Functional Materials 12, No.1 (2005)

Influence of Si substrate and interface quality
on exchange interactions in ultrathin

Fe/NM/Tb film structure

Ye.A.Pogoryelov, V.M .Adeev*, V.U .Bondarw

Institute for Magnetism, National Academy of Sciences of Ukraine,
36-B Vernadsky Ave., 03142 Kyiv, Ukraine
“L.Frantsevich Institute for Problems of Materials Science, National
Academy of Sciences of Ukraine, 3 Krzhyzhanovsky St., 03142 Kyiv, Ukraine
“G. Kurdyumov Institute for Metal Physics, Natlonal Academy of Sciences
of Ukraine, 36 Vernadsky Ave., 03142 Kyiv, Ukraine

Trilayer Fe(8 A)/NM/Tb(lZ A) (NM = Au, Cu) film structures prepared on Si substrates
by electron-beam evaporation in an ultrahigh vacuum system with background pressure of
~1072 Torr have been studied. The film structure was characterized by X-ray diffraction
(XRD) and Auger electron spectroscopy (AES). Magnetic properties of the films were
studied using the conventional polar magnetooptic Kerr effect (PMOKE). XRD studies
revealed that a Fe silicide with the structure close to Fe;Si is formed at Si/Fe interface.
PMOKE measurements showed that formation of Fe-silicide results in disappearance of
short-period oscillations of exchange coupling between Fe and Tb layers. To suppress
silicide formation Au (3 A) or Cu (10 A) buffer layers were preliminary deposited onto Si
substrates. This resulted in clearly visible reappearance of short-period oscillations. But
according to AES data these buffer layer thicknesses were nevertheless insufficient to
completely prevent interaction between Fe and Si at the interface.

HccnepoBanbl TpexclOMHBIE ILIEHOYHBIE CTPYKTYpnl Fe (8 A)/NM/Tb(lZ A) (NM = Au, Cu)
HA KPEeMHUEBOI IOAJI0MKKE, U3TOTOBJEHHBIE METOIOM DJIEKTPOHHO-JIYUYeBOr0 HAIIBLIECHUS B CBEPX-
BBICOKOBAKYYMHON CHCTEME IIPH IaBIeHHu ocraTounbix rasoB =109 Top. CrpyKTypy 06pasmos
WCCIE0BANN METOAAaMM PEHTreHOBCKOoN amppaxToMeTpun n OiKe-ceKTpocKomuu. MarHuTHbIe
CBOMCTBA ILTIEHOK MCCHEQOBAIN C IIOMOIILI0 TPASUIMIOHHOTO IIOJSPHOT0 MATHHTOOITHYECKOTO
apexra Keppa. PeHTreHoBCKUe HCCJIEIOBAHUSA IIOKA3aJIM, YTO Ha IIOBepxHocTH pasgeaa Si/Fe
obpasyercs CHIMIN ejesa, OAUSKMi 10 cTpyKType K Fe,Si. CornacHo JaHHBIM MarHMTOOITH-
YeCKHNX MccIeqoBannii, obpasoBanue Fe-cumumuma IpUBOAUT K MCUE3HOBEHUIO KOPOTKOIEPHUOIH-
Ye-CKUX OCHUJIIAINN 0OMeHHOro B3aumojeiicTBus mesxay ciaoamu Fe u Tb. aa npemorsparire-
HUs 00pasOBaHUSA CHJINIA/A HA MOJJIOKKY IPeJBapUTeIbHO HaHocuau Oydepusiil caoit Au (3 A)
uwiz Cu (10 A). ATO IPHUBEJO K IOABJICHUIO KOPOTKONEPUOANYeCKUX ocumananuii. OxHako,
corsiacHo gaHHbIM OXKe-CIEeKTPOCKONINM, TaKas ToNMrHA Gy(hepHBIX CIOEB BCe ellle HeIOCTATOU-
HA [JIs IIOJHOI'O IPEeILOTBPAIEHNA B3ANMOIEMCTBUS KPEMHUA W JKeJesa.
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To develop new multilayered ultrathin
film structures for modern fields of micro-
electronics, new approaches are required.
Due to existence of exchange coupling be-
tween magnetic layers separated by a non-
magnetic spacer, it is possible to obtain ma-
terials with new unique magnetic proper-
ties. These could be achieved when rare
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earth metals having a large magnetic mo-
ment per atom are used as one of the mag-
netic layers. The previous studies of
Fe/Au/Tb structures prepared by molecular-
beam epitaxy [1] have shown that when dif-
ferent types of substrates (Si or quartz) are
used, the amplitude of exchange coupling
oscillations varies significantly. For struc-
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Fig. 1. PMOKE data for Fe/Au/Tb film strue-
tures without (a) and with (b) Au interlayer
at the Si/Fe interface.

tures on Si substrate, the amplitude of ob-
tained dependences was found to be almost
one decimal order smaller than the one for
quartz substrate. It is known that when Fe
is deposited on Si, a Fe-silicide of signifi-
cantly reduced magnetization may arise at
the Si/Fe interface [2]. Thus, taking into
account that the film is ultrathin, it becomes
necessary to consider the substrate influence
on the behavior of exchange interactions in
the structures under investigation.

In this work, the exchange coupling in
ultrathin Fe(8 A)/NM/Tb(12 A) film strue-
tures was studied (NM = Au, Cu). The film
samples were prepared on Si substrates by
electron-beam evaporation in an ultrahigh
vacuum system keeping a background pres-
sure of about 1079 Torr. The deposition
rates were in the range of 0.1 to 0.4 A/s
and were controlled by a quartz microbal-
ance. In order to evaluate the influence of
the substrate on exchange processes in such
structures, two identical series of trilayer
film samples were prepared. One of the se-
ries contained an ultrathin NM buffer layer
deposited directly on Si substrate. To
find out whether iron-silicide is formed
on Si/Fe interface in the investigated
film structures, those were studied by
X-ray diffraction (XRD) in Co K, radia-
tion (A = 1.79021 A). The film structure
was also analyzed by Auger electron spec-
troscopy (AES). Magnetic properties of
films were investigated using the polar
magnetooptic Kerr effect (PMOKE).

XRD patterns of a single 8 A iron film
on Si substrate are presented in Fig. 1. In
XRD pattern, two peaks (400), and (400)[3
are clearly seen corresponding to Si (100)
with the lattice constant a = 5.4307 A.
These signals are related to the substrate. A
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Fig. 2. XRD studies of Si/Fe interface show-
ing the existence of Fe silicide.

weak reflex at 38°29" corresponds to the
lattice constant a = 5.44 A. The most close
to these parameters is the Fe-silicide
Fe3Si(200) with the lattice constant a = 5.6 A.
Thus, the results obtained confirm directly
the formation of Fe silicide at the Si/Fe
interface. That is to say, the iron in the
investigated film structures exists mainly
not in pure form, but as a Fe-silicide.

Results of PMOKE studies for two series
of Fe/Au/Tb films with and without Au
buffer layer are presented in Fig. 2. It is
seen that the presence of Au buffer layer on
Si substrate results in significant changes
into oscillating behavior of Kerr angle (0f)
as a function of the Au spacer thickness.
Curve (a) corresponds to Fe/Au/Tb trilayers
deposited directly on Si. At first sight, it
may seem that there are no oscillations at
all, but only a sharp decrease of 0 value at
certain spacer thickness. But if we assume
that the distance between the maximum (at
about 7 A of spacer thickness) and the
minimum (at 20.4 A) corresponds to the
half-period of oscillating dependence, then
it is possible to calculate the period value.
The calculation gives us the value of 8.9
monolayers of Au spacer (MLp,) which is
very close to the long-period wvalue 8.6
MLp,, known from theoretical and experi-
mental studies [3, 4]. This period value is
also equal to the long period of oscillations
determined from anomalous Hall measure-
ments for the same structures prepared by
molecular-beam epitaxy on quartz sub-
strates [1]. A quite different picture is ob-
served when 1 MLy, is introduced into
Si/Fe interface. Dependence of 07 on the Au
spacer thickness is presented by curve (b).
Here, short-period oscillations at Of about
2.41 MLy, are clearly seen.
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Fig. 3. AES spectra of Fe/Au/Tb film struc-
tures with Au buffer layer on Si substrate.

In general, the short-period oscillations
are highly sensitive to inhomogeneities of in-
terfaces between magnetic layers and spacer.
Those may disappear if the size of such inho-
mogeneity becomes comparable with the pe-
riod value or exceeds it [3, 5]. So we can
conclude that in the case of iron-silicide for-
mation, the interface between iron layer and
spacer becomes very inhomogeneous.

The iron silicide formation was confirmed
also indirectly by AES studies (Fig. 3). It was
shown that oxygen is present over the
whole depth of the Fe/Au/Tb structure (Fig.
3(a—c)), possibly due to oxidation in air.
When approaching the substrate, the oxy-
gen signal disappears, indicating complete
removal of metallic layers. But neverthe-
less, the iron signal is still visible in AES
spectra (Fig. 3(d)). This can indicate exist-
ence of layer being a certain iron-Si com-
pound. But unfortunately, Auger studies
were unable to clear up the influence of
ultrathin gold buffer layer on the processes
of silicide formation, possibly due to insuf-
ficient sensitivity of the method and also to
coincidence of Au signal with the low-en-
ergy signal for Tb.

The buffer layer influence was clarified
when a copper layer was used. Fig. 4 pre-
sents the results of AES studies of trilayer
Fe/Cu/Tb film structure with copper buffer
layer are presented. Copper signal is clearly
observable. It is interesting that, in spite of
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Fig. 4. AES spectra of Fe/Cu/Tb film struec-
tures with Cu buffer layer on Si substrate.

existence of 10 A copper buffer layer, it is
impossible to protect completely iron layer
against interaction with Si substrate. As is
seen from AES spectra at the final stages of
film structure etching (Fig. 4(e)) when the
copper buffer layer is removed, iron peaks
are still present. According to the last lit-
erature data [6-8], in order to suppress
completely the silicide formation, it is nec-
essary to cover Si substrate with at least 8
or 9 monolayers of copper.

In conclusion, it has been shown that
when iron film is deposited directly on Si
substrate, an iron silicide close to Fe3Si is
formed. The iron silicide formation causes
suppression of short-period oscillations of
exchange coupling. Introduction of ul-
trathin NM buffer layer into Si/Fe inter-
face suppresses formation of Fe silicide that
results in significant change of exchange cou-
pling character between Fe and Tb layers.
This is manifested by appearance of short-pe-
riod oscillations of Of for film samples with
the buffer layer. Buffer layer thickness val-
ues used in investigated film structures are
nevertheless insufficient for complete sup-
pression of iron-silicide formation.
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Bnaue Si migkaaagku Ta AKOCTI MOBepxHi po3miay
Ha OOMIiHHiI B3a€EMOJii B YJIbTPATOHKHUX CTPYKTypax
Fe/NM/Tb

€.A.Ilozopenos, B.M.Adeee, B.I1.Bondap

Hocaimeno Tpumaposi miriekosi crpykrypu Fe (8 A)/NM/Tb(lZ A) (NM = Au, Cu), Bu-
TOTOBJIEHI HAa KpeMHIi€BINl MiAKJAAINI METOJOM eJeKTPOHHO-TIPOMEHEBOTO HANWJIOBAHHA B
HA/[BICOKOBAKYYMHIi# cumeTemi mpu Tucky sanmmioBux rasis ~1072 Top. CrpyxTypy 3paskis
JOCJLIMKYBaJIM METOLAMI pPeHTreHiBcbkol maudpaxrTomerpil ra Oxe-cmexrpockormrii. Marairui
BJACTUBOCTI ILIiBOK HOCIiI:KyBajam 3a HOIOMOIrOI0 TPALHIIIIIHOIO IOJAPHOrO0 MATHITOOIITHY-
noro edexry Keppa. Penrreniseski mocaigykenus moxasaniu, 110 Ha moBepxui posginy Si/Fe
YTBOPIOEThCA CHIINNS 3aiisa, OMuM3BEUE 3a cTpykTypow 1o Fe;Si. 8rizmo s gmammmu marmi-
TOONITUYHUX AOCIIIKEHDb, YTBOPeHHA Fe-cuminuay npusBoguTh A0 SHUKHEHHA KOPOTKOIEpio-
OIUYHUX OCIUAALiN oOminHol B3aemoxii misk mapamu Fe ta Tb. daa sanobiranas yTBOPEHHIO
curinuay Ha HiAKJIAIKH IIONepPeSHLO HaHocuau Oydepuuit map Au (3 A) ado Cu (10 A). ITe
IPUSBEJIO J0 IIOABU KOpoTkolepiommuHmx ocuumidiiii. IIpore, ariguo mamux OMe-cnexkTpo-
ckolrii, Takoi ToBmmHM OydepHMX IIapiB BCe Il€é HEIOCTATHBO IJs IIOBHOIO 3amobiramHsa
B3aeMOIil KpeMHi0 Ta 3aisa.
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