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Growth modes of vanadium and iron on V(110) single crystals
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Abstract

In this paper we present investigations on the growth of the bcc structured metals vanadium and iron on V(110) single crystals
in the thickness range 0–20 Å. For the analysis we used low energy electron diffraction (LEED) and Auger electron spectroscopy
(AES). The growth was performed by molecular beam epitaxy (MBE) at 320 K and 570 K for vanadium and at 320 K and 470 K
for iron. For both materials we observe a strong change in the growth modes from 320 K to 470 K and 570 K, respectively. For
vanadium we observe well-ordered surfaces at T=320 K for tV>10 Å with a different island size of 89 Å and 50 Å in the [001] and
[11:0] direction, respectively. For T=570 K a change of the growth mode is observed, represented by a quasi-periodic sequence of
up and down staircases in the [11:0] direction with inclinations of 50° with respect to the film plane and the ridges orientated along
the [001] direction. For iron we find a quasi-Frank–van der Merwe growth at 320 K with an anisotropic island size for the [001]
and [11:0] direction, with larger values by a factor of 1.5–2.0 in the [001] direction. The island size is smaller than that for V on
V(110) in the whole thickness range and we observe a minimum of island size at tFe=4 Å. At T=470 K, the growth also changes
to a faceted growth mode, with the facets in the same orientation as for vanadium, but with an inclination of ±40° with respect to
the film plane. © 1998 Elsevier Science B.V. All rights reserved.

Keywords: Auger electron spectroscopy; Epitaxy; Iron; Low energy electron diffraction (LEED); Magnetic films; Single crystal
surfaces; Surface structure; Vanadium

1. Introduction preceding the study of the thin film magnetism
itself. This includes the growth of the magnetic

It is well known that the surface and interfaces film, as well as its non-magnetic neighbour.
of magnetic thin films play a fundamental role in In this article we want to focus on the growth
explaining the observed behaviour of properties of iron and vanadium on V(110) single crystals.
like magnetization, magnetic anisotropy or cou- Concerning the growth of thin films, these systems
pling between two magnetic films through a non- are not very well studied, although it might be of
magnetic spacer layer. Furthermore, both experi- interest in comparison to the very well known
mental [1–5] and theoretical [6–8] contributions growth of Fe on W(110) [9–11] as both vanadium
emphasize the importance of the surface (interface) and tungsten have a larger lattice constant than
topology to these properties. According to this, iron (Fe: 2.87 Å; V: 3.02 Å; W: 3.16 Å) with the
growth studies seem to be a compulsory topic same crystalline structure (bcc) for all metals. In

contrast to vanadium, W has a much higher free
surface enthalpy than Fe (Fe: 2.939 J/m2; V:* Corresponding author. Fax: +49 30 8062 2523;

e-mail: nawrath@hmi.de 2.876 J/m2; W: 3.468 J/m2 [12]). According to the
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arguments of Bauer and van der Merwe [13,14], surface, the crystal must be annealed at a temper-
ature of 1200 K for 20 min. However, this annea-the interplay between the lattice constant and the

free surface enthalpy gives rise to the growth mode ling process leads again to a surface contamination.
Therefore, the sputter annealing cycle must beof the particular system. For W/Fe the larger free

surface enthalpy of W can explain the pseudomor- repeated for approximately 120 h to get a smooth
and clean V(110) surface. Similar cleaning pro-phic growth of Fe within the first two monolayers

[9,10]. As the free surface enthalpy of vanadium cedures for vanadium are also described in Refs.
[26–28]. After this initial cleaning procedure ofis slightly smaller than that of Fe, it is probable

that the growth differs from the W/Fe system. A the surface, new experiments could be performed
after an entire cleaning time of 12 h.closer comparison between these two systems could

give some further hints on the importance of lattice All measurements were performed under UHV
conditions with a base pressure less thanmismatch to the growth modes for metallic

systems. 10−10 mbar and a pressure during evaporation less
than 2×10−10 mbar. The vanadium and iron filmsConcerning its magnetic behaviour, the

interlayer coupling of Fe in Fe/V multilayers [15– were prepared by an electron beam evaporator at
a rate of 0.07 Å/s. All films as well as the annealed17] became an important subject of comparison

to the very prominent and strongly RKKY coupled crystal were checked for surface contaminations
with AES. The detection limit of this method isFe/Cr multilayers [18–20].

Further on, the predicted and partly measured 2% of a monolayer for Auger transitions that have
no overlap with transitions of the film or theantiferromagnetic polarization of vanadium in the

vicinity of the Fe(110) interface [21,22] (for the substrate. For oxygen the main transition ( KLL)
at 514 eV is relatively close to that of the V-LMM(100) surface see also Refs. [23,24]) is of interest

for basic research programs. Here, vanadium is of transition at 509 eV. However, as the transition
probability of the V-LMM peak is small, oxygenparticular interest as it is an ideal substrate for the

newly developed field of in situ magnetization contaminations can be detected at a modulation
amplitude of the Auger analyser of 2 eV due to anmeasurements of ultrathin films with polarized

neutrons (in situ PNR) [25]. energy shift and an increase of the V-LMM peak.
The sensitivity for oxygen contaminations is about
5%. For all experiments presented in this article,
the surface contaminations were beyond the detec-2. Experimental
tion limit of the Auger spectroscope.

The thickness of the films was monitored by aAll samples were evaporated on a vanadium
(110) single crystal, which had dimensions of quartz balance which had been calibrated by meas-

urements and simulations of the X-ray reflectivity30×12 mm2 and was orientated with an accuracy
of 0.25° with respect to the surface normal. It ( low angle X-ray diffraction) of thicker films (e.g.

V(110)/10 Å V/6 Å Fe/300 Å Cr). From these sim-could be heated by a graphite layer embedded in
boron nitride, which was positioned behind the ulations, which treat the interface reflectivity as

known from optics, described by the Fresnelsingle crystal, up to a temperature of 1400 K. The
sample temperature was measured with a reflectivity that is multiplied by a Debye–Waller

factor for the interfacial roughness [29–31], thechromel/alumel thermocouple, which was in direct
contact with the sample holder. mean square surface roughness of the interfaces

can be deduced, too. From this a typical value forTo clean the V single crystal from its impurities,
mainly sulphur, carbon and oxygen, repeated the roughness of the V/Fe and Fe/Cr interfaces

was 3 Å.cycles of sputtering with a 400 eV argon beam and
annealing at 1200 K were performed. To clean the To perform our measurements in dependence on

the thickness, the films were evaporated as wedgessurface, 2 min sputtering at a beam current of
10 mA was sufficient, as could be verified by AES. on the single crystal. The data presented later in

Figs. 3 and 6–8 were obtained from wedges withIn order to recrystallize and smooth the crystal
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an inclination of 0.6 Å/mm, whereas the data of the nth layer is completely filled, the Auger inten-
sity at a non-integer layer thickness r, withFigs. 9 and 10 were acquired from wedges with an

inclination of 1 Å/mm. n<r<n+1, is given by a linear superposition of
the integer intensities, leading to kinks in an AugerFor the characterization of the films, a CMA

Auger electron spectroscope and a rear view LEED intensity versus film thickness plot. However, this
behaviour is not fulfilled in many systems.system were applied with a spot size of the electron

beam of 100 mm and 400 mm, respectively. As an example, where STM and AES studies
show a contrasting behaviour concerning theTherefore the data acquired from the wedges are

averaged over a thickness Dt of 0.06 Å (0.1 Å) for observation of Auger kinks and Frank–van der
Merwe growth, we want to discuss the growth ofthe LEED and 0.24 Å (0.4 Å) for the AES meas-

urements. For a quantitative analysis of the LEED Fe on W(110). It is well known that Fe grows
pseudomorphically on W in the first monolayerpatterns, a digitalizing CCD camera was used with

a resolution of 512×512 pixels and a dynamic of with an almost full completion of the layer, before
the second layer starts to grow [11]. From theeight bits.

All measurements were performed directly after second to the third layer there is a more continuous
transition, as the nucleation of the third monolayerevaporation. The total data acquisition time was

about 15 min for the LEED and 1 h for the Auger starts when the second monolayer is not yet com-
pletely filled. From this one should expect anmeasurements. During this time no change of the

films could be detected. Auger kink after the completion of the first pseudo-
morphic monolayer, but not necessarily after the
second one. In contrast to that the only (and very
clear) Auger kink occurs at an Fe coverage which3. Data evaluation
corresponds to two pseudomorphic monolayers
[9,32]. Therefore two points can be concluded.As mentioned above, the AES was used to prove

the cleanliness of the crystal. In addition it can be (1) Auger kinks are not a clear sign for the
completion of an atomic layer. A change inapplied to characterize the growth mode of a film,

by studying the decrease (increase) of substrate the growth mode can also lead to kinks.
(2) Even if the model of a layer by layer coverage(film) Auger transition intensities as a function of

film thickness. If one assumes Frank–van der of the substrate is almost completely fulfilled,
as for Fe on W(110) in the first two mono-Merwe growth ( layer by layer), these intensities

can be described in the following way for each layers, this does not necessarily lead to the
observation of Auger kinks.integer of evaporated atomic layers.

The substrate intensity is given by: Hence we want to speak of quasi-Frank–van der
Merwe growth, if there is no observation of kinks,

IS e−t/l
1
cos h (1)

but the averaged increase (decrease) of the Auger
intensities is comparable to that of Frank–van derand the film intensity by:
Merwe growth.

IF(1−e−t/l
2
cos h) (2)

In this article the different growth modes of Fe
and V on V(110) were studied according towhere IS and IF are the Auger intensities of the

pure substrate and film, respectively, t represents Eqs. (1) and (2). Other growth modes such as
Stranski–Krastanov, Vollmer–Weber or a growththe thickness of the film, and h the angle of

emission of the Auger electrons with respect to the mode that leads to a faceted surface have a larger
deviation of the mean film thickness. Due to thesurface normal. A cylindrical mirror analyser

(CMA) detects only electrons with h=42°. The exponential decay in Eqs. (1) and (2), such a local
variation of the thickness results in a smallermean free path l

i
of the Auger electrons is a

function of the particular Auger energies. decrease of the substrate intensity as well as a
smaller increase of the film intensity.For an ideal Frank–van der Merwe growth,

where atoms at the (n+1)th layer occur only when The Auger data were evaluated from the Auger
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intensities of the Fe-L3M45M45 (703 eV ) and the
V-L3M23M45 (473 eV ) transitions to characterize
the growth mode. For these two electron energies
the mean free paths are 14.3 Å and 11.8 Å, respec-
tively [33].

For structural studies we also refer to the LEED
measurements, as all the films presented here grew
in single crystalline modes.

We also want to discuss briefly two LEED
structures arising from two different types of
growth. The first one is a surface with islands (or
nucleation centres) of a certain size on it. This
leads to an energy independent broadening of the
diffraction spots, whereas the width of the spots
increases with decreasing island size. The impor-
tant observables are indicated in Fig. 1a, where
the diffraction patterns of the clean vanadium
(110) surface are shown. One can see the {10}
LEED spots together with the in-plane reciprocal
lattice vectors K

11:
=2p/d

11:0
and K

11
=2p/d

001
. The

length d
11:0

=E2a/2 and d
001

=a/2 are the distances
of the atomic rows in the particular lattice direc-
tions with the vanadium lattice parameter a. One
can also define the full-width at half-maximum
(FWHM) DK11 and DK

11:
of the LEED spots in

the specific crystal directions, as also denoted
in Fig. 1.

From K
ij

and DK
ij

the number of atoms per
island N

hkl
can be determined as [34]:

N
11:0

=
K
11:

DK
11:

(3a)

Fig. 1. LEED pattern at E=70 eV of: (a) the pure V(110) crys-
tal; (b) 10 Å vanadium evaporated on V(110) at T=320 K.N

001
=

K
11

DK
11

(3b)
The orientation of the crystal relative to the pattern is indicated
at the right side of the figure. The intensity profiles are drawn
along the indicated lines in the LEED pattern.The island size can easily be evaluated:

l
hkl
=N

hkl
d
hkl

(4)
of adjacent atomic rows). In this case the diffrac-
tion pattern consists of the ordinary in-phaseWe also want to mention that the value of K/DK

can generally be interpreted as the number of diffraction spots together with satellites that
change their reciprocal distance to the central spikecorrelated atomic rows in a particular direction,

which is equivalent to the island size in the model proportional to DK
z
=K

z
−K

z in-phase. K
z in-phase

represents the K
z

value of the particular in-phasepresented here.
The other type of growth is that of a faceted condition (K

z
d
z
=2pn), as plotted in Fig. 2. K

z
is

the z-component of the scattering vectorsurface, as indicated in Fig. 2, consisting of up and
down staircases in one specific crystal direction K=kf−ki, with ki and kf as the initial and final

electron wave vector, given by the electron mass(here the [11:0] direction with d
11:0

as the spacing
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Fig. 2. (a) The reciprocal lattice of a faceted surface as sketched in (b).

well-known diffraction pattern of a grating withme and the energy E as B|k
i, f

|=E2meE, respec-
(H+1) slits:tively. The angle a as indicated in the reciprocal

pattern (Fig. 2) corresponds to the angle of inclina-
I
0
(K
z
)/I

00
=sin2 [K

z
d
z
(H+1)/2]/sin2(K

z
d
z
/2) (5)tion of the staircases in real space [35,36].

For a periodic structure as shown in Fig. 2, the
intensity dependence of the central spike I0(Kz

)
can also be calculated in a kinematic model for 4. Results
the first atomic layer. With Hd

z
as the height of

the facets and each terrace at levels md
z

(m=0, 4.1. Growth of vanadium at 320 K
1, …, H ), the intensity I0 is given by: I

0
/I
00
=

|S h
m

exp(ik
z
md

z
)|2 , where the factor h

m
is the We first want to present the results of vanadium

grown on V(110), which is also used as a substrateportion of each terrace compared to the whole
surface (with h

m
$1/(H+1)) and I00 is the intensity for the Fe wedges presented in Sections 4.3 and

4.4. We had to rely only on our LEED measure-of the ideal flat surface. From this one obtains the
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In Fig. 1b a LEED picture of a 10 Å thick V
film (no wedge sample) grown at T=320 K is
shown, also with the profiles of the {10} spots.
Here an anisotropy in DK can be seen, which leads
to an anisotropic island size according to Eqs. (3a),
(3b) and (4). From that we get the number of
atomic rows N in the [001] and [11:0] direction
with 49.3±4.9 and 23.8±2.7 atomic rows, which
corresponds to an island size of 74.7±7.4 Å and
50.8±5.7 Å, respectively.

In Fig. 3 the island size for the [001] and [11:0]
direction is plotted versus the thickness of the
vanadium evaporated at 320 K. These data were
taken from wedges as described in Section 2. OneFig. 3. Island size of vanadium prepared at 320 K on V(110)

in dependence on the evaporated vanadium thickness tV. The can clearly see the different behaviour for the two
island size in the [11:0] (solid circles) and [001] direction (open crystalline directions. For tV=0 Å the island size
squares) is plotted. is larger in the [11:0] direction. That changes in

the thickness range tV=0–7 Å. For tV>10 Å a
ments as AES is not suitable for homoepitaxial saturation value for the island size of 89±8 Å in
growth. the [001] direction and 50±6 Å in the [11:0] direc-

Fig. 1a shows the LEED pattern of the pure tion is observed.
vanadium crystal at an energy of 70 eV. One can
see the {10} spots, as indicated in the picture. The
orientation of the substrate is indicated by two 4.2. Growth of vanadium at 570 K
arrows for the [11:0] and [001] direction. The two
profiles of the spots along these directions are also When increasing the evaporation temperature

to 570 K, the shape of the LEED patterns changesshown. It can be seen that DK is approximately
the same in both crystalline directions. Fig. 1a can entirely. This is shown in Fig. 4, where the LEED

pictures of a 50 Å thick V film on V(110) arealso be seen as proof of the absence of oxygen on
the surface, as this results in a (6×2) superstruc- shown with electron energies of 56, 68, and 76 eV.

At an energy of 68 eV the {10} peaks are alsoture [28].

Fig. 4. LEED patterns of a 50 Å vanadium grown on V(110) at electron energies E=56, 68, and 76 eV. The evaporation temperature
was 570 K. E=68 eV corresponds to the in-phase condition of the {10} spots.
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Fig. 6. The Fe and V Auger intensities of Fe prepared on
V(110)/10 Å V at 320 K versus the iron thickness tFe. The lines
are fits as mentioned in the text.Fig. 5. Position of the {10} spot satellites in reciprocal space of

50 Å V on V(110) at 570 K. The angle a=50±2° corresponds
to the inclination of the facets with respect to the film plane.

In Fig. 6 the Auger intensities of the
Fe-L3M45M45 (703 eV ) edge and V-L3M23M45
(473 eV ) edge are presented. The Fe intensity IFe,elliptically shaped with the longer side in the

[11:0] direction. However, if the electron energy is represented by up triangles, shows an increase due
to the increasing Fe thickness tFe, whereas the Vincreased up to 76 eV (Fig. 4c), one can see an

energy dependent splitting of the peaks into two intensity IV (down triangles) decreases for the same
reason. Both intensities are normalized to thesatellites. This behaviour is not observed for the

V films grown at 320 K. The observation of such intensity IV0 of the pure vanadium surface. One
can see that the saturation value for the Fe peaka pattern as a function of energy can be explained

by a faceted surface, as discussed in Section 2. The intensity is smaller than that of the V peak of the
uncovered surface (47% in the fit). This is due toup and down staircases are orientated along the

[11:0] direction and the ridges along the [001] the smaller transition probability for the pure iron
peak compared to that of vanadium (IFe/IV=0.52direction. The height of the facets Hd

z
can be

estimated due to the disappearance of the central [37]). Also shown is the intensity ratio (Fe-LMM
intensity/V-LMM intensity), which has a strongspike at energies of 66 eV and 74 eV, according to

Eq. (5), to 20±6 Å. uprise because of the increasing (decreasing) inten-
sities of Fe (V ), respectively. The data are fittedIn Fig. 5 the position of the {10} satellites is

plotted in reciprocal space. A clear analogy to the (straight lines) due to Eqs. (1) and (2), assuming
an electron mean free path of 13.4±1.3 Å for thelinear dependence of the satellites in Fig. 2a can

be observed. Here K
y

corresponds to the [11:0] 703 eV iron Auger electrons and 9.4±1.3 Å for
the 473 eV vanadium Auger electrons.direction. A fit to the data gives an angle a=

50±2°. This is a slightly higher inclination than The LEED patterns for this growth temperature
are presented in Fig. 7 for Fe thicknesses of 6.2 Å,a=45°, which corresponds to alternating (100)

and (010) planes. 10 Å, and 16.5 Å. The cross-sections of the spots
in the [11:0] and [001] directions are also plotted.
It can be seen that DK at tFe=10 Å and 16.5 Å is4.3. Growth of iron on V(110)/10 Å V at 320 K
larger in the [11:0] direction. This indicates a larger
average island size in the [001] than in the [11:0]Iron was grown on V(110) with a cap layer of

10 Å vanadium, also grown at 320 K. The topology direction, as for V on V(110).
In Fig. 8a this island size is plotted versus theof this substrate was described in Section 4.1. All

experiments presented in this section are performed Fe thickness for the [001] direction (down trian-
gles) and for the [11:0] direction (up triangles). Iton wedges.
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Fig. 7. LEED patterns at 70 eV of Fe on V(110)/10 Å V prepared at a growth temperature of 320 K. The spot profiles are also shown.

This collapse to values of 21±2 Å and 9±1 Å for
the [001] and [11:0] directions is much smaller than
the island size of the vanadium surface, which has
typical values of 89 Å (50 Å) along [001] ([11:0])
for 10 Å V on V(110). In the range 6–8 Å the Fe
surface gets more ordered again in both directions,
reaching a maximum value at tFe=12 Å. For
higher tFe values there is a slow decrease in the
island size visible.

It is remarkable that, despite the different island
sizes in the main crystalline directions, their charac-
teristic behaviour with respect to tFe remains the
same in the whole thickness range, i.e. a factor of
1.5–2.0 bigger terrace width in the [001] than in
the [11:0] direction.

In Fig. 8b the peak intensities of the {10} spots
at an energy of 70 eV are plotted versus tFe. The
intensity also rises in the range of 6–8 Å, with a
maximum at about 15 Å. In accordance with the
island size the peak intensity also decreases
above 17 Å.Fig. 8. Fe on V(110)/10 Å V at an evaporation temperature of

320 K. (a) Island size in the [11:0] and [001] directions in depen-
dence on the Fe thickness tFe, in (b) the peak intensity of the 4.4. Growth of iron at 470 K on V(110)/10 Å V
{10} spots at 70 eV is plotted versus tFe. (320 K)

For the investigations on the growth of Fe oncan be seen that in both crystalline directions the
island size decreases in the range from 0 to 3 Å Fe V, a lower temperature was chosen to avoid an

intermixing of Fe and V in the low thickness rangethickness, reaching a minimum at about tFe =4 Å.
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due to diffusion. Again, all experiments described
in this section were performed on wedge samples.

The LEED patterns of iron on V(110)/10 Å
vanadium grown at 470 K are very similar to those
of vanadium on V(110) at 570 K. One can see a
splitting of the LEED spots in the [11:0] direction
in dependence on the electron energy, indicating
facets with the same orientation as for the V films
grown at 570 K.

In Fig. 9 the splitting of the {10} spots for a
30 Å thick Fe film on V(110) is illustrated, where
the position of the satellites is plotted in reciprocal
space. As the angle a is 40±2°, one does not get

Fig. 10. Dependence of the Auger intensities of Fe and V onexactly repeated (001) and (010) surfaces in the
tFe at an evaporation temperature of 470 K. The lines are guides[11:0] direction. Here the height Hd

z
of the facets

to the eye.can be estimated as 22±6 Å in the same way as
described in Section 4.2.

The Auger intensities of the V- and Fe-LMM This indicates a larger deviation from the averaged
peaks show a different behaviour compared to the iron thickness for the growth at 470 K compared
growth at 320 K (Fig. 10). The increase (decrease) to the growth at 320 K.
of the Fe-L3M45M45 (V-L3M23M45) peak as a
function of tFe is slower than for the growth
at 320 K. As a consequence, the ratio of 5. Discussion
Fe-L3M45M45 to V-L3M23M45 also has a much
smaller increase (the lines are guides to the eye). First we want to discuss the growth on V(110)

at 320 K. There is a similar behaviour of the Fe
and V films concerning the anisotropic island size,
as for both systems the island size is much bigger
in the [001] direction than in the [11:0] direction.
This can be seen impressively for the growth of
vanadium on V where the system starts at an
island size of 55±5 Å and 63±6 Å for the [001]
and [11:0] direction, respectively. Above tV=10 Å
the system reaches its saturation values of 89±8 Å
and 50±6 Å in the different crystalline directions.
The island sizes which were obtained from a V
film with tV=10 Å are in accordance with the data
of the wedge sample within the error limits. The
ratio between the island size in the [11:0] and [001]
direction is approximately the same for the V/V
(1.8) and the V/Fe system (1.5–2.0).

A point of consideration is whether the anisot-
ropy of the 10 Å V surface predetermines the
observed anisotropy of the Fe islands. Keeping in

Fig. 9. Reciprocal position of the {10} spot satellites of a 30 Å
mind that the island size of the substrate is aboutthick Fe film grown at 470 K on V(110)/10 Å V. The angle a=
four times larger in both directions in the thickness40±2° corresponds to the inclination of the facets with respect

to the film plane. range up to tFe=5 Å, an influence of the substrate
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structure on the film structure can be excluded. with a and b the lattice constants of the substrate
and the film, respectively. In the LEED patternsFor larger Fe thickness the island size of the film
this results in satellites around the {10} spots thatincreases, but due to the Auger data the V surface
have an energy independent reciprocal distance ofis completely covered, so that there is no inter-
g
11:
=K

11:
(b/p) parallel to the [11:0] direction andaction between the Fe atoms on the surface and

g
11
=K

11
(b/p) for the [001] direction. For Fe on Vthe V edges.

one gets p/b=20.1, from which it can be concludedThe collapse of the Fe island size is only
that the resolution of the CCD camera is not theobserved for the V(110)/Fe system and not for the
limiting factor for the observation of these satel-V(110)/V system. That underlines the special
lites. To observe this superstructure, which looksbehaviour of the Fe epitaxy on V. A reason for
similar to a broad diffraction pattern of a (110)this behaviour could be a hindered island coalesc-
surface, a further condition for the FWHM of theence due to the lattice mismatch of V and Fe, as
{10} spots has to be fulfilled, i.e. the relative widthalso discussed for Fe on W(110) [11,38]. The
of the spots has to be smaller than the relativeresult of this mismatch is that an Fe island that is
distance b/p of the satellites:more or less pseudomorphic will always have a

partly relaxed lattice at the edges, where the Fe
atoms are shifted towards the centre. For further DK

K
<

b

p
(7)

Fe atoms the profit in energy will therefore
decrease with increasing island size, as the misfit
of the outer Fe atoms increases. This can lead to This condition is clearly fulfilled for the
a situation where the formation of many small V(110)/10 Å substrate in the [001] direction, but

only scarcely along the [11:0] direction. Assumingislands is energetically more advantageous than
periodic lattice distortions for Fe on V in thethe formation of a few big ones. As the free surface
thickness range up to 5 Å, the satellites should beenthalpy of vanadium is small, this formation
observable at least as lines parallel to the [11:0]could occur at a relatively small island size, which
direction. Further on, the observed spots for Fecauses this rather uncorrelated structure up to
on V(110) are broader in the [11:0] direction fortFe=5 Å.
the whole thickness range. In contradiction to this,In order to decide whether there is pseudomor-
even a satellite pattern that is smeared out in bothphic growth in this thickness range, a direct meas-
directions would lead to rhomboid shaped {10}urement of the Fe lattice constant had to be
spots that are broader by a factor of E2 in theperformed, which is not feasible as the FWHM of
[001] direction. From this we exclude a growththe LEED spots is too big to give a precise value
with periodic lattice distortions.for the lattice constant. Here a limit for diffraction

The {10} peak intensity in Fig. 8b shows amethods is reached, which could only be overcome
parallel behaviour to the island size for higherby real space studies, as e.g. STM (scanning tunnel
values in tFe (Fig. 8a). This can be explained bymicroscopy).
the FWHM of the LEED peaks being inverselyIn this context we want to discuss an alternative
proportional to the island size and the peak inten-growth model, which also occurs in some cases,
sity multiplied by the FWHM of the peaks beingwhen the evaporated film has to equalize the lattice
proportional to the number of coherent scatteringmismatch of the substrate. This growth has been
atoms. Therefore the peak intensity increases inobserved e.g. for Fe on W(110) [9,11], where the
proportion to the island size, when the layer islattice mismatch results in periodic lattice distor-
thick enough so that the number of scatteringtions which is characterized by a Vernier period
atoms remains unchanged with increasing layer
thickness.

There can be two reasons for the low intensityp=
ab

a−b
(6)

of the {10} spots at smaller Fe thicknesses. First
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there is the small island size as discussed above; a general phenomenon of (110) orientated metallic
second reason may be a change in the scattering bcc surfaces. It has also been observed for W on
phase between Fe and V. W [39], Fe on W [35], Fe on Cr [3,36 ], and Cr

From AES we get information about the cover- on W [40]. To our knowledge it is observed for
age of the V(110) surface. From the fits to the vanadium and iron on V(110) for the first time.
data we get a mean free path of 13.7±1.3 Å for A comparison of the Auger data taken at 320 K
the Fe-L3M45M45 and 9.4±1.3 Å for the and 470 K shows that there must exist regions
V-L3M23M45 transition. The fitted ratio of the with a smaller iron thickness as the averaged
saturated Fe intensity to the intensity of the pure thickness. This is in accordance with the faceting
vanadium surface is 0.47, which is in good of the iron surface.
agreement with the literature data [37]. The fitted This special faceted topology for the iron and
mean free path for the Fe and V transitions is vanadium films grown at 470 K (570 K) could
slightly smaller compared with the empirical curve also hint at an explanation for the results of Tomaz
of Seah and Dench [33], which was derived from et al. [21], where the total magnetic polarization
different elements and a significantly dispersed set of V and the total reduction of the Fe magnetic
of data points. One can also try to compare these moment is measured for V/Fe(110) and V/Fe(100)
data with the AES measurements of other systems, multilayers grown at #500 K. Here the magnetic
e.g. the W/Fe system [9]. Here the experimental moments are identical for both orientations. If one
mean free path is about 3.9 Å (for the Fe low assumes faceted V/Fe interfaces for the (110) sur-
energy Auger transition at 47 eV in a fit up to the face, the surprisingly high V polarization per atom
first four monolayers), which is smaller by a factor for this orientation could be explained. However,
of 1.1 than the value of the empirical curve intro-

in a naive model, a perfect faceting of the (110)
duced in Ref. [33]. For our system the averaged

surface should give a larger total reduction of the
factor is 1.15. From that we can conclude a

total magnetic moment by a factor of E2 thancoverage of the substrate similar to Fe on W(110)
that of a flat (100) surface, as the interface surfacein the first four monolayers. Therefore this growth
increases by the same factor.can be called quasi-Frank–van der Merwe in the

As a conclusion, the crucial point was the pre-sense discussed above. Here the missing Auger
sentation of the V(110)/Fe and V(110)/V epitaxykinks can be explained by the rather disturbed
at different temperatures. We observed a facetingordering for tFe<5 Å, as observed in the LEED
of the surface at higher and a formation of aniso-patterns.
tropic islands at lower temperatures. There is aWe want to mention that this special growth
tendency to an unordered growth for Fe on V atfor tFe<5 Å could also be an explanation for the
320 K, followed by a more ordered surface in theabsence of ferromagnetism for 6 Å Fe films on
regime up to 17 Å. For larger Fe thickness theV(110) at 80 K, observed with polarized neutron
surface becomes rougher again. This behaviourreflectometry [22,25], if one assumes that the films
cannot be seen for V on V, where a saturationare still paramagnetic in this thickness range.
value in the island size is observed in the studiedFor the growth at T=470 K (570 K), both
thickness regime.systems show faceted surfaces with the ridges along

the [001] direction and the staircases in the [11:0]
direction. For both systems a tendency to build
{100} surfaces is clearly visible, as also reported
for Fe/Cr multilayers [2]. For vanadium the angle

Acknowledgementsof the staircases is 50±2°, for iron it is 40±2°.
This faceting can be explained in a model with an

This work was supported by the Verbund-anisotropic sticking probability of atoms at steps,
forschung of BMFT through Grant No. 03-MA4being high on steps with the edges along [11:0] and

low on steps along [001] [35]. It seems to be a HMI-1.
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Phys. 69 (1991) 4544. Bethge, D. Heuer, U. Köhler, Phys. Rev. Lett. 73 (1994)
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