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A combined ultrahigh vacuum scanning tunneling microscopy (STM-UHV) and energy dispersive X-ray
diffractometry/reflectometry (EDXD/EDXR) study of the evolution of face-centered cubic (fcc) Pt layer growth

on MgO(100) by pulsed laser deposition as a function of the process parameters such as deposition temperature
and deposition duration has been carried out. The aim of this study is to define the best experimental conditions
to obtain a controlled film deposition selective on the Pt growth direction (either [111] or [002]). The evolution

of the Pt surface morphology as a function of the deposition temperdigwgefom 300 to 700°C has been

studied with STM and ED techniques. Results show that the Pt surface, characteifag@=a800°C by a

3D island morphology, evolves at higher temperatures to a morphology in which the original islands coexist
with a distribution of orthogonal 2D stripes. The two features can be associated with the [111] and [002] Pt
growth directions of the fcc phase, respectively. Fgg = 700°C, the island morphology of the (111) face
completely disappears, while the merging process of the (002) stripes reaches completion. The evolution of
the morphology aff4e, = 600 °C as a function of the deposition time and thickness has then been studied
with STM-UHV, revealing an initial growth of mosaic-like 3D islands. These independent islands, already
interconnected, expand along two orthogonal directions and, for longer deposition times, lead to the texture
of orthogonal stripes. The EDXR characterization providing the morphological parameters of the films, i.e.,
thickness and roughness, confirms the above observation and quantifies the effect of such morphological
changes on the surface roughness of the Pt film, an important parameter for applications of Pt films as underlayer
in magnetic recording media.

1. Introduction continuity, which was estimated to be approximately 50 nm.
On the other hand, other authors have reported, for the same
system, a decrease of coercivity on passing from the continuous
to the separated islands structure and located the critical
thickness close to 4.2 ndSimilar systems, such as CoPt face-
centered trigonal (001) oriented films, are also widely studied
for high-density magnetic recordifd hey are usually deposited

A big effort has been recently devoted to the study of
nanosized magnetic materials with large magnetic anisotropy,
such as the Ldordered alloys, since such systems can be used
in important technological applications such as high-density
magnetic recording? The nanomagnets can be produced either

artificially by nanolithographic techniques or directly deposited . . .
as nanogranular films. In the case of a direct preparation of the ©" MgO(001) with a platinum underlayer. During the growth,

nanostructured film, the final morphology of the layer is the Pt un(jerla}yer morpholo'gy has to be rigorously controlled,
fundamental in determining the magnetic properties, in particular {0 determine in a reproducible way the microstructure of the
the coercivity, which is strongly influenced by microstructural Magnetic layer whose properties are strongly influenced by the
propertie$4 It is still under debate whether the isolated island Underlayef’ In particular, the growth of a discontinuous or
morphology of the layer is beneficial in obtaining films with ~ continuous film should be in principle induced by a templating
higher coercivity and also what is the value of critical thickness Pt underlayer with a 3D separated island or a layer-by-layer
for obtaining a continuous layer for each specific system. As morphology, respectively. As far as the Pt underlayer is
an example, some authors have recently demonsbratbe concerned, platinum grows heteroepitaxially on MgO(100), even
growth by sputtering of FePt/MgO(001) films with very high if they are dissimilar materials with a large mismatch (ap-
anisotropy deposited as disconnected islands, that is, with aproximately 6.84%). Typical of metallic films grown on
thickness below the minimum value needed for reaching nonwetting oxidic substrates such as MgO is the formation of
networks of irregularly shaped nuclei. It is well-known that the
* Corresponding author. E-mail: guido.scavia@ism.cnr.it. crystallographic orientation of epitaxial platinum films depends
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depending on the deposition method ug&d® Pt films grown deposited film did not contain impurities, as confirmed by the
by techniques such as e-beam evaporation often consists of &PS analysis. The surface characterization has been carried out
mixture of [111] and [001] orientations, while films grown by  with a commercial STM-UHV system (WA tech) (typical

a plasma with a significant nonthermal contribution [sputtering tunneling parameters: tigsample voltage= 2—3 V, tunneling

or pulsed laser deposition (PLD)] can be brought more easily current= 0.05-0.08 nA). The STM measurements have been
to the formation of a single-oriented layer. This work is hence carried out ex situ by transferring the film in the microscope,
dedicated to the study of the growth of Pt layers deposited on where the surface was let to degas for at least 12 h before start
MgO(100) by PLD. The final goal is to optimize the PLD measuring. All of the analyzed samples were characterized by
deposition process in order to obtain, in a reproducible and a conductive Pt layer, even for the thinner cases in which the
controlled process, the desired structural and morphological interconnected Pt islands already form a percolative path for
properties in view of its application as underlayer. The study the current. The joint use of diffraction and reflection of X-rays
has been performed by varying the parameters that influenceallowed determining the films properties both on the microscopic
the PLD depositions and film growth, i.e., substrate temperature, and mesoscopic scales. Indeed, while the X-ray diffraction
Pt layer thickness, and postdeposition annealing treatments inprovides information on the crystalline structure of the sample,
the first stages of growth, where major changes of the structural the X-ray reflectometry accounts for its overall morphology in
and morphological properties are expected. A microstructural terms of average thickness and surface roughness (variance from
study with STM-UHV and ED-XRD will be presented. Chemi-  the main average thickness). To do this, the energy dispersive
cal composition of the films has been studied by using X-ray (ED) method was used. In the present work, the combined use
photoelectron spectroscopy (XPS) combined with Ar ion of the STM and the EDXD/EDXR techniques allowed us to
sput_tering. The dispussion Qf the results is organized into ,threecorrelate the structural properties of the samples to their
sections. In the first section, the effect of the deposition orphological characteristics. The main advantages of the ED
temperature is shown: four temperatures have been chosen ifechnique, with respect to the usual angular dispersive one, fully
order to cover all the stability range of the most important Pt giscyssed in ref. 16, are connected to the fixed geometry of the
layer orientations, i.e., from 300 to 70G. In the segond section, experimental apparatus during the measurement. Indeed, in a
the evolution of the layer morphology as a function of the layer y o scattering experiment, the intensity of the radiation
thickness alfuep= 600°C deposition temperature and the effect  q)jacteq at the detector is a function of the scattering parameter

of postannealing treatments onto some of the correspondingq, depending both on the deflection angle and on the energy of
layers are presented. The growth temperature of €DMhas he X-ray beam used for the measuremep=(aE sin 9, a =

been chosen because a mixed morphology can still be obtaine 014 AYkeV). In the energy dispersive variant of the

at this temperature,_and one or the other growth d|re_ct|ons Ca‘ndiffractometry/reflectometry technigues, a nonmonochromatized
2ip‘;ﬁfﬂaﬁ){e\gﬁﬁn&:tg@::l?srgg\gh parameters. Finally, the primary beam (in the prgsent cgsen‘rg W anode X-ray tube)
is used, and after the interaction with the sample, the X-ray
) ) beam is analyzed by a solid-state detector (SSD), capable of
2. Experimental Section performing the energy scan of the diffracted phot&ig.The

A pulsed KrF excimer laser with 248-nm wavelength was energy resolution is ca. 1.5% with a maximum count rate of 10
used to deposit Pt layers on polished MgO single-crystal kcounts/s. To reach the desired diffraction (or reflection) angle,
substrates cut and polished along the (100) plane. Substrate an§OUrce and detector arms are moved by two linear actuators
target (a disk of platinum metal) were assembled in a frontal driven by step motors, leading to a minimum scattering angle
geometry at 5.6-cm reciprocal distance in a high-vacuum increment of 0.002 The experimental setup described above
chamber. The commercial magnesium oxide substrates and théV@s used to perform both the EDXD and the EDXR measure-

Pt targets were cleaned in ultrasonic baths with acetone andMents, only changing the instrumental configurations, i.e., the
2-propanol at boiling point. In the final step, the clean surface °rder of magnitude of the deflection angle during the data
was washed with fresh demineralized water with a residual @cquisition (102 A for reflection and a few A for diffraction).
resistivity of 18.2 M2 cm for some minutes. To ensure thermal The first measurements (EDXD) provided the diffraction
contact with the heating element, the substrates were glued withPatterns of the films under study, allowing the investigation of
silver paste onto the substrate holder, which was made of athe structural properties. Furthermore, as required for a poly-
copper pellet heated by a halogen lamp. The Ag paste nevercrystalline sample, rocking curve (RC) analyses were performed
came in contact with the growing film, and even at the highest in order to obtain the statistical distribution of the orientation
deposition temperature no contamination due to Ag traces wasOf the films domains, i.e., their degree of epitaxy. Such analyses
found in the Pt film. A K-type thermocouple was mounted inside Were carried out by recording for each film the intensity of the
the copper pellet at a close distance (1 mm) from the sample. diffracted radiation as a function of an asymmetry parameter
The substrate inside the vacuum chamber was then heated tdo = (9i — 91)/2], whered; and ¥ are the initial (incidence)
400°C in a vacuum fo6 h and then it was cooled, heated to and final (deflection) angles antl + 97 = 2 is kept constant®

the final deposition temperature, and stabilized before the The second set of measurements (EDXR) provided the films
beginning of the deposition. Depositions were performed at an morphological parameters: thickness and roughness. The fit of
energy fluence of 3 J/ctrand pulse repetition rate of 10 Hz  the EDXR experimental data was performed using the Parrat's
for a variable number of total pulses (from 1500 to 18000). model® Photoemission spectra were collected by using a VG
The variation of energy fluence was accomplished by varying ESCALAB Mkl spectrometer, equipped with a standard Al K
the laser energy while the spot area on the target was keptexcitation source and a five-channeltron detection system. The
constant to avoid spurious effect on the deposition rate due toexperiments were performed at a pressure of about10-°

the variation of the irradiated area. Samples were deposited atmbar, which was increased up toxL 10~ mbar during the
temperatures ranging from 25 to 780 and at a growth pressure  depth profiling. The energy of the ion gun (Brwas set to 2.0

of 2 x 107 mbar. The background pressure before deposition keV and the sample current density t0x210°3 mA cm2,

was close to 8 1078 mbar. This procedure ensured that the which corresponds to the average sputtering rate of about 0.3



Pt Layer Deposited on MgO(001) by PLD J. Phys. Chem. B, Vol. 110, No. 11, 2008631

a) Pt 4f,,

Pt4f,,

Intesity (a.u.)
Amount, atomic %

68 0 72 4 7% 8 8§ 82 I S B e
Figure 1. (a) Pt 4f spectrum after the subtraction of Shirley background: #t4BE = 71.1 eV; Pt 4§, — BE = 74.4 eV. (b) XPS depth profile
of the sample grown at the fluence of 3 Jkcm
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Figure 2. (a, b) STM images of the Pt surface morphologyTa,= 300°C. (c) EDXD pattern in the-range of interest. In part b, the correspondence
between the typical structures and EDXD peaks is shown by the arrows as examples.

nm min L. The binding energy (BE) scale was calibrated by and deposition times of 15 min (thickness of 8 nm). The results
measuring the peaks of Au#f (BE = 84.0 eV) from the Au must be compared with the EDXD structural characterization
foil mask and C 1s (BE= 285.0 eV) from the surface (in Figures 2-5) and the EDXR morphological characterization
contamination. The accuracy of the measured BE#@4 eV. (Figures 6 and 7). The structural characterization showed the
More experimental details have been published elsewfiere. presence of the face-centered cubic (fcc) Pt phase at every
Depth profiling measurements have been used for the determi-deposition temperature. The main difference as a functioh of
nation of the layers’ thickness. The curve thickness/deposition was the amount of crystalline domains grown along the [001]
time has been constructed from XPS depth profiles (results notand the [111] direction, respectively, to evaluate the epitaxy
shown here). We verified that, for the deposition times higher degree around such directions. Actually, in this case, only the
than 5 min, the thickness was increasing linearly with time.  second-order reflection [002] is visible. This information is
) ) obtained by performing the RC analyses of the films by EDXD

3. Results and Discussion (as discussed in paragraph 2), and it consists of a sequence of

3.1. XPS Characterization. The chemical composition of  diffraction patterns collected by progressively increasing the
the sample surface has been investigated by using the XPSasymmetry parameter. An example is shown in Figure 8 for
technique. In Figure 1a, a typical spectrum of Pt 4f, composed the sample deposited at 60C. To make the comparison with
of spin—orbit doublet 4§, and 4§, with a separation in energy ~ the STM images, a representative single pattern is shown for
of 3.3 eV, is shown. The main peak of Pt4fis centered at ~ €ach sample in Figures-5. For Tgep = 300 °C, according to
BE = 71.1 eV, which correspon#s?2to metallic platinum. In  the STM images of Figure 2a, b, the layer is characterized by
particular, the XPS depth profiling has been employed to & homogeneous distribution of small 3D islands with a mean
investigate the quality of Pt surface and interfaces. The samplediameter of 11 nm and roughness of 1.2 nm. From a comparison
charging effect, which was observed at the interface with between STM and EDXD (Figure 2, parts b and c, respectively),
insulating substrate, has been eliminated from the depth profile these 3D islands, which represent the only features visible in
by shifting the main XPS peaks. As can be seen from Figure the STM analysis of the layer at 30C, can be attributed to
1b, the carbon contaminants, which were present only on thethe [111] Pt observed by EDXD. Beside the MgO contribution,
surface of the samples exposed to air, are removed quickly, afterthe [111] Pt is the only reflection present in the patterns. For
about 10 s of sputtering. The depth profiling demonstrates that Teep= 500 °C, the Pt layer is characterized by two distinct 3D
the Pt layer is metallic and that the surface of MgO substrate is features (Figure 3a): a mesh of orthogonal short stripes that
clean. form a regular network and the 3D islands of Figure 2, now

3.2. Pt Layer Morphology as a Function of the Temper- more expanded and with an hexagonal base, which fills the
ature. STM images of Figures25 show the evolution of the  empty spaces inside the mesh network. Enlarged images (inset
surface morphology at four different deposition temperatures, of Figure 3a) reveal that each island is composed by a stacking
i.e., 300, 500, 600, 70TC, respectively, for a fluence of 3J/ém  of several layers whose area decreases by moving from the
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Figure 3. (a) STM image of the Pt surface fake, = 500 °C. (b) EDXD pattern in the-range of interest. In part a, the correspondence between
morphological features and EDXD peaks is shown by the arrows; in the insert, a magnification of one [111] Pt island is shown.
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Figure 4. (a, b) STM image of the Pt surface fdgep, = 600 °C. (c) EDXD pattern in theg-range of interest. The correspondence between
morphological features of part b and EDXD peaks is shown by the arrows.
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Figure 5. (a) STM image of the Pt surface f@ge, = 700°C. (b) EDXD pattern in therrange of interest. The correspondence between morphological
structures of part a and EDXD peaks is shown by the arrow.

substrate to the film surface. Also the stripes show this pyramidal and, subsequently, a layer-by-layer growth. A diffraction pattern
structure, but the staking layers are in this case elongatedof the sample foifgep = 500 °C is reported in Figure 3b. The

rectangles rather than hexagoi$ie 3D growth observed at [111] Pt reflection is still present but, in addition, the [002] Pt
the lowest temperatures can be explained by the Pt kinetic reflection is also visible, showing the coexistence of the two
energy not being high enough to allow a long-range Pt migration growth orientations. From a comparison with Figure 3a, the
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Figure 6. Results of the RC analysis: empty dot, [002] Pt; full dot,
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Figure 7. EDXR patterns: experimental data and fits.
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correspondence between the peak and the stripes can be
hypothesized, as evidenced in Figure 3a. By increasing the
deposition temperature to 600 (Figure 4a,b), the stripes
appear larger and better defined, as compared to the°’600
case. Besides, within each stripe, the upper surfaces are
bidimensional and composed by one single flat layer. According
to Figure 4b, the mesh structure is dominant with respect to
the hexagonal islands which, even if present, have a very low
density. The forklike shape (Figure 4a) suggests that a merging
process between adjacent stripes starts occurring. The two
reflections are still both present in EDXD patterns (Figure 4c).
Finally, for Tgep = 700 °C, the coalescence between the
expanding stripes has actually led to flat epitaxial terraces due
to the higher annealing temperature (Figure 5a). The edges of
the terraces are in prevalence orthogonal, thus reproducing and
maintaining the orthogonality of the original stripes attributable
to the [002] Pt. As a matter of fact, according to the EDXD
data, only the [002] Pt reflections are present in the patterns
recorded for this sample (see Figure 5b). On the other hand, a
distribution of squared holes all over the terrace can be observed
(see Figure 5a). The holes have a depth of several layers and
they can be explained as the result of a nonperfect coalescence
of the various stripes, i.e., the areas left empty by the expanding
stripes. The same kind of holes are present in the annealed
samples, as will be shown later. This suggests that such
imperfect coalescence for the 70CQ case is induced by an
annealing effect during the deposition. A detailed inspection of
the sample surface excludes the presence of residual 3D
hexagonal islands, and this is confirmed by the absence of [111]
Pt reflection. The result of the RC analysis on the samples
deposited at the various temperatures (Figure 6) is the follow-
ing: (1) the [111] Pt orientation shows in all cases a considerable
degree of epitaxy (fwhnx 0.1°). (2) The maxima of the RC

of the Pt film do not coincide with the reference value €

0°), at which the substrate reflections from the substrate are
most intense but slightly displaced. This can be explained, either
to the effect related to a possible miscut of the substrate, and to
a slight variation of the film orientation with respect to the
substrate, depending on the lattice match between Pt and the
MgO. The thickness of the films deduced by EDXR is not
correlated with the widths (fwhm) of the respective RC, which
indicates that the substrate/film misorientation is small and
random and it can be attributed to the statistical process of
deposition. (3) Concerning [002] Pt at 50Q (Figure 6), the
corresponding RC is rather flat (very large growth orientation
distribution) while at 60CC it is broad but peaked. This can

be interpreted as a higher degree of order of the [002] Pt growth
direction at this temperature and is consistent with the improved
regularity in the sequence of the stripe structure observed by
STM. For the sample deposited at 780, a higher degree of
epitaxy was observed [fwhrs 0.270(5¥], even thought the
texture of [002] crystallites does not reach the epitaxy observed
for the [111] oriented crystallites. The results of the EDXR
investigation, reported in Figure 7, allowed us to estimate both
the film thickness and the roughness. The sequence of the
EDXD patterns at 600C as a function of thet scan degree is
reported in Figure 8. The roughness as a function of the
deposition temperature is shown in Figure 9. It is interesting to
note that, on passing from the 3D to the 2D regime, the

presence of the pyramidal islands observed by STM, which canroughness unexpectedly increases. However, this can be easily

be considered an evolution of the smaller islands at 300

attributed to the presence of the holes and, in general, of the

has to be associated with the [111] Pt reflection. As far as the empty spaces amidst the flat stripes. In other terms, the stripes
[002] Pt reflection is concerned, since the presence of this peakat 600°C and terraces at 700 show very flat top surfaces,
corresponds to the appearance of the stripe mesh structure, &ut being separated by deep canyons, the thickness variations
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dominate and the roughness has an high value. Conversely. 0 nm 800
samples deposited in the 306600 °C T range are more ™ fr'”“"\ alod
homogeneous, and although do not exhibit flat structures, 17

nevertheless, they have an overall lower roughness. \ J

3.3. Pt Layer Morphology as a Function of the Layer x/div:18.8nm y/div:1.45 nm Xidiv:23.3nm yidivA.10nm
Thickness.Figure 10 shows the surface evolution as a function o
of the Pt layer thickness in a set of different films deposited at Figure 10. Pt surface morphology after depositionTat, = 600 °C,
3 J/cnt at Tgep= 600°C for a variable thickness, and each was fi“;':}fﬁ)3(g;°r3ﬁéorrnﬂ]e5°:s't'l°g ﬂm)es(g)f éaznizﬁ‘r’@"lnz(;h'ﬁ;r;egf t(?e
separately measured in the STM. For a deposition tigag 6f inset, a detail is shown), (d) 7 mid & 4.5 nm), (€) 15 mind = 9
2.5 min (thickness valuelf of 1.5 nm) (Figure 10a), the surface  nmy), and (f) 25 min ¢ = 15 nm). The corresponding profiles along
is characterized by a distribution of independent, highly packed, the lines delimited by the arrows are shown.
interconnected islands that even at this stage guarantee the
electrical conductance needed for STM measurements. Thethis process, each island becomes more irregular and richer in
islands have a mean diameter of 20 nm, if each island is elbows, thus acquiring a mosaic-like shape, although the two
approximated to a circle and a mean height corresponding toorthogonal preferential growth directions are maintained. Due
the layer thickness. As a matter of fact, the islands have ato the coalescence, both the typical length and the width of each
noncircular shape, and the corresponding edges are straight linessland increases. On passing fragg, = 2.5 to 3.5 min (from
oriented along two orthogonal preferential directions. Each d = 1.5 to 1.8 nm) the island height does not sensibly change,
island can expand along one of the two directions or along both thus suggesting that, after a first stage in which the islands are
the directions simultaneously, thus generating small segmentssubjected to a 3D growth, by moving to longer deposition times,
or L-shaped structures, respectively. These islands tend to formthe lateral expansion prevails over vertical growthtfg= 7
a flat pavement, and the roughness can be mainly attributed tomin (d = 4.2 nm) (Figure 10d), the coalescence of the islands
the empty spaces left between adjacent islands, as discusseteads to flat terraces of the same height and delimited by straight
above. By moving tdgep= 3.5 min @ = 1.8 nm) (Figure 10b), lines. Itis interesting to note that the height of the terraces even
the islands expand by establishing more interconnections. Inat d = 4.2 nm does not sensibly change with respect to the
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samples deposited at 60G with F = 3 J/cn? for tgep=15 min
(d=9nm) (a, b) and 5 mind = 2.5 nm) (c, d). For the 15
min (d = 9 nm) case, in which the Pt layer has completed the
total coverage of the substrate, the effect of the annealing is to
favor coalescence and enlargement of the stripes. Consequently,
the formation of larger flat terraces is observed, as shown in
Figure 11b. According to the roughness profiles, although the
height of the terraces did not sensibly change in these cases,
the width of the terrace has increased; within a single terrace,
a surface roughness of approximgtglA was estimated. It can
be hypothesized that the short annealing induced a redistribution
of the Pt atoms onto the surface, thus causing the broadening
of the terraces without major structural changes. For a longer
annealing time, surface degradation started to occur, due to some
Pt clusterization onto the surface (results not shown here).
Another effect of the annealing is to favor the formation of holes
with rectangular shape. These holes form almost independently
on the thickness and they are likely to be a consequence of the
atomic redistribution. If a continuous layer is required, the hole
formation represents a shortcoming of the annealing process.
Figure 11c,d shows the effect of the annealing before and after
the flash annealing for the layer with a thickness of 2.5 nm
r deposited for 5 min, i.e., for the case in which interconnected
9 islands are present. After the annealing, the spaces between the
mosaic-like islands increase, unlike the previous case, although
morphology for the cases e, = 600 °C, fluence= 3 Jicnf for a percolation still occurs and the islands form continuous paths.

deposition times of 15 min (a, b) and 5 min (c, d) and a thickness of The annealing of films at low coverage stages seems then to

9 nm (a, b) and 2.5 nm (c, d). The surfaces before annealing are shownincrease the separation between islands.
in a, ¢ and after are shown in b, d.

Figure 11. Effect of the flash annealing at 30C onto the surface

4. Conclusions
height of the islands of the previous cases. By movingdo=

10 min @ = 6 nm) (results not shown here) and then to 15 min A study on the morphology of Pt layers grown on MgO-
(d = 9 nm) (Figure 10e), the surface is characterized by a (001) by pulsed laser de_p_03|t|9n as a function of t_he depos!tlon
sequence of long stripelike layers oriented along the two tempgrature and deposition time has been carried out with a
orthogonal directions, thus forming a mesh structure. Further- combined use of STM-UHV and EDXD/EDXR.
more, the stripe width increases with deposition time. According ~ Results show that the temperature has a significant role in
to Figure 10e, the roughness within each stripe is very le ( determining the layer morphology. F@ge, = 300 °C, a 3D
nm), although the average roughness exceeds 1.5 nm, due tésland distribution characterizes the Pt layer. This morphology
the steep sequence of the narrow flat terraces and empty space€§an be assigned to the fcc [111] Pt crystalline growth direction
as anticipated at the end of section 3.2. Finally, the surface observed by EDXD. Aflgep = 500°C, the coexistence of two
morphology after a massive deposition of Pt, fp & 25 min 3D features, i.e., a homogeneous network of orthogonal stripes
(d = 15 nm), is shown in Figure 10f. The layer reaches the and hexagonal islands between, associated with the [002] Pt
minimum roughness attributed to the presence of a 2D sequenceand to the [111] Pt respectively, occurs. Agg = 600°C, the
of terraces onto the surface. Besides, the layer, even almostwo features and the two corresponding EDXD reflections are
continuous, is characterized by a homogeneous distribution of still present. Moreover, the stripes show flatter top surfaces and
holes due to an imperfect filling of the underlying terraces. These form a more ordered network. Finally, fdke, = 700 °C, the
holes, however, tend to become smaller and smaller by furtherstripe coalescence produces flat terraces that can be associated
increasing the thickness (results not shown here). In summary,with the only residual [002] Pt growth direction, and the unique
the layer passes from a 3D morphology, consisting of intercon- €lement of discontinuity is represented by regularly shaped
nected islands, to a 2D morphology, characterized by the stripeholes.
mesh. The two orthogonal directions along which the 3D  The 3D morphology observed at relatively low temperature
mosaic-like islands expand are maintained in the relative can be attributed to the kinetic energy of Pt atoms not being
orientation of the stripes in the mesh structure, thus suggestinghigh enough to allow a long-range migration and consequently
that the former network represents a sort of precursor unit of a rearrangement of Pt atoms. The impinging atoms prefer to
the latter structure. The fact that after a certain deposition time grow vertically onto the already formed 3D islands rather than
the morphology evolves from small islands into long stripes expanding laterally. At higher temperature the kinetic energy
can be attributed both to a higher Pt atoms density onto the allows this migration and the 3D structure turns into a 2D
surface and to a permanence for longer times at high temper-pattern.
ature, i.e., to an annealing effect. For Tqep= 600°C, a STM analysis of the surface as a function
Finally, a study on the effect of annealing onto the surface of the deposition time reveals the initial formation of a 3D layer
morphology was carried out on some of the previous samples.composed by regularly shaped mosaic-like islands. By increasing
The annealing was performed by flash Joule heating at tem-the thickness, these islands expand laterally and then coalesce,
peratures ranging between 300 and 33D under UHV thus forming an almost continuous pavement onto which a layer-
conditions within the STM. Figure 11 shows the surface by-layer growth occurs. This 2D growth consists of the
morphology before and after the UHV annealing treatment for formation of a sequence of orthogonal flat terraces. For higher
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deposition times, the terrace length increases, thus covering (3) Ristau, R. A.; Barmak, K.; Lewis, L. H.; Coffey, K. R.; Howard,
almost all the empty spaces corresponding to the uncovered’- K: J- Appl. Phys1999 86, 4527. _ _ _
areas. The evolution from the initial 3D island structure to the Ulh;él?BELﬁﬁQ{’ 8‘5.'fggf%%g’z'bga'egnz'gg?nes' V. Cadeville, M. C;
2D orthogonal stripe structure can be attributed to the longer  (5) shima, T.; Takanashi, K.; Takahashi, Y. K.; Hono,A@pl. Phys.
annealing effect and to a higher Pt atom density on the surface.Lett. 2002 81, 1050.

The effect of the UHV annealing is to produce a broadening  (6) Takanashi, K.; Shima, T.; Takahashi, Y. K.; Hono, K.; Li, G. Q.;
of the terraces in the 2D growth regime and an increase of the'zsg(')%,sh Jl%‘t European Magnetic Symposia, Dresden, Germany, Sept 5
interisland separation channels in the_3D_reg|me. However, a (7’) Wan, J.: Huang, Y. H.. Skumryev, V. Stoyanov, S.: Zhang, Y.
general collateral effect of the annealing is to produce also a Hadjipanayis, G. C.; Weller, D. Joint European Magnetic Symposia,
distribution of regularly shaped holes. Dresden, Germany, Sept-30, 2004; p 173. _

The results show that the combined use of the STM-UHV Nanfs)trgstz?ggﬂgw’:?H':as”o"éa Réo'g-z_c-?ggoneyv M. . Magnetic
and EDXD./EDXR t_echniques prov_ide_s _the morphological "?md (9) Lambeth, D. ’N.. In.l’\/lag.r;etic étgragé Systems beyond 2000
structural information needed to individuate the appropriate nagjipanayis, G. C., Ed.; Nato Science Series, il, Mathematics, Physics
deposition conditions for an oriented film growth, as required and Chemistry, 41; Kluwer Academic Plublishers: Norwell, MA, 2001; p
for magnetic recording application. 55. ‘ _

Moreover, the experimental evidences so obtained demon- (10) Takai, Y.; Sato, MSupercond. Sci. Techndl999 12, 486.

strate that PLD, although representing a nonequilibrium tech- 77’%?01'\4(:Imyre’ P. C. Maggiore, C. J.; Nastasi, 8.Appl. Phys1995

nique, is able to give epitaxial layers, thanks to the high mobility  (12) Mcintyre, P. C.; Maggiore, C. J.; Nastasi, Kicta Mater.1997,

of the atoms onto the growing surface, also favored by the high 45, 869.

substrate temperature. (13) Mcintyre, P. C.; Maggiore, C. J.; Nastasi, Mcta Mater.1997,
Further investigations on the role of the MgO (001) substrate 45, 879.

. . . (14) Narayan, J.; Tiwari, P.; Jagannadham, K.; Holland, O.Appl.
in influencing the layer morphology are in progress. Phys. Lett1994 64, 2093.

(15) Cillessen, J. F. M.; Wolf, R. M.; De Leeuw, D..NMhin Solid Film
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