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Exchange coupling in ultrathin Fe(8 A)/xCu/Tb 12 A) film structure has been studied.
The film samples were prepared on Si substrates by electron-beam evaporation in an
ultrahigh vacuum system having a background pressure of =10~ Torr. To suppress forma-
tion of Fe-silicide on Si/Fe interface, a buffer Cu layer (10 A) was preliminary deposited
onto Si substrate. To characterize the film, ferromagnetic resonance (FMR) and a know-
how based on the Hall-like effect in zero external magnetic field were used. It has been
shown that when Cu spacer thickness is increased, a periodical change of Fe film resonance
field occurs. Application of FMR allowed to conclude directly the sign of exchange
coupling between Fe and Tb layers or, in other words, the mutual orientation of their
magnetizations. These results were also confirmed by new technique based on Hall-like
effect. The period of oscillations obtained has been measured to be of about 2.65 Cu
monolayers and is in good agreement with the value of 2.6 monolayers for the Cu(001)
Fermi surface.

I/ICDCJIe,E[OBaHO 06°MeHH()e B3aMMOJeMiCTBE B YJIbBTPATOHKOM IJIEHOYHON CHCTEeMe
Fe(8 A)/xCu/Tb(12 A). Ilnenounsie 00PAa3ILl MOJYYAIN METOAOM SJIEKTPOHHO-JIYYEBOr'0 Ha-
MILIJIEHUSI HA KPEMHHEBYIO MOAJIO0KKY B CBEPXBBLICOKOBAKYYMHON CHCTEME C JaBJIEHHEM OCTa-
TOYHBIX TrasoB =~1079 Top. Hnsa mpemoTBpaimieHus OOpPa3oBaHWSA Ha IIOBEPXHOCTH pasieiia
Si/Fe cumumupa xeesa MCIOJL30BaIN O0ydpepHbli ciaoir Cu Tommuuoin 10 A, peaBapuUTeIb-
HO HaHECEeHHBI Ha KPEMHHEBYI0 MOMIOKKY. A XapakTepusaluu IJIEHOYHBIX CTPYKTYD
HMCIO0JIb30BaIu (PeppoMaruuTHLIN pesdonauc (PMP), a Taxkike HOy-Xay Ha OoCHOBe XOJJI-IIOL00-
HOrO (deKTa B HYJIeBOM BHEITHEeM MArHUTHOM IoJje. IlokasaHo, 4YTO ¢ M3MEHEHUEeM TOJIIIH-
HBI IIPOCJIOMKKM MeIN MHPOUCXOAUT IIePUONUYECKOe M3MEeHeHMNe PEe30HAHCHOTO MOJIA JKeJesa.
UcnonssoBanne ®MP 103BOJMIO0 HANPAMYIO CYAUTH O 3HAKe OOMEHHOTO B3aMMOIEHCTBUA
MeXKIYy CJIOAMHU ’Kejesa U TepOusd, WU OPYTMMU CJIOBaMU, O B3aUMHON ODPHEHTAIIMU UX
HaMarauuyeHHOCTel. OTH pPes3yJbTaThl TaKKe IOATBEPIKIeHBI METOANUKOM HAa OCHOBE XOJLJI-IIO-
nobuoro sapderxra. Ilepros MONYUEHHBIX OCIUJJIANNN OOMEHHOTO B3aMMOAEMCTBUA COCTABHUJI
=~2.65 MOHOCJIOEB MeIN W HAXOAUTCA B XOPOIIEM COOTBETCTBUM C IepuoioM 2.6 MOHOCJIOyU
s mosepxHocTu ®epmu Cu(001).
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Elaboration of new multilayered ul-
trathin film structures for modern fields of
microelectronics demands new approaches.
Due to existence of exchange coupling be-
tween magnetic layers separated by non-
magnetic spacer, it is possible to obtain ma-
terials with new unique magnetic proper-
ties. These could be achieved if we use rare
earth metals, which have a large magnetic
moment per atom, as one of the magnetic
layers. Prior authors have studied the ex-
change coupling in trilayer Fe/Au/Tb film
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structures and it was shown that a change
of the magnitude and sign of the exchange
interactions between Fe and Tb layers oc-
curs as the Au spacer thickness increases
[1]. The use of Cu as the spacer material is
also of particular interest. On the one hand,
Cu has very close physical properties to Au
ones, the shape of their Fermi surfaces
being almost the same [2]. On the other
hand, Cu has some potential advantages: its
conductivity is a little larger than that of
gold, therefore, more conduction electrons
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can be involved into exchange processes.
Hence, the magnitude of the exchange cou-
pling can be increased. This was proved in
the literature, where the exchange coupling
was studied between two ferromagnetic lay-
ers separated by Au and Cu spacers [3].

In this work, exchange coupling in ul-
trathin Fe(8 A)/xCu/Tb(12 A) film struc-
ture was studied. The film samples were
prepared on Si substrates by electron-beam
evaporation in an ultrahigh vacuum system
having a background pressure of =1079 Torr.
The deposition rates were in the range of
0.1-0.4 A/s and were controlled by the
quartz microbalance. As it was shown in
our previous investigations [4], when a Fe
film is deposited directly on Si substrate,
Fe silicide is formed. In Fe/Au/Tb struc-
tures, this resulted in disappearance of the
short-period oscillations of exchange cou-
pling. Deposition of ultrathin Au buffer
layer onto Si substrate suppressed Fe-
silicide formation, so the short-period oscil-
lations became apparent. That is why when
preparing film samples with Cu spacer, Si
substrate was covered with 10 A Cu buffer
layer. To characterize the films, ferromag-
netic resonance (FMR) providing the infor-
mation on the magnetization of samples and
the character of exchange coupling between
magnetic layers, and also a know-how based
on the Hall-like effect at zero external mag-
netic field were used.

According to results of FMR studies of
the control 8 A Fe film, if the buffer layer
is used, the resonance field of this film
shifts abruptly to about 11.7 mT as com-
pared to that of 120 mT for the same film
but deposited directly onto Si substrate. The
resonance field for bulk Fe is about 50 mT [5].
Such sharp decrease of the resonance field
for the ultrathin Fe film on Cu buffer layer
can indicate a sharp increase of its magneti-
zation. It is known that Fe deposited at
room temperature grows epitaxially on
Cu(100) up to 10-12 monolayers (ML) [6].
A face-centered cubic (fcc) crystal phase
with a tetragonal distortion is formed up to
5 or 6 ML. Also it was shown [7] that at
2—4 ML thickness, a bcc-like phase can
form along with the fcc phase. Moreover,
the films around 3 ML have the highest
bce-like content. At this critical coverage,
the fcc layers of the film show a complex
magnetic behavior due to the different
amounts of lattice expansion along the sur-
face normal [8]. This behavior is associated
with changes in electronic properties, in
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Fig. 1. FMR studies of Fe/Cu/Tb structures.
Oscillation of Fe and Tb resonance fields as a
function of Cu spacer thickness.

particular, with a splitting of the spin-up
and spin-down d-states, which is related
closely to the unit cell magnetic moment,
hence, to the film magnetization. In the
case when Fe film of 3 ML thickness is
sandwiched between two Cu layers, its mag-
netization is oriented in its plane.

It was shown that when Cu spacer thick-
ness is increased, the periodical change of
Fe film resonance field occurs (Fig.1la).
Moreover, FMR allowed to observe the reso-
nance for Tb films (Fig. 1b). The application
of FMR makes it possible to conclude the
sign of the exchange interactions between
Fe and Tb layers. Within the coupled
trilayer system, the Fe film resonance field
is shifted towards lower field values as com-
pared to that for uncoupled film, indicating
the existence of ferromagnetic coupling [9].
Nevertheless, the FMR method is an inte-
gral one, so it is difficult to obtain the true
magnetization values of each magnetic
layer. Besides, during FMR measurements,
the film sample is situated in the external
magnetic field.

As it was shown in our previous studies
of Fe/Au/Tb film structures [4], the ex-
change coupling between Fe and Tb layers is
influenced by external magnetic field. That
is why the measurements on Fe/Cu/Tb film
structures were carried out using a tech-
nique based on the Hall-like effect in zero
external magnetic field. Results are pre-
sented on Fig. 2. In comparison with the
coupling oscillations for the trilayer with
Au spacer [4], which appeared to be close to
RKKY model, the oscillating dependence
for the structure with Cu spacer is more
complex. Nevertheless, the period of these
oscillations is about 2.63 ML of Cu (MLg,).
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Fig. 2. Oscillating dependence of Hall-like ef-

fect in Fe/Cu/Tb film structures. Inset: the
cross-section of Cu Fermi surface [12].

This value is close to the short period of
2.56 ML¢, predicted theoretically [10] and
to the value of 2.6 ML, obtained from the
experimental studies of Fe/Cu/Fe structure
[11]. This short period value corresponds to
the [001] orientation of the Cu spacer lat-
tice (inset in Fig. 2) [12]. There should also
be the long period of 5.88 ML Cu, which
also corresponds to [001] orientation, but it

This was also confirmed by Hall-like effect
measurements in zero external magnetic
field. Disagreement of the obtained oscilla-
tions with the RKKY model may be possible
as a result of the influence of Fe film mag-
netic inhomogeneities on exchange proc-
esses, which can be of the same nature as
the influence of the external magnetic field.
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Oco0auBocTi 00MiHHOI B3a€MOii B yIbTPATOHKUX
miriBkoBux crpykrypax Fe/Cu/Tb ma kpemuieBumx
MigKJIagKax

€.0.I1ozopenos, ﬂ.ﬁ.Hoaﬂnoecbrcuﬁ,

I[ocgli,uaiceHo OOMiHHY B3a€MOJil0 B YyJABTPATOHKiN IIiBKOBi#i cucremi Fe(8 A)/xCu/
Tb(12 A). IlniBKOBi 3pasKu OTPUMYBAaJU METOAOM €JEeKTPOHHO-IIPOMEHEBOTO HANUJIIOBAHHS
Ha KpeMHI€By IfKIAAKY B HaIBICOKOBAKYyMHIH cmcreMi i3 TmckoMm ocrarounux rasie ~1079 top.
st 3amobiraHHsa yTBOPEHHIO Ha MoBepxHi mominy Si/Fe cuminuay saniza BUKOPHCTOBYBAIU
O6ydepuuii map Cu Tosmuuow 10 A, AKUH IONepeIHb0 HAHOCUJIM Ha KPEeMHieBY IMiAKJIAmKY.
Huna xapakTepusallil IJIIBKOBUX CTPYKTYpP BUKOPHUCTOBYBaJu (epoMarHiTHUA pesoHaHC
(®MP), a Takoxk HOy-xay Ha OCHOBI Xo0J10-moxi6HOTO e(deKTy B HYJIHOBOMY 30BHIITHHOMY
maruiTHoMy moui. ITokasawo, 10 i3 3MiHOIO TOBIIMHM IPOINApPKy Miai BigOyBaeThcs mepio-
OUYHA 3MiHa Pe3OHAHCHOTO moJisg 3aiiza. Bukopucramua @MP mos3Boimiio CyAUTH IPO 3HAK
oOMiHHOI B3aemozii Misk ImIapamMm 3sajisa Ta Tep0Oilo, abo iHIIMMHK CJIOBAMM, IPO B3AEMHY
opienramiio ix Hamaraiuenocreii. I1i pesysbraTy TaKOK HiATBEPIKEHO METOAMKOIO HA OCHOBi
Xoamno-nmoxiouoro ederry. OrpuMmaHe 3HAUEHHA IepPioAy OCHUIAIINA 0oOMiHHOI B3aeMomil
ckaamae =2.65 MoHomapiB Mimi i moOpe ysromxyerbca 3 mepiogom 2.6 MOHOIIApiB a4
nosepxui @epmi Cu(001).
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