dimensional quantization and reso-
nance tunneling are effects typical of the
SLs. The dimensional quantization can be
revealed as separate emission lines corre-
sponding to transitions between quantum
levels (mini-bands) in the photolumines-
cence spectrum as well as changes in posi-
tions of those lines when varying the quan-
tum well width and the pumping (excita-
tion) levels. That has been demonstrated for
the nanostructures obtained [6, 7]. In the
dependences of the long-wave photolumines-
cence edge on the single-layer film thick-
ness, its increase from 260 meV up to
500 meV is observed as the thickness is re-
duced from 30 nm to 3 nm. The experimen-
tal points agree well with the calculated po-
sition of the 15% dimensional quantization
level for a single quantum well. A similar
dependence is observed also for the EuS-
PbS SL (Fig. 4) where the positions of ex-
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perimental points agree well with the posi-
tions of the 15t and 2" dimensional quanti-
zation levels calculated in the frame of
Kronig-Penney model. The photolumines-
cence is of most interest in three-dimension-
ally modified structures, or dislocation-com-
position SLs, e.g., PbSe-PbS one [8]. The
photoluminescence spectra (Fig. 5) contain
four main equidistant lines, their positions
are temperature-independent (within the
temperature range of their existence). The
temperature variation results in the inten-
sity redistribution between those lines. At
higher temperatures, the lines correspond-
ing to higher energies become more intense.
The positions of those four lines in the
spectrum of the SL mentioned and espe-
cially the temperature independence thereof
agree well with the dimensional quantiza-
tion predictions in the quantum dot model.

Electrical Properties of Superlattices.
Historically, the first reason for SL devel-
opment was the prediction of unique elec-
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Fig. 4. Dependences of the long-wave edge of
photoluminescence peaks for a EuS—PbS SL
on the PbS layer thickness; E; are calculated
curves of the dimensional quantization level
position. Inset: a schematic SL band model.

trophysical peoperties thereof [1], in par-
ticular, of negative differential conduc-
tance, and of possible application thereof in
GHz and THz range electronics. The non-
linearity of transport properties is espe-
cially pronounced at transversal transport
(along the SL axis) where the charge carrier
tunneling through the barrier layers occurs.
That is why a special attention is given to
the transversal transport and tunneling
when studying the electrophysical proper-
ties of SLs.

The transversal transport studies in
EuS—-PbS multilayered structures have
shown the presence of the electron reso-
nance tunneling through thin (2 to 5 nm)
EuS barriers, therefore, such structures
have strongly nonlinear IVCs (Fig. 6) in-
cluding sections with negative differential
conduction (for two-barrier structures) [9—
11]. The conductance of such structures has
been found to change as when the barrier
layers transit into the ferromagnetic state
and the change sign is defined by the mu-
tual orientation of magnetization in the
neighboring EuS layers. Such conduction
changes are connected with the exchange
split of the barrier layer conduction band
and the spin polarization of electrons tun-
neling therethrough. That is why such
structure are very promising for the spin-
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Fig. 5. Photoluminescence spectrum of a

PbSe-PbS SL (each layer of 7 nm thickness)
at temperatures from 5 K to 90 K.

tronies (the spin-polarized electronics)
where not only the charge carrier current
value but also the spin state thereof can be
controlled.

When studying the longitudinal trans-
port properties of SLs, the superconductiv-
ity (SC) of two-dimensional dislocation SLs
was revealed in the multilayer PbTe—PbS
structures [12—14] where there are no super-
conducting transitions in single-layer films.
The SL superconductivity is connected with
the presence of regular misfit dislocation net-
works at the interfaces (there is no supercon-
ductivity if the dislocation networks are ab-
sent) and has the following characteristics:
the transition point T, = 2-6.5 K; the maxi-
mum critical magtnetic field H_, = 30—
40 kOe, the energy gap (A) — 2A/kT, ~ 10.

The superconductivity of dislocation SLs
is of two-dimensional character and is local-
ized near the interfaces. The pairing of car-
riers occurs initially in the vicinity of the
dislocation network sites (that is evidences
by the occurrence of zero-dimensional fluc-
tuation SC). The superconductivity is stabi-
lized by the interaction of neighboring dis-
location sites (the occurrence of two-dimen-
sional fluctuation SC) and then of
neighboring MD networks through the lead
chalcogenide layer. The superconductivity
observed in the dislocation SLs is nontrivial
and is not explained by none of existing
theories, for example, the temperature de-
pendence of superconducting gap does not
correspond to the Bardeen-Cooper-Schrieffer
theory. A certain similarity in the crystal
structure elements and the analogy in SC
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Table 4. Lattice misfit (f), misfit disloca-
tion period (D), and maximum critical
temperature of SC transition (T,) for SLs

SL f % | Dyps
nm
A | PbTe-SnTe | 2.0 23 2.9

PbSe-PbS 3.1 13.6 4.5
PbTe-PbSe 5.1 8.6 6.02
PbTe—PbS 8.3 5.2 6.53

B YbS—-PbS 4.8 8.5 5.39
YbS—PbTe 13 3.3 5.93
C EuS-PbSe 2.5 17 2.48

EuS—PbTe 7.7 5.7 5.01
EuS—-PbS 0.5 |No MD | No SC

D YbS-YbSe 3.8 10.6 | No SC

YbS—-EuS 5.3 7.7 No SC

properties of dislocation SLs and HTSC sug-
gests a similarity of the superconductivity
nature and mechanisms in such structures.
The collection of the studies allows to con-
clude that the dislocation SLs are a conven-
ient HTSC model [13] where the charac-
teristic structure dimensions are one deci-
mal order larger and the critical parameters
are respectively decreased, thus, the study
thereof is much simplified.

The superconductivity in two-dimen-
sional dislocation SLs was revealed also for
other multilayer structures including lead,
tin, europium, and ytterbium chalcogenides,
see Table 4 [15, 16].

When considering the effect of MD pe-
riod on the SC transition temperature, it is
to note that there are four different SL
types noted in the Table as A, B, C and D.
The type A SLs consist of narrow-band
semiconductors only and show higher T,
values than other SL types. In the B type
SLs, one of the layer materials is a wide-
band semiconductor and thus the carrier
concentration averaged over the SL is sub-
stantially lowered. Therefore, the T, in
such SLs is lower than that in the A type
ones. In the C type SLs, one of the material
(EuS) is a wide-band semiconductor and fer-
romagnetic. In such SLs, the T, is lowered
as compared to that of the preceding ones
due to the proximity effect and the SC sup-
pressing by the ferromagnetic. However,
the supeconductivity is not vanished com-
pletely even in such SLs with ferromagnetic
layers.
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Fig. 6. IVC of the transversal transport for a
two-barrier tunneling structure EuS(3 nm)-
PbS(7 nm)-EuS(3 nm)/ (001)PbTe (the me-
sastructure section 100x100 pm) at 77 K ob-
tained at the voltage increase (1) and de-
crease (2).

The dependence of the SC transition
point on the MD period is to be considered
individually for each SL type (Fig. 6). It is
obviously at such consideration that the in-
creasing MD density (shortening the MD pe-
riod) results in elevation of the SC transi-
tion temperature for the dislocation SLs
(within the frame of each SL type).

Magnetic superlattices. The magnetic su-
perlattices consist of alternating layers of
materials differing in magnetic properties.
Of a particular interest are the SLs with
ferromagnetic layers. Such structures pro-
vide an additional magnetic modulating po-
tential for the charge carriers but also offer
a unique opportunity for fundamental stud-
ies of interaction between the magnetic lay-
ers through the nonmagnetic spacers. The
discovery of exchange layer interaction
(ELI) in Fe/Cr/Fe sandwiches [17] has impul-
sed strongly the investigations in sandwich
structures consisting of different ferromag-
netic metals separated by nonmagnetic spac-
ers. The ordering of their magnetization in
parallel or antiparallel manner was ex-
plained well by the quantum interference of
conductivity electrons [18]. As to semicon-
ductor systems, the possibility of such an
interaction was not studied up to now, be-
cause it was thought to be hardly probable
due to low concentrations of charge carri-
ers. The SLs of chalcogenide semiconductors
offer a unique opportunity for such investi-

Functional materials, 16, 4, 2009



A.Yu.Sipatov / Superlattice nanostructures based on ...

1 1
4 8 12 16 20 24
Db, nm

Fig. 7. Dependences of the critical SC transi-
tion temperature on the MD network period
for SLs of narrow-band semiconductors (0O),
of combined narrow- and wideband semicon-
ductors (4#) and for SL with ferromagnetic
EuS layers (Q).

gations because those include ferromagnetic
materials (EuS, EuSe).

First of all, studied were the presence
and features of the transition of EuS layers
in the SL composition into the ferromag-
netic state that was determined from tem-
perature dependences of magnetization and
magnetic susceptibility. It has been found
[19] that as the EuS thickness is reduced
from 10 monolayers to 2 ones, the Curie
point drops from 17 K to 9 K (Fig. 8) that
is explained by reducing number of nearest
magnetic neighbors (Eu ions). Moreover, the
Curie point decrease by 2—3 K was revealed
due to thermally induced stresses in the
film /substrate system caused by difference
in the heat expansion coefficients thereof.

The magnetic anisotropy is another im-
portant characteristic of the magnetic lay-
ers. Proceeding from angular and tempera-
ture dependences of the ferromagnetic reso-
nance lines, the magnetic anisotropy
constants (Kg,g5) have been determined for
SLs on BaF, substrates (K, = -0.71 MJ/m3
and K,=0.08 mJ/m?) and on KCI| ones
(K, =—-0.67 MJ/m?® and K, = 0.05 mJ/m?)
[20]. The dependence of Kg,g on the thick-
ness of layers (dg,s) has been established to
correspond to the known relationship
K(dg,s) = Ky + 2Kg/dg,g with dominating
part of the volume component Ky (form an-
isotropy), resulting in the magnetization in
the EuS layer plane. Using the polarized
neutron diffraction, the magnetic anisot-
ropy in the plane of SL layers has been
found and the features of the domain struc-
ture thereof have been determined. The do-
main magnetizations in the EuS-YbSe and
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Fig. 8. Dependences of Curie point on the
EuS layer thickness for EuS-PbS/(111)BaF2
(O) and EuS-PbS/(001)KCI| (m) SLs. Solid
lines present the calculated dependences for
sharp interphase boundaries; dashed lines,
for about 2 monolayers thick intermixed
zones at the interphase boundaries.

EuS-PbS SLs have been shown to be ori-
ented along different directions in the layer
plane, namely, along the easy axes <110>
and <210>, respectively [21].

The neutron diffraction is the most ef-
fective method to investigate the magnetic
SLs that makes it possible to study the ex-
change interaction of the magnetic layers
and to distinguish the antiferromagnetic
(AFM) and ferromagnetic (FM) coupling of
neighboring layers. The diffraction patterns
have been obtained for EuS—-PbS and EuS—
YbSe SLs (Fig. 9) where the AFM peaks
were observed [22—25]. This allowed to state
definitely the AFM coupling (when the mag-
netization in the neighboring EuS layers is
directed oppositely). Such coupling is ob-
served for an unusually large thickness
range of the narrow-band semiconductor
(PbS) spacers (0.4 to 40 nm) and the wide-
band (YbSe) one (1 to 3 nm), what is a sub-
stantial distinction between the semiconduc-
tor SLs and the metallic ones.

A magnetic field applied along the SL
layers rotates the magnetization of all the
layers to one and the same direction, thus
causing the AFM peak disappearance and
appearance of a ferromagnetic component in
the sites of structure peaks. The switching-
off of the external magnetic field restores
the AFM ordering of the magnetic layers, so
the AFM peaks appear again in the neutron
diffraction patterns. Thus, the control of
magnetization ordering in neighboring EuS
layers in the SLs and triggering thereof out
of AFM to FM and vice versa using rela-
tively weak magnetic fields provides very
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Fig. 9. Neutron diffraction patterns for EuS(4.4 nm)-YbSe(2 nm)/(001)KCl (a) and EuS(6 nm)-
PbS(2.8 nm)/(001)KCI (b) SLs at T =385 K, B=0Gs (O,x), T=4.3K,B=0Gs (®) and T = 4.3 K,

B = 185 Gs (A).

good promises for such structures in the
spintronics (spin-polarized electronics) mak-
ing it possible to control not only the
charge carrier current but the spin state
thereof.

It is to note that none of modern theo-
retical models is able of explanation of the
observed experimental results.

Thus, the use of multilayer films with
large misfit ranges in the layer lattice pa-
rameters makes it possible not only to ex-
tend substantially the range of potential su-
perlattice materials but also to provide one-
, two-, and three-dimensional superlattice
nanostructures with new unique optical,
electrical, and magnetic properties.

The work was supported financially by
CRDF Grant # UKP2-2896-KV-07.
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HaarpaTkoBi HAHOCTPYKTYypH
HA OCHOBI XaJbhKOTe€HIiTHUX HAIiBIIPOBITHUKIB

0.10.Cinamos

ITokasaHo, 110 BUKOPUCTAHHSA 0araTolrapoBUX ILJIiBOK XaJbKOTeHITHUX HAMiBIPOBiTHUKIB
3 HeBigmoBigHicTIO rpaToK cymikHuMX mapieB y muporux mexax (0,5—13 %) Bigkpusae HOBI
MOJKJIMBOCTI JJIS CTBOPEHHS OJHO-, ABO- Ta TPUBUMIPDHUX HAATPATKOBUX HAHOCTPYKTYpP. s
IBOBUMIpHUX (AUCIOKAIIMHMX) HaATPATOK BIlepllle BUABJEHO HAANPOBiAHiCTb, MOB’A3aHY 3
OPUCYTHICTIO IEPiOAUYHUX CiTOK AUCIOKAIiil HeBigmoBizHocTi Ha MimdasHUx Mexax. Haa
TpuBuUMipHEX Haarpatokx PbSe—PbS Bmepmre smalizeno cuexTpn mroMiHecmeHIil 3 KBAaHTOBHX
TOYOK, YTBOPEHUX MOAYJISAIIE€I0 CTPYKTYPHU NEPIOAUIYHUMU JUCIOKAIIAMI y IJIOILUHI KOMIIO-
3UIlil Ta MOIYJAIIEI0 CKJIAAY B OPTOrOHAJBHOMY HANPAMKY. as ogHOBUMipHEMX (KOMIIO-
SBUIIIHNX) HAATIPATOK BUSBJEHO DE30HAHCHE TYHEJIIOBAHHS eJeKTPOHiB uepes (epomarHiThi
6ap’epu EUS, a Takomx amTmdepoMarsiTHe ynopsAKyBaHHS MAUHITHHX IIapiB, 3yMOBJIEHE IX
B3aemojgico uepes giamaraitTHi mpomapkum PbS ta YbSe. Take ynopsaxyBanHs cmocrepi-
raeThCs AJIA HEe3BUYHO BEJUKOTO TialmasoHy TOBIUHU IIPONIAPKIB BY3bKOSOHHOT'O HAMiBIIPOBi-
nuuka PbS (six 0,4 mo 40 um) ta mwmpokosonnoro YbSe (sig 1 mo 3 um).
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