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Thin films of Co on Pt(111): Strain relaxation and growth
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The growth, structure and morphology of thin Co layers with a thickness ranging from 1 to 15 monolayers
deposited at room temperature oii1Rtl) have been studied by the use of scanning tunneling microscopy. We
demonstrate that the first Co layer grows preferably in the Pt fcc lattice sites, with a high density of defects due
to the lattice mismatch. The second Co layer is found to exhibit a nstiveture, with the Co in-plane lattice
distance close to that of bulk Co. The growth of thin Co films is observed to be mostly in terms of flat layers
(two dimensional up to a Co coverage of about 3.5 ML. At higher coverages, we find that the Co grows in
(three dimensionglislands and we show that the growth is characterized by a mainly twinned fcc-like stacking.
We argue that the reason for the two dimensional growth mode at lower Co coverages is due to the strained
interface between the Co overlayers and thd Pt surface resulting in a large number of kinks and corners
which facilitate interlayer diffusion. For higher coverage such sites become less common, due to the decreasing
influence of the strained interface, resulting in no interlayer diffusion leading to a three dimensional growth
mode. The implications by these observations on the magnetic properties of th€lC/Riterface system
are discussed.

I. INTRODUCTION (RT). They reported a quasi—layer-by-layer growth mode up
to a Co coverage of 3 ML, including a large number of
The structure of heteroepitaxial thin metal films on metaldefects in the first layer and a mois¢éructure in the second
substrates has been studied for many y&atsis large inter-  layer. Above 3 ML a three-dimensionéD) growth mode
est has been driven by the desire to link the geometricalvas observed and furthermore it was shown that Co grows in
structure of the interface between the thin film and the suba hcp stacking sequence above 3 ML. At higher Co cover-
strate with magnetic and/or electronic properties observed atges the Co film appeared granular. Co growing in a pre-
the interface. In the case of Co-Pt thin films and multilayerdominantly hcp stacking was also found by an extended
systems, particular magnetic properties such as the perper-ray absorption fine structurdeXAFS) study for Co films
dicular magnetic anisotropfPMA) have been observed for thicker than 4 ML°
very thin Co layers in Co-Pt multilayefs* The direction of Low-energy-electron-diffraction studiesLEED
the magnetic anisotropy has been found to depend on theave shown that the first ML is nearly epitaxial on the
details of the geometric structure at the interface. For inPt(111) surface, since no extra spots where observed in this
stance, the thickness of the Co layers has been found twoverage regime. Above approximately 1.5 ML of Co, addi-
influence the PMA;® which has been related to a fcc-to-hcp tional LEED spots become visible, corresponding to that of
transition in the Co layers as the Co thickness is increasedhe in-plane lattice constant of bulk G8.4% smaller than
Due to the complexity of a multilayer interface system, it isthat of P}, implying that the Co lattice, at this Co coverage,
fruitful to study and gain understanding of the magnetic andelaxes to close to that of bulk Co. At higher Co coverages a
geometric properties during the initial interface formation for sixfold fine structure appears around each spot, interpreted as
a single Co and Pt interface, such as the Q&/F inter- a modulation of the Co overlayer, consistent with the STM
face. observations of the mairstructuré due to a large coinci-
A recent surface magnetooptical Kerr effd@MOKE)  dence cell of the modulated surface structure.
study of thin Co films on F111) (Ref. 7 reports a linear Surface x-ray-diffraction (SXRD) experiment¥ con-
increase of the PMA as the Co coverage is increased frormluded that a multilevel surface consisting of five different
0.8 to 3.7 ML[1 ML is defined here as the amount of atomslevels is formed after Co deposition of 3 ML. The most
in one Pt111) layer]. At a Co coverage between 4 and 6 ML, dominant feature observed up to a Co coverage of six layers
in-plane and out-of-plane magnetization was found to coexwas a component in the out-of-plane diffraction due to dis-
ist. The out-of-plane magnetization was observed to decreageder in the lattice constant in the out-of-plane direction,
to zero at about 6 ML of Co, whereas the in-plane magnetiagain consistent with the modulated surface structure of a
zation continued to increase. Such a behavior, which is alsmoire structure. At higher coverages, 8 and 12 ML, the
similar to that of Co-Pt multilayers, merits a detailed struc-stacking of the Co was found to be predominantly twinned
tural investigation. fcc. For a 10 ML thick Co film deposited at RT, a Co film
In fact, the structure and morphology of thin Co depositsconsisting of planes stacked in fcc, twinned fcc and hcp has
on P{111) has been studied extensively in the gast. also been reportef.
For instance, Gitter and Duig have previously used In this paper we present STM results from Co thin films
scanning tunneling microscog$TM) in order to study thin  deposited on P111) at RT. We show that the Co atoms in
Co films deposited on Pi11) (Ref. 8 at room temperature the first Co layer take preferably the Pt fcc lattice sites; the
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induced tensile strain in the Co layer is relieved by partial [™ =

=
5

dislocations(surface defecis The second Co layer, which is & /i
observed to relieve the partial dislocations, displays a moire
structure; the Co in-plane lattice parameter is found to take a [F£5 ;
value close to that of bulk Co. The moistructure is found >
to persist up to a coverage of at least 5 ML. The growth of ;
the Co film is observed to be almost flat or two dimensional =
(2D) up to a Co coverage of about 3.5 ML. At coverages of §
5 ML and higher, islands exhibiting a three-dimensional
(3D) growth are observed. These islands are found to grow
in a predominantly twinned fcc-like stacking. Finally, the
present structural findings are discussed in relation to previ-
ous findings of the magnetic properties of the C@l/P1)
interface.

Il. EXPERIMENT

The STM and AES measurements were performed in a
UHV chamber with a base pressure below 50! mbar.
All STM images were obtained in constant current mode
with the sample negative. The Pt sample was prepared in a
separate chamber with a base pressure of approximately 1
X 10*° mbar. The sample was cleaned by cycles of 2 keV  FiG. 1. STM image of a RL11) surface with a 1.2 ML thick Co
Ar* sputtering followed by annealing at 1150 K. The clean-fim deposited at RT displaying three different levela) Uncov-
liness of the RL11) surface and of the Co prepared surfacesered part of the PL11) surface(b) the first Co layer(c) the second
was checked by AES; no contaminants such as C and Qo layer. The image has been enhanced in order to display the three
could be observed within the detection limits. The cleanlevels simultaneously, leading to artefacts at the steps. The noise
Pt(111) surface exhibited a distinctive 1) LEED pattern.  observed in the lower part of the image is due to an unstable tip.
The size of the terraces of the sample was found to be 10-50

nm as observed with STM. Co was deposited from a water- g1\ images with higher resolution from the correspond-

cooled electron begm evaporator. The typical evaporatiqﬂ]g areas as shown in Fig. 1 are presented in Fig. 2. It should
rate was 1 ML/2 min as meas_ured by a quartz crysta_l Miphe noted that the images shown in Fig. 2 are not recorded
crobalance. In separate experiments, to avoid adsorption gy, the same preparation as in Fig. 1, but are selected im-
residual gas, the sample was kept at 600 K until shortly, g from different preparations in order to highlight the fea-
before the Co evaporation, and the evaporator was cool res observed in Fig. 1. Figurda shows an STM image

with ,Iil%'“"d nitrogen, resulting in a pressure well below 1 it chemical contrast from the @tL1) surface which is not
?<10 mbar during evaporation. No difference was found .overed by Co, corresponding to region A in Fig. 1. The
in the results from these preparations. A retarding voltagémaqe displays a Co-induced double line reconstruction of
was applied to the end of the evaporator in order to SUPPreSge pf111) surface due to tensile strain in the Pt surface; the
Co ions from the evaporator, since such ions have previousl, ker atoms on the left-hand side of the image are Co atoms
been found to influence the growth of thin filrfsThe error incorporated into the P11 surface. The Co-induced

in Co coverage was estimated from repeated measuremenis pje |ine reconstruction and dendrite formation ofi )

to be less than 10% as determined from the ratio between the,s peen discussed in detail elsewtférelhe present results
Co 773 eV and the Pt 237 eV Auger peak-to-peak signals. gho\y that the Co-induced double line reconstruction may be

formed at a temperature as low as RT, however the number
ll. RESULTS of the double lines at this temperature is lower than at tem-

This section is separated into two subsections. In the firs?etl‘_”‘&;;?ns stlggmlg :bogzraRr;rée of the first Co layer, Figy)2
subsection, we present results from low coverages of Co on 9 PP yer,

. . e shows an STM image with chemical contrast of Co on
the P{111) surface mainly focusing on misfit phenomena. In 111) from a 1.2 ML thick Co film deposited on @1) at

the second subsection, the results from high Co coverag { ) . B .
are presented, and the stacking sequence of the Co adislar%g’ correspo_ndmg to region B in Fig. 1. The image shows
will be discussed. 0 atoms which have Fhffused and attached to a Pt step edge
(lower right part of the imagethus the atoms underneath the
Co atoms are Pt atoms. The bright spot in the imag®per
A. Low Co coverages on the Rtl1]) surface (1-5 ML) left) is due to second-layer Co atoms adsorbed on the first Co
Figure 1 shows an STM image from a 1.2 ML thick Co layer. In the first Co layer, lines of brighter Co atoms may be
film deposited on R111) at RT. From the image, three dif- observed. A line drawn in thE110] direction across such
ferent areas may be observéa). the Pt(111) surface(b) the  bright lines, as indicated in the close-up STM image in Fig.
first Co layer directly on top of the Btl11) surface layer, and 3(a), demonstrates that the Co atoms in this direction are not
(c) the second Co layer on top of the first Co layer. Thein a straight row. The direction of the shift of the atoms in
different areas are indicated in Fig. 1. between the brighter lines results in the sketch in Fif),3n

20 nm
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FIG. 2. STM images from areas corresponding to those shown
in Fig. 1, but with higher resolutiofa) STM image with chemical
contrast of the uncovered (BLL1) surface, displaying a Co induced
double line reconstructiofRefs. 9 and 1y and single Co atoms FIG. 3. Model for the features observed in Figb2 (a)
embedded in the first Pt layefl) STM image with chemical con-  Close-up of the STM image in Fig(t). The lines drawn demon-
trast of the first Co layer, displaying a dislocation netwd@dk.STM  strates that the Co atoms are not in a straight line across the stack-
image with atomic resolution of the second Co layer, displaying ang fault region.(b) Top view of a model of the stacking fault
moire structure. region, the black topmost spheres being Co atoms. Based on the

known crystallographic directions of the substrate, it can be deter-

which it is shown that the atoms in between the brighter linegnined that the Co atoms are in hcp sites in the small region in
occupy hcp sites. A schematic model of a partial dislocatiorpetween, the brlg.hter linegc) A schematic sketch of the stacking
is shown in Fig. &). From Figs. 2b) and 3 it is clear that Co fault region. Regions of fcc s_tackeo_l Co are se_parated from smaller
takes preferably the Pt fcc lattice sites, with a smaller num2€as of hcp Co by partial dislocations, in which the Co atom oc-
ber of Co atoms in disordere@ridge or in hcp sites due to cupies most]y bridge sites explaining the brighter appearance of the
. dislocation lines.

the stress in the Co overlayer.

Due to the mismatch of 9.4% between the Clmearest-
neighbor(nn) distance 2.51 A) and the Phn 2.77 A) lat- low siteg, and squeezing a few atoms close together, creat-
tice, the Co overlayer becomes strained, which is relieved byng a heavy domain wallpartial dislocations The domain
the partial dislocationgtensile straiin Similar dislocation wall is observed as brighter appearing Co atoms on the bor-
lines have in the recent past been observed for a number ofer between the fcc and the hcp regions since these atoms
clean surfaces and thin metal film on metal substrateccupy mainly bridge positions. The close distance between
systemg®-?1Such a dislocation system may be described bythe two domain walls adjacent to the hcp area in Fitp) &
the Frenkel-Kontorova mod@élfor a weakly incommensu- due to the preference of the Co layer to grow in an fcc as
rate phase. This model is characterized by two competingompared to hcp stacking, resulting in only small hcp re-
interactions, the interatomic in-plane interaction between theions in the first layer. It would be expected that the small
Co atoms and a corrugated substrate potential. In the presedifference in stacking fault energy for Co would lead to ap-
case, the system obviously achieves the lowest energy hyroximately equal areas of hcp and fcc regions, which is not
occupying most of the substrate’s corrugation minithal-  observed. The reason for the observed large differences in

Partial Dislocations
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fcc and hcp areas may be due instead to a proximity to ;a)
commensurate phage.

In addition, brighter single atoms may also be observed ir
the Co layer. These atoms are Pt atoms, which may be ree
ized by comparing the similar appearance of these atom
with the Pt atoms at the Pt step eddewer right in Fig.
2(b)], indicating a very limited diffusion of Pt atoms to the
surface. )

The formation of the second Co layer on top of the first
layer results in the formation of a moistructure as shown
in Fig. 2(c). This structure is a result of a different in-plane
lattice spacing of the Co overlayer as compared to that of th
Pt lattice in the RfL11) surface, and has been observed pre-
viously with STM in this systefhas well as for other sys-
tems, e.g., Ref. 24. From the periodicity of the mastauc-
ture it is possible to deduce the contraction of the in-plane 0 . . ) . .
lattice spacing as compared to the in-plane lattice spacing i 0 1 2 3 4 5 6
the Pt111) surface from the moiréormula® An STM im- Length (nm)
age from 2.5 ML of Co on R111) is shown in Fig. 4a). We
find that the periodicity of the moirstructure is 12.71.1 C)
Co atoms resulting in a Co in-plane lattice constant con-
tracted by 7.40.7% as compared to the Pt1l) in-plane
lattice distance, slightly more than 6% as found in the previ- o 1000000
ous STM study® The corresponding number for bulk Co is 3 v
9.4%. A hard-sphere model for the Pt-Co interface showin¢ o
the moirestructure is shown in Fig.(4).

As we increase the Co coverage on th€lP1) surface, fec fec
the Co-induced moirstructure persists, as shown by a set of
100X 100 nnf STM images in Fig. 5. Figure(8) shows an 4
STM image of 2.2 ML of Co deposited at the(PL1) surface o 3
at RT. In this image, at least three levels displaying a moire el e
structure may be observed. The large, flat areas from whic
the moirestructure may be observed indicate that the order fec
ing in the second Co layer is higher than the observed orde! 8 ‘ 000
ing in the first Co layer in Fig. @). Therefore, we conclude g 000000
that the dislocations observed in the first Co layse Fig. )
2(b)] are lifted as the second Co layer is being formed. The
above observation is in agreement with the conclusions g, 4. (a) STM image with atomic resolution of a 2.5 ML thick
drawn from the previous STM studyFurther, in the case of o fim deposited on the Bt11). The white arrow indicates the
epitaxial films of Cu and Ni on RG00]) with a 5.5% and  periodicity of 12.7-1.1 Co atoms of the mairstructure.(b) Line
8.1% lattice distance mismatch, respectivelyensile  scan showing the corrugation of the Co film corresponding to the
strain,'*% rearrangements of several layers have been obblack line in Fig. 4a). (c) Top view of a hard-sphere model of the
served as additional layers are deposited. Also, recent studiesomic arrangement of the (RfL1) substrate and the first 7.9% con-
of thin films of Ag on Pt111) (Ref. 27 have shown that tracted Co layer, resulting in the moistructure.
partial dislocations observdih this case due to 4.3% com-
pressive strainin the first Ag layer may be relieved by the

d A | For th t svst it should b : ngular shape. The corrugation of the maitaucture is de-
second Ag layer. For the present system, [t should be note reasing as the coverage is increasing, reflecting the number
since STM is only sensitive to the topmost layer, a possible

e : ! . of levels between the observed terraces, and the interface
small diffusion of Pt into the first Co layer during the rear- between the P111) surface and the first Co-layécausin
rangement of this layer cannot be excluded. u : yécausing

Figure 5b) shows an STM image of an approximately 3.5 the mowestrugture}. o .. .
ML thick Co film on the Pt111) surface. In this case, five __BY comparing the periodicity of the moirstructure in
levels displaying the moirstructure may be observed. The STM images recorded from samples with different Co cov-
steps of the adislands have become more strathetnum- ~ €rages, we observe no change as the Co coverage is in-
ber of kinks and corners have been redycée., the step Creased, indicating no additional change of the in-plane lat-
coarsening has decreased. The reduced number of kinks afi@e constant of the Co overlayer within our detection limits.
corners should lead to a higher effective Schwoebel battier. It should also be noted that we cannot determine whether Co
An STM image from 5 ML of Co is shown in Fig.(6). At ~ grows in an fcc or an hcp stacking sequence based on the
least six levels displaying a moistructure may be observed. lattice constant as obtained from the modgteucture, since
The step coarsening has decreased further, and the size of tthe in-plane lattice distances for @d1) and Co(000) are
adislands has increased. Also, some islands have a more triery similar.
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FIG. 5. STM images showing
the development of the moire
structure and the surface morphol-
ogy displayed by the Co thin film
with increasing Co coverages for
(@) 2.2 ML of Co, (b) 3.5 ML, and
(c) 5 ML of Co.

B. High Co coverages on the RtL11) surface (3.5-15 ML) in the top layers both fcc and hcp stacking are present at a Co

Figure 6 shows a set of 360800 nn? STM images with ~ coverage of 5 ML, however with clear predominance of fcc
Co coverages ranging from 3.5 to 15 ML deposited onstacking. For the lower levels, we cannot determine the
Pt111) at RT. As the influence of the mairstructure is  Stacking sequence in this way, as the distance between the
reduced with higher Co coveragé ML and highey, we  Steps is too small to allow for alternating orientation of tri-
observe pyramidal islands with triangular shape. The trianangular terraces. The shape of the terraces in these levels is
gular shape is due to the existence of two types of steps onrather dominated by the repulsive step-step interaction.
(111) surface, the so-called and B steps, with(111) and Even though the above arguments are convincing and
(100 microfacets, respectively. If one facet is preferred en-have been used in previous STM investigatibtis fact that
ergetically or has a different growth spe@hte detailed pro- Co is observed to grow in an fcc stacking sequence is sur-
cess is irrelevant in the present conjektstead of hexagons prising. Therefore, we show an additional proof for this con-
(sixfold symmetry we will observe trianglegthreefold sym-  clusion in Fig. 7, in which we analyze a defect observed on
metry). Further, if the same microfacet is favored indepen-an island such as shown in Fig@y from a Co film with a
dent of the Co thickness, and if the step-step distance is larghickness of 8 ML. There, a straight step with a height of
enough to allow any direction of the step, fcc stacking andf the height of a normal Co step is found on the upper
hcp stacking will lead to triangles stacked facing the same oterrace. In continuation of thi$ step, on the lower terraces
the opposite direction, respectively. Examples of these twahere are steps wit§ height, but facing the opposite direc-
cases are indicated in Fig(§. Thus, we may conclude that tion (i.e., step-down when moving from upper left to lower

FIG. 6. STM images showing the development of the growth and morphology of thin Co filmgii)Pta) STM image of a 3.5 ML
thick Co film. (b) STM image of a 5 MLthick Co film. The arrows indicates islands with fcc and hcp Co stacki)dSTM image of an 8
ML thick Co film. The inset shows an STM image demonstrating the matiteture observable in the valleys between the isla@iSTM
image of a 10 ML thick Co film. The arrows indicates the existence of fcc tw@sSTM image of a 15 ML thick Co film.
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FIG. 7. (a) STM image of an 8 ML thick Co film on Pt111) showing a stacking fault in a Co island. The line scan across a step and the
intersection of the stacking fault plane with the surface demonstrates that the height of the Co step is approximately 0.22 nm while the
stacking fault results in a step height of 0.07 nm%omf the Co step height on the upper terrace. On the lower terrécsm,ps are found.
Fractions% and% in the image give the step height as a multiple of the interlayer distance of fdcl@o(b) The model shows how a
stacking fault in a(_11) plane is formed. Black dots show the positions of the atoms’ centers without a stackindcfaldttice), whereas
the open dots give the position of atoms in the hcp hollow sites ofTﬂ&)(pIane. This allows us to conclude tlésteps caused by the
intersection of a stacking fault with the surface have the same orientation as B steps on a regular fcc lattice,wdtepsasaused by a
stacking fault have the orientation éfsteps.

right in the image This is a clear fingerprint of a stacking Further, as stated above, it is clear that one of the step ori-
fault plane intersecting an fdd11) surface. The modgFig.  entations is favored. The stacking fault shown in Fig. 7 pro-
7(b)] shows how such a stacking fault is formed by placingvides us with the relevant information in order to determine
atoms into the hcp sites of a_ll) plane. Such a stacking which. It is obvious from Fig. (b)_that the orientation of &

fault mayonly exist in an fcc stacked fil?f These stacking SteP caused by a stacking fault is the same as thaBastap
faults are commonly observed in the islands. At least sevefdescending when crossing it in tfi@11] direction. A 3

of the islands in Fig. @) exhibit such stacking faults. No step has the opposite directitascending when crossing it in
dislocations typical for hcp stacking have been found on anyhe[211] direction and therefore the same orientation as an
of the islands identified as fcc via the shape of the terraceA step. Thus we find that the longer sides of the triangles are
On the other hand, the islands identified as fispe Fig. A steps, as opposed to the predominant facet present during
6(b)] never show stacking faults as the one shown in Fig. 7growth of Pt on Rtl11) at intermediate temperatures, which
Since most islands without a stacking fault show the samevas found to be & step?5 In addition, since the stacking
island shape at the top as those with an fcc stacking fault, wiault is observed to run all the way to the bottom of the
must therefore conclude that the stacking sequence is fdsland, it is clear that the geometry of the islands does not
almost everywhere for Co coverages of 5 ML and above. Iichange as the triangles are stacked on top of each other.
the triangles are alternating, we have to conclude that they Returning to Fig. ), which corresponds to a Co cover-
are stacked in an hcp sequence, as indicated in Kl. 6 age of 3.5 ML, hardly any characteristic island shapes re-



PRB 62 THIN FILMS OF Co ON P{111): STRAIN . .. 2849

flecting the stacking sequence of the Co layers are observec B Estimated from STM-images
even though the Co coverage is sufficient to speak of hcp ol U Calculated from Poisson distribution
fce stacking. Thus we are not able to distinguish between fcc 3¢
and hcp Co in the coverage region between 1 and 3.5 ML, “¢
neither from the moirestructure nor from the shape of the &
islands. Many steps are rather irregular, quite in contrast tog
the straight steps found at higher coverages. It is well knowng |
that dislocations may disturb and influence island g ok 8OML | oML | 1SML
nucleatior?® The moirestructure as discussed above is direct & s}
evidence for an undulating surface with a resulting variation 2
of the in-plane and out-of-plane lattice distances, which is 1
likely to influence the preference of the growth directions of =~ 0 Gl TR R e o et
the islands. Level

In Fig. 6(c), corresponding to 8 ML of Co, triangular o o .
shaped islands with more than 10 levels may be observed. It FIG. 8. Estimation of the distribution of the fraction of levels

is clear from Fig. 6c) that the vast majority of these triangles Présent in the STM images shown in Figahand Figs. 6a)-6(e),

does not change orientation from layer to layer directlyand the fraction calculated from a Poisson dlstrll_)utlon _for each
demonstrating that Co grows in a predominantly fcc struc-overage as would be expe_cted for a 3D growth with no interlayer
ture at this Co coverage. In fact. the imades presented i(rjln‘fusmn (Ref. 35. Note the improved agreement between the ex-
Figs. 60)—6(e) are verygsi.milar to ,recent S'IgM irr?ages pre perimental and calculated values as the Co coverage is increased.

. . ! The Co coverage is indicated in each plot.
sented for Pt on Pt11),%° which grows with an fcc stacking g P

sequence. The méimructure induced by the Co is visible at |, the case of pure 3D growth, in which no interlayer diffu-
the lower levels in the valleys between the islands, as illusgjon is present, the distribution of the terrace levels is ex-

trated by the inset in Fig.(6). Further, two opposite direc- pacted to follow a Poisson distributidh Therefore, the ex-
tions of the triangles may be identified as indicated in Fig.nected Poisson distribution of the number of levels for each
6(d), demonst_ratlng the existence of fcc twins, the s'gack|ngC0 coverage is also plotted in Fig. 8. It may be seen from
sequence beinABC... andCBA..., due tostacking thjs figure that the data points agree fairly well with the
faults in a lower level. It should be noted that the existencepgisson distribution at higher Co coverages, but at lower
of the twins, if the domains of the twins have an approxi-coyerages two terrace levels make up most of the image area,
mately equal area as in the present case, WI|| cause the O,Qdding support for a 2D growth mode in this coverage re-
served superstructure spots due to the Co in-plane lattice iion. |t should be noted that the estimation of the level dis-
LEED to have a sixfold symmetry. Finally, in Fig(é is  gipution from the STM images is not straightforward, due to
shown an STM image from 15 ML of Co. The appearance ofjjfficulties in observing underlying steps, completely filled
the islands is similar in Figs.(6) and &d), the difference levels (the “0” level is unknown for higher coveraggsand

being that the island sizes become larger as the Co coveragge |imited sharpness of the STM tip. We believe that the

is increased. _resulting errors are sufficiently small, however, to allow a
The present study for Co coverages of above 5 ML di-cjean discrimination between 2D and 3D growth.
rectly demonstrates that Co grows with a predominantly fcc

stacking sequence. This result is in agreement with previous
x-ray studies**°but in disagreement with the observations
made in the earlier STM stufland EXAFS measurementS. We suggest that the reason for the 2D growth mode at
These contradictory results concerning the stacking sequenéewer Co coverages is due to rough step edges caused by the
of Co may be compared to those that have been obtained fdiighly strained interface between the Co and thé&l P
Co/Cu111), further illustrating the difficulties that exist in surface. The strained interface results in the metracture
determining the stacking sequence of thin Co films. X-ray-which in turn results in an overlayer with a high density of
diffraction measurement$of 4 nm thick multilayers of Co  kinks and corners. Such sites are common in the present
and Cu on C(11) concluded that Co grows in a predomi- system in the Co films with 1-5 ML of Co. The presence of
nantly twinned fcc stacking sequence. For a single Co filmsuch an overlayer is likely to facilitate 2D growth since it is
on Cu111) the results reported in the literature for Co films knowr?>26-3%that sites such as kinks and corners are favor-
up to a thickness of 5.5 ML vary depending on the number ofble sites for adatom interlayer diffusion. As the coverage is
steps on the surface or segregation of Cu to the surface of thecreased, the influence of the strained interface decreases,
Co film 31733 Above 5.5 ML, indirect investigations based on resulting in a lower number of kinks and corndreduced
the magnetic properties indicated Co films stacked in a fcstep-coarsening which in turn results in a 3D growth. It
sequencé? but no clear distinction between hcp and fcc should, however, be noted that the diffusivity of adatoms
could be made. may change as the influence of the strained interface is de-
As a quantitative criterion allowing to distinguish be- creasing, i.e., as the thickness of the added film is
tween 2D and 3D growth of the Co films, Fig. 8 shows theincreased®?which may additionally affect the morphology
fraction of the terrace levels as estimated from the STM im-of the Co film.
ages in Figs. & and Ga)—6(e). In the case of pure 2D Finally, we would like to comment on previous findings
growth, interlayer diffusion across step edges to a lower tereoncerning the relation between changes observed in the
race must be present, resulting in a limited number of levelsPMA and the structure of the Co film. In Ref. 7, PMA was
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observed up to a Co coverage of approximately 4—6 ML atomic level, which would be needed as an input for theoret-
while at higher Co coverages it disappeared and instead ineal investigations to study the influence of vertical strain on
plane anisotropy was observed. In light of previous findingamagnetic properties, are unfortunately difficult to obtain for
from thin Pt/Co/Pt sandwich@€ a possible relationship be- the present system using a diffraction technique such as
tween the change of the magnetic properties at the interfadeEED due to the large unit cell of the moistructure. A
and the structure would be a change in the stacking from fconore suited technique for such a determination would be
to hcp with increasing Co coverage. However, in the presen8XRD due to the kinematical nature of x-ray diffraction.
investigation, we do not find any evidence for such a behav-

ior; instead we find, in this coverage regime, a change from V. SUMMARY

a 2D growth mode to a 3D growth mode.

Since the interface is expected to give a contribution to In summary, we have studied the evolution of the struc-
the magnetic anisotrop,the decrease of the PMA coincid- ture, growth, and morphology of thin Co films deposited at
ing with the appearance of a 3D growth mode may explairRT on Pt111) using STM. We have demonstrated that the
the SMOKE results. We speculate that the onset of the 3Dirst Co layer resides predominantly in the Pt fcc hollow
growth as observed in the present investigation may thusites. The strain in the Co layer is relieved by the formation
result in a reduced importance of the influence from the in-of dislocations resulting in smaller areas of Co in hcp sites,
terface on the observed magnetic anisotropy, i.e., the volumihe fcc and hcp areas being separated by Co in bridge sites.
anisotropy overcomes the Co/Pt interface anisotropy, conthe second Co layer is found to relieve the strain in the first
firming conclusions based on LEED and AES in Ref. 12.layer, resulting in the formation of a hexagonal mateuc-
Such a scenario is also consistent with the known importanctire, the Co in-plane lattice distance being close to that of
of the “sharpness” of the interfac¥. bulk Co. The moirestructure persists up to a Co coverage of

Further, a parameter which has been observed to influena least 5 ML. The growth appears to be smooth or 2D up to
the PMA is a change in the lattice constant in the out-of-a Co coverage of about 3.5 ML. Above this coverage a 3D
plane directiorf? In the present system, such a charige growth is observed. The Co layers in these triangular shaped
present in the Co layers with increasing Co coverage, sincislands are shown to be stacked in a predominantly twinned
the moirestructure exhibits a modulated out-of-plane latticefcc stacking.
distance at low Co coverages, which become less pro-
nounce(_j with increasing Co coverage as the Co rglaxes to its ACKNOWLEDGMENT
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