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Co/Pt(110) interface: An x-ray-diffraction study
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Surface x-ray diffraction has been used to investigate the growth and structure of thin cobalt deposits on a
P1110 substrate. The substrate exhibits the missing-row reconstruction, which has been checked and refined
with crystallographic measurements. Co grows in the Stranski-Krastanov mode: an initial two-dimensional
growth followed by three-dimensional crystallites. In the early growth stages, cobalt fills the missing-row sites
and mixes with Pt. Subsequent growth results in the formation of long triangular prisms with the largest side
in contact with the substrate. These crystallites have the fcc structure and their lateral faces are 111 planes.
[S0163-182€09)09603-4

I. INTRODUCTION 1X 3 reconstruction could be observed, confirming previous
finding® and indicating that this reconstruction may be im-
Cobalt/platinum multilayers or thin-film alloys have re- purity stabilized” We concentrated on thexI2 reconstruc-
ceived a great deal of attention in the last few years asion, which is the characteristic of the clean substrate. After
magneto-optical recording media due to their large magnetahe surface was prepared, the dimensions of the surface ter-
optical signals and perpendicular anisotrdpenerally races were of several tens of nm as deduced from the widths
speaking, the magnetic interfacial anisotropy arises from af the diffraction peaks. Th€l10) planes of fcc metals are
combination of structural and morphological parameters ofnisotropic in nature: close-packed rows of atoms run along

the film. A great deal of research is being devoted to relatehe [110] direction whereas in thE001] direction the inter-

these parameters to the magnetic properties. The most cogomic distance is/2 times the nearest-neighbor distances.
monly investigated interface is Co(R11), which exhibits  The crystal lattice has been described with a basis

several surface structures and alloy formation at the rr ;
interface®>~* In this paper, we present results on C¢IR0) QéﬁsAﬁéssegcgs;?Je\/l/i;?Athfa\l 1_021 E?/%l]’aigdA[l_lg O(Igﬁlck

i i i i ’ 1—/M37 40 ’ 2740
since the inherent crystalline anisotropy of #14.0) planes lattice constant of Pt The corresponding reciprocal lattice

of the fcc substrate makes this system an interesting Candl_irections are designed ad, K, L, respectively. Bulk

date as model to try to disentangle the role of the differenlgragg reflections are found atH(K,L) values with L
structural effects on the interface magnetism. The growt L 024 ... orL=135...depending iH andK have the

and interfacial atomic structure have been investigated with

x-ray diffraction. In short, it was found that the growth mode same or different parity. As is customary_ in surface x-ray
is Stranski-Krastanov, that there is some intermixing at th iffraction, thel values denote the perpendicular momentum

interface and that the crystallites, which appear after depos ransfer and are continuously varying along the so-called dif-

tion of several layers are triangular prisms and have the fc action rods. Cobalt was deposited from an electron-beam

structure. In a forthcoming paper, the results of surface maggvaporator installed in the diffraction chamber. During depo-

netic x-ray diffraction experiments on this system will be Sition the pressure was in the T8-mbar range.

presented. Section Il gives the experimental details; in Sec.

I, a crysta'llographlc study of the clean substrate and that of . CRYSTALLOGRAPHIC RESULTS

three atomic layers of cobalt on the(Pt0) substrate is pre-

sented. Section 1V describes the results on the structure and The clean R.10 exhibits the well-known missing row

morphology of the crystallites. reconstruction which has been investigated in the past with
low-energy electron diffractidh(LEED) and x rays’ One of
Il EXPERIMENTAL DETAILS every two compact atomic rows alorjd10] is missing,

causing the subsurface atoms to pair towards the missing-
The experiments have been made at the surface diffragow position. In order to check and try to refine the structural
tion beamline of the ESRF, as previously describéthe  parameters determined in the past, a crystallographic set of
end station basically consists of a high-precision diffracto-data was collected from the clean surface. That was done by
meter coupled to a UHV chamber containing facilities for measuring the integrated intensities obtained upon rocking
sample preparation and characterization including severahe surface around its normal and by applying the necessary
evaporators for film growth. The clean crystal surface wasorrectionst® Four fractional order rods characteristic of the
prepared by a combination of argon sputtering and annealingeconstructed surfaceH( integer, K half integej and three
cycles in Q until no contamination could be observed on thecrystal truncation rodsH and K integer$ were measured.
surface by Auger electron spectroscopy. During the initialThe total number of nonequivalent reflections was 198. The
cleaning stages, carbon could be detected on the surfacaverage uncertainty as estimated from the 38 symmetry
Furthermore, at this initial stage of the cleaning procedure, aquivalent reflections was found to be 9%. In Fig. 1, two
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FIG. 1. The structure factor oHK) reflections as a function of 2 R “'.'f: X3
the perpendicular momentum transkefor the clean (X 2) recon- 0.5 : ir‘ﬂ' Lo 1
structed missing-row Pt10 surface.(@) The (0 —3/2 L) frac- ] P M
tional order rod.(b) The (1 1 L) crystal truncation rod. The 1 I
circles are the data points, the continuous curves are the best fits to i o
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rods are shown as representative examples of the measure- fime (seconds)

ments: the (0—3/2 L) and the (1 1L). The solid curves FIG. 2. Temporal evolution of the specularly diffracted intensity
in the figures represent the optimum fit to the data. The opguring growth of cobalt on P10 (bottom and on PtL11) (top)
timum atomic positions, as found by using@minimization  substrates at room temperature. The continuous vertical line indi-
method, starting from the missing-row model, are in goodcates the start of the growth. The reduced number of oscillations in
agreement with the earlier wofi We found that the inter- the case of RL10) evidences three-dimensional growth.
planar distance between the two topmost planes is
contracted—0.270.1 A respect to the bulk. The second in an imperfect layer by layer mode with several layers
and third layers have the same separation as found in thgrowing simultaneousl§® The results displayed in the bot-
crystal bulk. On the second layer, adjacent rows of atoms argom curve of Fig. 2 are characteristic of a Stranski-Krastanov
displaced by 0.120.06 A towards each othdalongA,)  growth mode: crystallites are formed on the surface after a
relative to the bulk. The pairing in the third layer amountsfew layers have grown. The period of the oscillations in Fig.
to 0.04:0.02 A. Also, a very small buckling of 0.02 2 corresponds to the deposition of approximately two atomic
+0.02 A of the atoms directly underneath the missing rowsayers. This is in contrast with homoepitaxial growth where
emerges from the fit. The only significant difference betweerthe period is well known to correspond to the deposition of
our results and Refs. 8 and 9 is the magnitude of the relaxene atomic layer. The reason for that difference resides in the
ation of the interplanar spacing between the second and thirdifferent atomic numbers of Co and Pt. Simple model calcu-
layers: the previous x-ray work reported0.11 A and the lations of the growth reproduce well the2 layer periodic-
LEED measurements-0.01 A, the latter being in agree- ity. An interesting feature of the CofRtL0) growth is the
ment with our finding. Our optimum structure produceg?a initial increase of the diffracted intensity immediately after
value of 1.8. opening the shutter. The explanation is connected with the
After preparing a good reconstructed surface, cobalt wasissing row reconstruction. The first cobalt atoms arriving
deposited on the substrate at room temperature at a constamto the surface are likely to adsorb in the positions of the
evaporation rate{ 0.8 atomic layers per minuteTo inves-  missing Pt atoms causing an increase in the intensity. That
tigate the growth mode of the cobalt deposits, the temporapicture is confirmed by crystallographic data, as will be
evolution of the diffracted intensity atH,K,L)=(0,0,0.6)  shown below.
was measured during evaporation. The valué efas cho- In an attempt to describe the structure of the Co/Pt inter-
sen as a compromise between surface sensitivity and diface at the early stages of growth before the Co crystallites
fracted intensity. The highest surface sensitivity occurks at dominate the surface structure, we investigated the structure
=1 but the diffracted intensity, at this value @f is too  of a film with thickness of approximately three atomic layers
small to do practical real-time experiments. If cobalt grew in(corresponding to the second minimum in the lower curve in
a perfect layer by layer mode, the intensity should display &ig. 2), by collecting crystallographic data as was previously
nondamped temporal oscillation since the morphology of thelone for the clean Pt surface. The situation is more compli-
surface would be periodic with time. Imperfect growth  cated in this case since the growth process causes surface
layer starts growing before the previous one has been contlisorder. Also, the intensities of the fractional rods for the
pleted would cause damped intensity oscillations. The bot-Co/Pt surface are weaker than in the clean Pt surface. Five
tom curve in Fig. 2 shows the result of a room-temperaturerystal truncation rods and two fractional order rods were
growth: the intensity shows an initial oscillatory behavior measured resulting in 77 independent structure factors. The
that dies out after three oscillations. For comparison it isresults are displayed in Fig. 3. By comparing with the data in
shown in the top part of the same figure the result of arFig. 1, one sees that the intensity distributions along the rods
identical experiment with the sole exception that the subare clearly different. To fit the data in Fig. 3, &2 surface
strate orientation wagl1l). In that case the number of os- cell having two symmetry plane@s in the clean surfage
cillations is double. The Co/Fit11) system is known to grow was utilized in order to reduce the complexity of the analy-
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1ol ! planes are found to be insignificant. The next atomic plane is
the originally missing-row layer. The calculations result in a
strong mixing of Co and Pt in that plane: the occupations of
the lattice sites are found to be 0.39Co0/0.61Pt and 0.26Co/
0.74Pt. The interlayer separation between layer three and
- . T, at— layer four is contracted at 18%. In fact, layer four is not flat
L) T e since the Co atoms are found 0.4 A above the neanor-
dinate of the layefobtained by weighting the individua
coordinates of the atoms with the corresponding site occupa-
tions) whereas Pt atoms are 0.2 A below. The next atomic
! plane consists almost exclusively of Pt atoms since the oc-
cupations of the sites are found to be 0.04 Co/0.96 Pt. The
interplanar separation between layers five and four shows no
PSP S S| relaxation. Finally, layer number six is identical to a bulk
L) ) T lew plane. We estimated the error bars in the values of the atomic
concentrations and atomic coordinates to be arotid®o.

FIG. 3. Structure factor of1,0) (0,1), (1,1) crystal truncation  Qur fit results in large values of the relaxations of the inter-
rods and of0, 1/2 (0, 3/2 fractional rods for three atomic layers of planar distances. Specifically, at the interface between Co
Co on the Pt substrate. The continuous curves are our best fit to thgnd Pt we found a contraction of 18%, which resembles pre-
data. viously published results from a LEED study on P¢(CH0)

alloys! In that case, a contraction of 16% was obtained for
sis. The surface of the Pt substrate was described with thrdBe topmost interlayer spacing. As mentioned above, the Co/
Pt planes and three Co planes as schematized in Fig. 4. THR¥(110 interface exhibits a X2 unit cell as the clean
original missing-row plane is labeled 4 in the figure. TheP(110 surface. However, the large differences between the
atomic coordinates along the surface normal were describé@®d (0 3/2 L) in the clean(Fig. 1) and Co coveredFig. 3
with 12 parameters to investigate possible relaxations. AlscSurfaces immediately suggest that the nature of the periodic-
four coordinates along, were allowed to vary. In order to 'ty doubling is different in both cases. In the Co/Pt system,
evaluate the possible intermixing of Co and Pt, seven addii® Non-zero intensity at the fractional order rods arises from
tional parameters were utilized to describe the atomic con'Ehe incomplete mixing in the original missing row plane

centrations at the sites. The total number of parameters in tha 1ce one atomic row is richer in Pt than the other. The

fit was therefore 25 including scale and roughness. The bed Iculations show that the intensity drops practically to zero

p del (2=5 h : in Fig. 3 both atomic rows have the same stoichiometry. A rather
it model (x“=5) generates the continuous curves in Fig. 3.inyjqiing outcome of our model, is that in the originally
Neither the data nor the fit are of the quality that one Obta'n?nissing row plane, the fit gives a Pt atomic concentration of

in a well-ordered and simple surface, preventing an accuratg g1+ 0 74= 1.35, which is larger than one, even by taking
description of.the structure of the interface. There are, hoWintg account the error bars. A possible explanation for this
ever, several interesting outcomes. The three topmost layefgsult is that the missing row reconstruction is not ideal in
consist of Co atoms with site occupations of 0.15, 0.48, anghe starting surface but that some unreconstructed areas
1.0. The partial occupation of the two topmost planes arisegould exist, which would contribute to the intensities of the
from the imperfection in the growth and results in an impor-integer order rods causing an excess of Pt in the best fit
tant surface roughness. The interplanar separations of theagodel. Finally, another question worth mentioning from our
Co layers are found to be 6% and 12% smaller than the laydit concerns the Co coverage. As mentioned above, approxi-
spacing of(110 planes in bulk Pt as indicated in Fig. 4. The mately three Co layers were deposited on the surface. The

relaxations of theA, atomic coordinates in the two topmost error on the above value may be estimated to be smaller that
0.5 layers. Our best fit model gives a total Co concentration
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Co of only two atomic layers as obtained by adding the occu-
Q A 1: 0.15 pancies of the lattice sites, which is smaller than expected.
VR \_ 6% . 0.48 The reason for this discrepancy has to be found on the exis-
O N N\ 12 2:0. tence of a substantial concentration of disordered Co atoms,
As O/ \U 18 3:1.00 vv_h|ch are not sitting in Ia.tt|ce sites and that contr_lbute to the
4: 0.33 ave. diffracted intensity as diffuse background. Similar effects
l 0 5 0.04 were found in our previous work on Co(R11).3 In sum-
0 ) mary, room-temperature deposition of Co on thx2
6: 0.00 Pt(110 surface, causes the filling of the original missing row
sites and a strong mixing with Pt in that plane. In the atomic
—_ A, layers below and above, the mixing is very small. The inter-

) ) o face layer develops a significant atomic corrugation and an
FIG. 4. Schematic representation of the surface cell utilized tqmportant interplanar relaxation

model the Co/Pt interface. Small and large circles represent Co and

Pt atoms, respectively. Adjacent to the labels of the six atomic |y, STRUCTURE AND MORPHOLOGY OF THE Co

planes are the atomic fractions of Co in each layer. Also, the relax- CRYSTALLITES

ations of the different interplanar distances are indicated. For clarity

in the figure, the Co atoms in the interface region have not been After depositing approximately six atomic layers of co-
drawn. balt, diffraction measurements were performed to investigate
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The error bar in the slope gives an error bartaf.3° in the
angle. Therefore, the angle of the crystallite faces is twice the
above value, which corresponds precisely to the angle de-
fined by the face$111) and (1,1;-1) (in cubic lattice coor-
dinate$ of a fcc crystal. Figure 7 schematizes the geometry
of the clusters. The above result is a strong indication of
i crystallites with the fcc structure. For comparison, if the apex
angle of the crystallites were 120° instead of 109.5, as one
. could guess if the crystallite structure were hcp, one would
obtain asl vs K slopes 1.22, which is certainly far from the
- slopes in Fig. 6. Further insight on the fcc structure can be
obtained from our data. Figure 5 shows that the satellites
' . . ' . become very intense akK(L)=(1.35,0.35) and0.35,0.70
06 08 K1(?I u152 14 16 (see the scans with filled data pointShe reason for these
T intense peaks is that they are bulk derived reflections from

FIG. 5. K scans at different values affor six atomic layers of ~the stack of the111) planes of the crystallites. In a perfect
Co on P{110. The satellites at each side K= 1 arise from the ~Stack, ABCABG of fcc planes, the periodicity in the direc-
triangular facets of the Co crystallites. The intense peaks in thdion normal to the planes is three times the interplanar sepa-

scans with solid data points are bulk-type diffraction reflectionsration. If in addition to the correct packing, the twin stack

from the crystallites. ACB also occurs, then the crystal has sequences of planes as
ABCACRB which result in new periodicities in the growth

direction. As a consequence, new Bragg reflections are found

the morphology of the three-dimensional cobalt clusters. Aat% or % of the reflections corresponding to the perfect stack

representative set of data is shown in Fig. 5, which display%f lanes. It may be easily shown that these new reflections
a series of scans alongatH= —1 andL varying from 0.05 P : Y Y

t0 0.7 The intensity aK —1 decreases upon increasit correspond to the intense satellites in Fig. 5. Their existence
sincé ét d.K L)=(X1 1 (;) there is a bulkpBragg reflecti%n evidences defects in the stack of Co planes.
and the minimum intensity in this rod occurslat 1. As it In summary, the Co crystallites have the fcc structure and

may be seen in the figure, in addition to the pealkatl, a triangular shape in th&,,A; plane. The side faces are

two additional peaks appear one at each side. These pea%or;g?d(lll) cubic type of planes forming an angle of

move apart from each other whdn increases. Figure 6
shows the positions of their maxima in teL plane as
determined by numerical fitting of the scans and the straight
lines, which fit the data points. The slopes ar&.03+0.04

and 0.96-0.03. The intersections of the lines in the figure
with L=0 are found to be 1.070.04 and 0.96:0.04. The
satellites in Fig. 4 result from diffraction from the Co crys-
tallites. Similar results have been obtained recently in other
systems? The lines in Fig. 6 correspond to the directions of
the normals to the faces of the crystallites. Within our ex-
perimental accuracy both lines have the same slope, which is
equal to*=1.00+0.05. This implies that the angle between
the normal of a crystallite face and th&, direction is FIG. 7. Geometrical aspect and crystallographic planes in the
tan (y2)=54.7° (the \2 results from the raticA,/Az).  crystallites.

log(Intensity) (arb. units)

dL/dK = -1 dl/dK =1
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A along theA; direction. As it may be seen the fit is good,
since the positions, widths, and intensities of the satellites are
well reproduced. The calculation has not included the contri-
bution of the Pt substrate, which produces additional dif-
fracted intensity ak=0.5, 1.0, and 1.5.

In order to evaluate the overall dimensions of the crystal-
lites, detailed scans in thd-K planes were performed. It
was found that the width of the distribution of diffracted

06 10 14 05 10 15 intensity along the&K axis was about six times that along the
K(r.lu) am H axis indicating that the crystallites are elongated aldng
Therefore, the approximate average dimensions of the crys-

FIG. 8. Data points: closer view of two of the scans in Fig. 4. tallites in theA;, A,, A3 directions are respectively 216,
The continuous lines are calculated from a fcc Co crystallite. 47, and 17 A .

An important question concerning the crystallites remains

As discussed in Ref. 12, the relative intensities of theto be answered. Are the prysmatic crystallites on the surface
satellite peaks coming from the crystallites provide informa-or are they embedded inside the substrate? A previous scan-
tion on the strain distribution inside them. If for a given ning tunneling microscopySTM) study of the growth of Cu
value of L, the intensities are equal, the strain field, if it on Ni(100),* revealed that Cu forms wedges inside the Ni
exists, is uniform. If they are different then the clusters havesubstrate. They were shaped as triangular prisms with inter-
a nonuniformly lattice spacing. Visual inspection of the datanal (111 facets extremelly similar to our findings. It might
in Fig. 4 shows that the intensities are very simileakcept be possible that the crystallites in the C@IRD) system in-
for the scans with filled data points which have to be considvestigated in the present study are not protruding outside the
ered separatelyMore detailed information may be extracted crystal surface but they are internal wedges as the result of
by evaluating the diffracted intensity from a model crystal-an internal faceting mechanism as in CUA0). This ques-
lite. The continuous curves in Fig. 8 result from crystallitestion could be answered by STM measurements on Co/
having 13 atoms at the base and a uniform atomic periodicity?t(110).

intensity (arb. units)
Intensity (arb. units)
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