Vol. 127 (2015)

ACTA PHYSICA POLONICA A

No. 2

Proceedings of the European Conference Physics of Magnetism, Poznan 2014

Growth and Structural Characterisation of V/Fe Multilayers

A. MARCZYNSKA, J. SKORYNA, B. SZYMANSKI* AND [.. SMARDZ
Institute of Molecular Physics, Polish Academy of Sciences, M. Smoluchowskiego 17, 60-179 Poznari, Poland

The (110) oriented V/Fe multilayers were prepared at room temperature using UHV magnetron sputtering.
As a substrate we have used Si(100) wafers with an oxidised surface. The surface chemical composition and the
cleanness of all layers was checked in situ, immediately after deposition, transferring the samples to an UHV
analysis chamber equipped with X-ray photoelectron spectroscopy. The structure of the multilayers has been
studied ez situ by low- and high-angle X-ray diffraction. The modulation wavelength was determined from the
spacing between satellite peaks in the X-ray diffraction patterns. Results were consistent with the values obtained
from total thickness divided by the number of repetitions. Growth of the Fe (V) on 1.6 nm V (Fe) underlayer was
studied by succesive deposition and X-ray photoelectron spectroscopy measurements starting from 0.2 nm of Fe
(V) layer, respectively. From the exponential variation of the X-ray photoelectron spectroscopy Fe 2p and V 2p
integral intensities with increasing layer thickness we conclude that the Fe and V sublayers grow homogeneously

in the planar mode.
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1. Introduction

Metallic multilayers (MLs) composed of alternating
sublayers of ferromagnetic and non-magnetic metals has
attracted great interest over the past years because of the
successful application of these materials as ultrasensitive
hard disc reading heads and magnetic sensors [1, 2]. Fur-
thermore, V(001)/Fe(001) MLs were used very recently
as a model system to study finite size effect [3]. However,
for such MLs only “long period” (0.8-1.0 nm) of antifer-
romagnetic (AFM) interlayer coupling was found [4, 5].
The first peak of AFM coupling was observed for vana-
dium layer thickness between 2 [4] and 2.2 nm [5] instead
expected dy = 1.2 nm. The above behaviour was ex-
plained by magnetic polarisation of V atoms near V-Fe
and Fe-V interfaces. On the other hand, for nearly per-
fect Fe(100) substrates and high quality Fe/Cr interfaces,
“short period” AFM coupling between Fe(100) films sep-
arated by Cr was observed [6]. Imperfect interfaces, how-
ever, can suppress the short period coupling between Fe
layers [6].

In general, the magnetic properties of MLs can be
tailored by varying the composition, thickness and mi-
crostructure of the magnetic and non-magnetic sublayers.
The strength and sign of the interlayer exchange coupling
could be tuned by alloying the spacer with nonmagnetic
elements [7] or using hydrogen [8, 9]. In the later case
it could be changed not only by electronic structure but
also by thickness of the spacer.

For the (001) oriented V/Fe MLs, there is extensive
literature on the growth and structural characterisa-
tion [4, 5, 7-9]. Much less work has focused on prepara-
tion and characterisation of (110) oriented V/Fe MLs.
In this paper we report on growth and structure of
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V(110)/Fe(110) MLs using in situ X-ray photoelectron
spectroscopy (XPS) and ez situ standard 6 — 20 X-ray
diffraction (XRD), respectively.

2. Experimental details

The V/Fe multilayers were prepared at room temper-
ature (RT) using computer-controlled ultra high vacuum
(UHV) magnetron sputtering [10]. The number of rep-
etitions of the base period was equal to 25. A capping
layer of 5 nm Pd was used to allow a fast uptake and re-
lease of hydrogen at a temperature of less than 370 K and
to avoid oxidation of the MLs. As a substrate we have
used Si(100) wafers with an oxidised surface to prevent a
silicide formation [11]. Therefore we have applied a spe-
cial heat treatment in UHV before deposition in order to
obtain an epitaxial SiOy surface layer [11, 12]. The Fe-
layers (0 < dpe < 11 nm) were deposited using a DC
source. For preparation of the V-layers (0 < d, < 11 nm)
an RF source was used. In the case of V/Fe MLs a
1.6 nm V buffer layer was first deposited to enhance the
(110) growth.

The chemical composition and the cleanness of all lay-
ers were checked in situ, immediately after deposition,
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Fig. 1. XPS (Al K, ) core-level spectrum of freshly de-

posited 2 nm Fe layer on 1.6 nm thick vanadium.
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transferring the samples to an UHV analysis chamber
equipped with XPS, Auger electron spectroscopy (AES)
and ion gun etching system. The XPS core level spectra
were measured with Al K, radiation at 1486.6 eV at RT
using a SPECS EA 10 PLUS energy spectrometer. De-
tails of the XPS measurements can be found in Ref. [13].

The morphology and roughness of the Pd capping
layers were studied ez situ by atomic force microscopy
(AFM). The structure of the V/Fe MLs was examined
ex situ by standard 6 — 260 XRD with Cu K, radia-
tion. The modulation wavelength was determined from
the spacing between satellite peaks in the high- and low-
angle X-ray diffraction patterns. The thicknesses of in-
dividual Fe and V sublayers were also determined using
X-ray fluorescence analysis (XRF).

3. Results and discussion

The chemical composition and the cleanness of all lay-
ers were revealed in situ, immediately after deposition,
by XPS. In Fig. 1 we show XPS spectrum of 1 nm Fe
overlayer deposited on 1.6 nm V underlayer. As can be
observed in Fig. 1, practically no XPS signals were ob-
served from O 1s or C 1s and any other potential con-
taminations.

In the XPS experiment we have also studied the Fe
layer growth on a 1.6 nm V underlayer. The freshly de-
posited 1.6 nm V/dy Fe bilayer was in situ transferred
from the preparation chamber (5 x 107!° mbar) to the
analysis chamber(5 x 107! mbar), where the XPS Fe 2p
and V 2p core level spectra were immediately measured
in vacuum of 8 x 101! mbar. Then the bilayer was trans-
ferred back to the preparation chamber and the deposi-
tion process of the Fe overlayer was continued. The above
procedure (overlayer deposition and XPS core level mea-
surements) was repeated until the Fe 2p3/; and V 2ps3 /5
integral intensities were saturated. Practically no trace
of oxygen (or any other contaminations) adsorption or
surface oxide formation was detected during the transfer
operation or XPS measurements (=10 min).

In Fig. 2 we show XPS core-level spectra measured for
Fe 2ps3/5 and Fe 2p, /» (Fig. 2a), and V 2p3/, and V 2p, /5
(Fig. 2b) peaks for the 1 nm Fe layer deposited on 1.6 nm
vanadium underlayer. The positions and the exchange
splitting between 2p3,, and 2p;,, peaks are practically
the same compared to those measured for bulk materials.

According to the XPS theory [14] the XPS integral
intensities for intense 2p3/, peaks of the top Fe (o)
and bottom V (I;) layer for the planar growth are de-
scribed by

Iy = Ig° (1 - e_dU/L) , I, =I%eb/L (1)

where dy and L denote the overlayer thickness and escape
depth of the excited photoelectrons, respectively. After
transformations of Eqs. (1), the ideal planar growth of
a bilayer system with perfectly sharp interface is repre-
sented by a linear equation

hl[(Is +IO) /Is] :dO/L~ (2)
The perfectly planar growth of the model bilayer sys-
tem [14] is represented by the bold solid line in Fig. 3.

1200
Fe-2
1nm-Fe on 1.6-nm-V Pz
1000
800
]
E 600
400
200
0
725 720 7156 710 705
1nm-Fe on 1.6-nm-V V-2p,,
(b)
1500
el
g
:1000
V-2p,,
500
0 :
522 520 518 516 514 512 510
EB (eV)
Fig. 2. XPS (Al K,) spectrum of Fe 2p (a) and

V 2p peaks measured for in-situ freshly prepared 1 nm
Fe layer on 1.6 nm vanadium.
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Fig. 3. In((Is+1o)/Is) as a function of dy/L (see text).

Solid line denotes theoretical (without interface mixing)
planar growth of the overlayer [14]. Thin broken lines
(open circles connected with broken line) represent lin-
ear fit to the experimental data.

Our experimental results (open circles) can be also fit-
ted by linear regressions (see Fig. 3) but only up to
Fe layer thickness of about 5 nm, which reveals pla-
nar growth (solid line in Fig. 3). For the calculation
of the dy/L ratio we have taken escape depth values of
Lpe 9p = 1.15 nm and Ly 2, = 1.3 nm [14]. The reason
for the significantly lower slope of the experimental data
shown in Fig. 2 above Fe layer thickness greater than
5 nm is the island growth during the deposition pro-
cess [14-16]. We have observed very similar behaviour
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during V growth on 1.6 nm Fe underlayer. From the ex-
ponential variation of the XPS Fe 2p and V 2p integral
intensities with increasing overlayer Fe (V) thickness up
to 5 nm we conclude that the Fe and V sublayers grow
homogeneously in the planar mode [14]. We have previ-
ously observed very similar growth mode for Fe/Ti [15]
and Fe/Zr [16] bilayers.
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Fig. 4. High-angle 6 — 20 XRD (Cu K.) pattern for
the 1 nm V/0.6 nm Fe multilayer.

The structural quality of the multilayers was character-
ized by high- and low-angle XRD. Figure 4 presents high-
angle diffraction data taken from multilayered sample of
1 nm V/0.6 nm Fe having 25 bilayer periods. The spec-
trum shows only diffraction peaks associated with the
(110) bec iron and (110) bee vanadium planes reveal-
ing strong preferential growth in direction perpendicular
to the substrate. For all the samples we have observed
central Bragg peak (CBP) located between positions ex-
pected for reflections of bee Fe(110) and bee V(110) and
at least two satellites for the MLs with the thinner sub-
layers (see Fig. 4). The fitted roughness from the low-
angle data was about 0.3-0.4 nm, which is in agreement
with AFM measurements [17]. The modulation of com-
position of the V/Fe MLs was also confirmed in the low-
angle XRD patterns by intense satellite peaks. The wave-
lengths of modulation calculated from the high- and low-
angle satellite peaks were in good agreement with those
values determined from XRF.

In conclusion, the planar growth of the Fe and V
sublayers was confirmed in situ by XPS measurements.
The arifical superstructure and prefered (110) orientation
were revealed by XRD experiment.
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