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Temperature-dependent formation and evolution of the interfacial dislocation network of Ag/Pt(111)
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We have investigated the formation of a dislocation network that develops at the interface of a Ag film on
Pt(111) and its evolution with film thickness at 600 K and above. This system is commonly considered to be
representative of a surface-confined alloy, and we have studied the structure and topography of the films’ surfaces
up to thicknesses of 35 ML using high-resolution low-energy electron diffraction. The network is formed during
the growth of the second layer and is fully developed already for films only a few layers thick. The spacing of
the network varies between 5.8 and 6.6 nm when grown at 600 and 800 K, respectively. This dependence on the
growth temperature is attributed to a temperature-dependent material mixing in the first (few) layers of the film.
This mixing is irreversibly set by the deposition temperature and even persists during prolonged annealing at a

temperature close to the desorption of Ag from Pt(111).
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I. INTRODUCTION

The heteroepitaxial growth of an ultrathin film results in
strain formation, which can be relieved via the formation
of well-ordered, periodic patterns [1,2]. The possibility to
tune the chemical and physical properties of such structures
offers a wide variety of applications ranging from growth
of self-assembled nanostructures [3—-5] to creating desired
catalytic properties of such structures [6]. The patterns of
these well-ordered nanotemplates are the result of self-
organization and depend on the intrinsic physical properties
of the substrate-adsorbate system. Self-organization provides
a viable alternative to lithography-like processes, especially if
a typical dimension of just a few tens of atoms is desired.
The periodicity of such structures can be controlled with
subnanometer accuracy using various parameters, such as
chemical composition, growth temperature, and the thickness
of the film [7].

A Ag film deposited on a Pt(111) surface [Ag/Pt(111)]
is a good example of a self-organized system, which can be
used as a nanotemplate. The Ag film is subject to isotropic
compressive stress due to the +4.12% lattice mismatch with
the underlying platinum substrate at room temperature. At
temperatures below about 500 K the first layer of silver
grows pseudomorphically on Pt(111). Upon heating, the film
becomes disordered [8] and forms a surface-confined alloy [9].
At growth temperatures above 500 K the completion of the
first layer is accompanied with a gradual dealloying. During
the growth of the second monolayer the stress is relieved by
the formation of a triangular dislocation network [10]. This
dislocation network in the second monolayer was interpreted in
terms of fcp and hep stacking regions, separated by repulsively
interacting dislocation lines. Recent experiments showed that
this model does not suffice [11,12]. In the revised description,
partial dislocations are created in the first monolayer at
fce-stacking sites, and both the first and the second monolayers
contain intermixed regions of Pt and Ag atoms. The third
layer was found to be almost perfectly hexagonal and contains
exclusively Ag atoms without stacking faults. However, the
buried defects in the first monolayer cause a spatial undulation
of the subsequent layers. Such a height undulation as a result
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of a dislocation network is very similar to observations of
the Ge/Si(111) system as reported by Horn-von Hoegen et al.
[13] using high-resolution electron diffraction. This technique
enables a detailed view of the average periodicity of the
dislocation network, which is still lacking for the frequently
studied Ag/Pt(111) system.

In this paper, we report on the investigation of the
Ag/Pt(111) system and show how undulated Ag layers with a
specific periodicity and symmetry of the buried dislocation
network evolve at various growth temperatures and film
thicknesses. We concentrate on film thicknesses above 3
monolayers (ML), a regime that has been hardly illuminated
so far. The growth of thicker films leads to an attenuation of
the surface undulation and thus a smoother surface. We also
focus on the order of both the distance between dislocation
lines and the effects of intermixing in the first few layers in
relation to the lateral variation of the composition.

II. EXPERIMENT

The experiments were conducted in an ultrahigh vacuum
chamber with a base pressure of 1 x 10~'° mbar. Diffraction
patterns were recorded with two complementary low-energy
electron diffraction (LEED) systems, a high-resolution Omi-
cron Spot Profile Analysis LEED (SPA-LEED) and an OCI
Vacuum Engineering multichannel plate LEED (MCP-LEED).
While the first system combines a high lateral resolution with
a high dynamic range for intensity measurements, the latter
allows us to record images at a video rate with a much
lower electron beam current density and recording of I-V
spectra. The system was further equipped with a residual gas
analyzer (Stanford Research RGA-200) and Auger electron
spectroscopy (AES).

The sample temperature of the Pt(111) crystal was mon-
itored with a K-type thermocouple. The thermocouple wires
were spot welded directly to the crystal with a dedicated YAG
laser, which resulted in a small and very stable welding contact.
Surface cleaning was done by prolonged repetitive cycles
of argon ion bombardment, annealing at 800 K in oxygen
at 2 x 1077 mbar, and subsequent flashing to 1300 K. This
resulted in a surface with a contamination level below the
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FIG. 1. The normalized height of the (00) spot during deposition
of silver at 600 K. The data were taken with 338-eV electrons.

sensitivity of AES and a surface that exhibits a sharp LEED
pattern. The full width at half maximum (FWHM) of the (00)
spot was about 0.3% of the Brillouin zone (BZ). Corrected for
the instrument function, this reflects an average surface terrace
width of about 94 nm.

Silver was deposited with an Omicron EFM-3 evaporator
from a molybdenum crucible. The evaporator was mounted at
an angle of 55° with respect to the SPA-LEED sample axis. For
in situ monitoring of the (00) LEED spot during deposition,
the SPA-LEED was retracted and positioned at a distance of
56 mm between the sample and the front plate of SPA-LEED.
All diffraction patterns presented in this work were recorded
after deposition of silver at an elevated temperature (i.e., 600
or 800 K), followed by cooling down to 100 K.

The silver deposition rate was calibrated by tracking the
evolution of the (00) spot height, measured at an energy of
338 eV during the deposition of Ag on a Pt(111) surface at
600 K. An example is shown in Fig. 1. Similar to the height
characteristics obtained in thermal energy atom scattering
(TEAS) experiments [8], we can observe an initial decay
of the (00) spot height caused by the formation of silver
clusters embedded in the platinum layer at a coverage <0.5 ML
and platinum clusters embedded in the silver layer at higher
coverages [14]. The increase of the height of the (00) spot after
35 min indicates an increase of the order due to coalescence
and growth of the islands during the completion of the first,
pseudomorphic silver layer. The maximum intensity after
47 min is assumed to correspond to the completion of the
monolayer [15] and is used to calibrate the Ag evaporation rate.

III. RESULTS AND DISCUSSION

A. Mechanism of satellite spot formation

Figure 2 shows an electron diffraction pattern of a 5-ML Ag
film deposited on a Pt(111) surface at 800 K. The first-order
diffraction spots of the clean Pt(111) surface are surrounded
by satellite spots, as shown in the inset in Fig. 2. This feature
was also observed with thermal energy helium atom scattering
[16]. As thermal energy helium atoms are not very sensitive
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FIG. 2. A 144-eV MCP-LEED pattern after deposition of 5-ML
silver on Pt(111) at 800 K. The inset is an enlargement of the (10)
spot. The electron gun blocks the view of the (00) spot.

to in-plane or subsurface features, we conclude that these
features can be attributed to height undulations. Such a set
of satellite peaks was also observed for several other systems,
among which are Fe/W(110), Ge/Si(111), Bi(111)/Si(001),
Ag(111)/Si(111), Co/Pd(111), etc. [17-21]. The lattice mis-
match between the film and the substrate induces stress in the
first few layers of the film for these material combinations.
This stress is relieved through the creation of well-ordered
dislocation arrays with features related to symmetry, stacking,
and periodicity, which depend on the lattice mismatch, film
thickness, deposition temperature, and substrate orientation.
Beyond the first monolayer, the dislocations at the film-
substrate interface cause a periodic height undulation, which
persists up to the topmost layer and decreases with increasing
film thickness.

At first glance, the Ag/Pt(111) is very similar to the
Ge/Si(111) system. The lattice mismatch in both cases is
+4.2%, and both show a triangular dislocation network which
exhibits a similar evolution of the network symmetry with
increasing coverage. Therefore, the analysis of the LEED
spectra developed for the Ge/Si(111) system by Horn von
Hoegen et al. [22] will be used to describe the Ag/Pt(111)
system.

B. Formation of the dislocation network at low coverage

In Fig. 3 we present two series of diffraction features
centered around the (10) spot for film thicknesses as indicated,
recorded at 600 K [shown in Fig. 3(a)] and 800 K [shown
in Fig. 3(b)]. At 1 ML we observe a single diffraction spot at
both temperatures, whose position in the BZ corresponds to the
lattice constant of the clean Pt(111) surface. The fact that we do
not observe any additional features in the diffraction patterns,
including those taken at different electron energies indicates
that the film is pseudomorphic at 1 ML. As we increase the
coverage further to 1.2 ML, very weak and rather diffuse satel-
lite spots emerge around the integer-order spots at a distance
that relates to the lattice mismatch of the two materials. The
intensity of these spots increases with coverage, although they
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FIG. 3. Series of the (10) spot and its environment after deposition of several amounts of silver, expressed in monolayers, on Pt(111) at (a)
600 K and (b) 800 K. The intensity of the spots is normalized and presented on a logarithmic scale. The energy of the electron beam is 334 and
342 eV at 600 and 800 K, respectively. The x and y axes are expressed as percentage of the BZ calibrated to a clean Pt(111). The origin does

not coincide with the absolute (10) spot position for clean Pt(111).

are still very weak and substantially broader compared to the
clean Pt Bragg spot. This limits the precision with which the
separation between the spots can be determined. An approx-
imate value of this distance is 3.4%-3.8% of the BZ. This
implies a periodicity of the dislocation network of 6.3—7.0 nm.

The satellite spots indicate the presence of a periodic
height undulation on the surface. From this we conclude
that the formation of the dislocation network coincides with
the formation of the second monolayer. This confirms the
current model that states that during the deposition of this
second layer the compressive strain in the first monolayer is
released through realloying of the Ag with Pt and stacking
faults [11]. An optimal recording of the satellite spots at a
deposition temperature of 600 and 800 K was obtained at
slightly different energies, 334 eV in Fig. 3(a) and 342 eV in
Fig. 3(b), respectively. Figure 3(b) also shows very weak lines
crossing the main spot at 800 K for a coverage between 1.2
and 1.6 ML. From these two observations, we conclude that
the two series of spots recorded at 600 and 800 K originate
from a different dislocation network. This is in agreement with
scanning tunneling microscopy (STM) measurements carried
out at 600 and 800 K, where hexagonal and triangular networks
were observed, respectively [23].

C. Dislocation networks at 600 and 800 K: Smoothening
of the surface

The evolution of the surface height undulation beyond
2-ML film thickness is displayed in Fig. 4. At 2 ML, the most
intense spot corresponds to the first-order diffraction from
the Pt(111) surface. This spot is significantly attenuated for
a 5-ML-thick film [see Fig. 4(b)]. At the same time, the spot
at the central position in Fig. 4(b), which is separated from
the Pt(111) spot by about 4% of the BZ, gains intensity at the
expense of the Pt(10) spot. The position of this central spot
corresponds to the lateral lattice parameter of the Ag film. The

intensity of the surrounding satellite spots has significantly
increased, and even third-order satellite spots are observed.
A series of linear profiles through the Pt(10) and the Ag(10)
spots recorded at different coverages is shown in Fig. 5.

With a further increase of film thickness the intensity of
the satellites spots compared to the Ag(111) spot decreases,
and the spots are no longer distinguishable for films thicker
than 20 ML [see Fig. 4(i)]. Since the elastic mean free path of
334-eV electrons is only about 4 layers (i.e., only 2 back
and forth), direct contributions from the interface can safely
be ignored beyond film thicknesses of 8 layers. We relate
the gradual decline of the satellite spots to the continuous
smoothening of the surface, i.e., through an attenuation of the
height undulation. This is a natural consequence of the increas-
ing distance between the exposed surface and the dislocations
residing at the buried interface. However, the presence of weak
satellite spots indicates that the formation of an undulation-free
Ag(111) surface on Pt requires a much higher coverage. We
observe similar trends for the network formed at 800 K, where
even at 36 ML the satellite spots are still visible.

D. Dislocation networks at 600 and 800 K: Relaxation

The (10) spot clearly shows a shift in peak intensity from
the Pt Bragg peak to that of the Ag film. The symmetry of
the network can be better observed near the specular spot, as
shown in Figs. 6 and 7, which show diffraction patterns around
the (00) spot, recorded for various coverages at 600 and 800 K,
respectively. For a comparison of the surface morphology we
have used a number of distinct coverages and an electron
energy of 334 eV for both temperatures. Like the (10) spot
recorded at 600 K (see Fig. 4), the intensity of the satellite spots
surrounding the specular beam is attenuated with increasing
coverage for both temperatures. However, very weak satellite
spots are still visible up to coverages as high as 26 and 35 ML
at 600 and 800 K, respectively.
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FIG. 4. (Color online) Series of (10) spot patterns after deposition of silver on Pt(111) at 600 K. The intensity of the spots is normalized
with respect to the maximum value and presented on a logarithmic scale. The energy of the electron is 334 eV. The x and y axes are expressed
as the percentage of the BZ calibrated to a clean Pt(111). The origin does not coincide with the absolute (10) spot position for clean Pt(111).

An important parameter that describes the dislocation
network is the distance between dislocation lines, which can
be extracted from the separation of the satellite spots in the
diffraction pattern. Figure 8 shows a plot of this separation
between the satellite spots in units of the BZ vs Ag coverage at
temperatures of 600 and 800 K. At 2-ML coverage, the separa-
tion of the satellite spots is 3.76% and 3.58% of the BZ at 600
and 800 K, respectively, which increases to 4.15% and 3.65%,
respectively, for a 5-ML film (5.9 and 6.5 nm in real space). For
films thicker than 5 ML we observe only a slight decrease of the
separation between the satellite spots. This trend indicates that
the dislocation network relaxes in the first few monolayers. For
the fully relaxed bulk lattice, the value of the lattice mismatch
at 100 Kis 4.00%. It is remarkable that this value is approached
closely for the 600 K data in view of the different thermal
expansion coefficients of Pt and Ag. The 800 K data show a
slightly smaller distance between the satellite spots. The latter
is attributed to a remaining and persistent minor mixing of Ag

and Pt at the interface that strongly influences the geometry,
i.e., the spacing of the dislocation network.

Figure 9 shows the variation of the (00) spot height recorded
during deposition of Ag at 800 K. It can clearly be seen that
the recorded curve has a different shape than the one recorded
at 600 K in Fig. 1. This is attributed to the higher level of
intermixing of the Ag and Pt at 800 K, which drives the
formation of the dislocation network during the growth of the
second monolayer. The different symmetries in the diffraction
patterns observed at 600 and 800 K are thus attributed to
different levels of intermixing of Ag and Pt in the first two
layers. This is consistent with the similar conclusion reached
by Schuster et al. [24], who showed with STM that the degree
of the Ag and Pt intermixing varies strongly in the temperature
range from 550 to 900 K. They reported that this influences
the morphology of the surface.

We emphasize that the dislocation network appears to be
fully developed after deposition of only a few monolayers at a
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FIG. 5. Series of linear profiles through the (10) spot in the (10)
direction for silver deposited at 600 K. The height of the spots is
normalized with respect to the Ag(111) spot and is presented on a
logarithmic scale. The x axis of the plot is calibrated to the BZ of
Pt(111).

given growth temperature. This is further supported by Fig. 10,
which shows the diffraction pattern around the specular beam
after deposition of 14 ML of Ag at 600 K, followed by a
prolonged heating at 800 K, which is below the desorption
temperature (~900 K) of films thicker than 1 ML [25-27].
The obtained pattern continues to bear the characteristic length
scale and symmetry of the as-grown 600 K film. This clearly
demonstrates that the length scale of the dislocation network
is set already in the first few layers and is not affected by
prolonged annealing at a 200 K higher temperature.

E. Symmetry of the network

The two series of (00) spot patterns, presented in Figs. 6
and 7, demonstrate a different symmetry of the networks from
the relative intensities of the satellite spots. In an attempt
to interpret these differences we seek guidance from, in
particular, Fig. 11 of Ref. [22]. In that paper the authors
describe results obtained for the Ge/Si(111) system, which
is distinctly similar to the current Ag/Pt(111) system. In
short, any conclusion about the symmetry of the patterns
requires caution. For thick layers, with a small amplitude
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of the undulation, only weak first-order Fourier components
are left, leading to a hexagonal shape of the satellite pattern.
Indeed, hexagonal structures in the diffuse background are
observed at high coverage, both at 600 and 800 K in Figs. 6
and 7. Firm conclusions on the symmetry of the satellite
pattern can only be drawn by considering also the intensities
of second- and higher-order satellite peaks. Accordingly, we
cautiously conclude from Fig. 6 that the films grown at 600 K
show hexagonal symmetry. Figure 11 of Ref. [22] also shows
that threefold symmetry remains visible if the second-order
satellite peaks still carry substantial intensity. On this basis we
conclude from the satellite pattern displayed in our Fig. 7 that
thinner films grown at 800 K clearly show threefold symmetry.
It seems that in the thickness range of 23-29 ML the films
transform from threefold into sixfold symmetry. Note that
in these cases the second-order satellites still carry sufficient
intensity to support this conclusion.

The observed symmetry of the diffraction patterns agrees
with the two types of height undulation networks at 2 ML
observed previously with scanning tunneling microscopy [23].
For the Ge/Si system these diffraction patterns were explained
with a dislocation network [22] as sketched in Fig. 12. Two sets
of domain walls for this dislocation network are rotated with
respect to each other by 120°. The third set is also rotated by
120° but with some offset with respect to the crossing point of
the other two domains. For a nonzero offset, the domain walls
do not cross at this same point, and the network is composed of
triangular and rhombic areas. In this situation the dislocation
network has a threefold symmetry, as shown in Fig. 12(a).
However, when the offset is zero, the three domain walls cross
at one point, which results in a sixfold-symmetry network
[Fig. 12(b)], and the diffraction pattern will also show a sixfold
symmetry. A detailed description of this network model can
be found in [22].

The observed diffraction patterns for thicker Ag layers
on Pt(111) are rationalized as a the gradual evolution of
undulations of the surface, initiated by a dislocation network
in the second layer, which continues to reside at the interface.
The third and consecutive layers cover this network, which
causes undulations in the three directions of the higher layers.
Although the appearance in reciprocal space is similar to the
one observed on Ge/Si, the evolution is different. As for the
explanation for the Ge/Si case, the three undulations can either
match to give a sixfold symmetry or have an offset leading to
the observation of a threefold pattern (see Fig. 12). The un-
dulations are the result of strain fields connected to the buried
dislocations. These strain fields interact repulsively, which
causes a natural tendency to favor a better ordered hexagonal
symmetry for thicker films on Pt(111). We consider this to
be the driving force for the gradual change from threefold to
sixfold symmetry in the thicker films grown at 800 K.

F. (Dis)order in the network

A closer inspection of the line profiles in Fig. 11 suggests
that the FWHM of the satellite peaks depends on their order.
The FWHM appears to increase with increasing distance of
the satellites from the specular beam. A similar observation
is made for the satellites surrounding the (10) order peak,
as illustrated by the line profiles in Fig. 5. The same feature
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FIG. 6. (Color online) Series of (00) spot patterns after deposition of silver films, with different thicknesses as indicated, on Pt(111) at
600 K. The intensity of the spots is normalized with respect to the height of the specular spot and is presented on a logarithmic scale. The energy
of the electrons is 334 eV. The x and y axes of the diffraction patterns are expressed as the percentage of BZ calibrated to a clean Pt(111).

was reported for Ge/Si(111) and was discussed in great detail
in Ref. [28]. Horn-von-Hoegen and Henzler demonstrated
that this broadening is caused by disorder in the dislocation
network. For a simple Markov-type distribution of the distance
between the dislocation lines they showed that the FWHM of
the satellites should depend on the distance from the host
integer peak in a parabolic fashion. Figure 13(a) shows our
results for an 8-layer-thick film grown at 800 K and an
8-layer-thick film grown at 600 K. Note that the specular
beam is included in the data set since the broadening due to
instrumental factors and those due to effects of perpendicular
wave vector changes are identical to a very good degree. The
800 K data show a very convincing parabolic relationship
between the FWHM of the satellites as a function of the
corresponding Akj:

FWHM = A + BAK]. 1))

From the fit parameters obtained for the 800 K film we
obtain A = 0.0035 and B = 1.36. The B parameter leads to a
standard deviation of 9.4 u.c., with u.c. being the unit cell of
the Pt surface. The corresponding mean value of the distance
between dislocation lines equals 27.5 u.c. (see Fig. 8). These
values are again very similar to those obtained for Ge/Si(111)
[28]. The 600 K results are A = 0.0075 and B = 2.45. For the
film grown at 600 K we thus obtain (see Fig. 8) a mean distance
of 24.5 u.c. and a standard deviation of 16.8 u.c. The disorder
in the 600 K film is substantially higher than that of the 800 K
film. The width of the specular beam is, except for the terrace
width distribution of the substrate and instrumental factors,
determined by the corrugation of the surface. This hints at a
higher amplitude of the undulations at 600 K.

In agreement with Ref. [28] we find a reduction of the
width of the first-order satellite peaks surrounding the specular
spot with increasing film thickness, as shown in Fig. 13(b).
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FIG. 7. (Color online) Series of (00) spot patterns after deposition of silver films, with different thicknesses as indicated, on Pt(111) at
800 K. The intensity of the spots is normalized with respect to the height of the specular spot and is presented on a logarithmic scale. The
energy of the electrons is 334 eV. The x and y axes of the diffraction patterns are the percentage of BZ calibrated to a clean Pt(111).

This reflects the increased order of the distance between the
dislocation lines with increasing film thickness. Note that
again the major effect occurs in the first few ML. This reflects
the increasing repulsive interactions between the strain fields
of the dislocations. Note that an increased reduction of the
FWHM sets in above 25 ML. We attribute this to increased

ordering in the transition from threefold to sixfold symmetry,
as discussed above.

As mentioned further above, we believe that partial inter-
mixing near the interface plays a role in the distance between
the dislocations. In agreement with Refs. [11,12] we see
that the dislocations separate the fcc and hcp domains. The
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FIG. 8. (Color online) Distance between satellite spots for depo-
sition of silver films at 600 and 800 K as a function of film thickness.

results are partial Shockley dislocations with (1,1, —2)/6
type Burgers vectors. The strain fields are inhomogeneous
[29], and therefore, one may also expect inhomogeneous
local concentrations of Pt in the Ag matrix near the surface.
This would result in lateral variations of the nearest-neighbor
distances and thus a broadening of the (10) diffraction peak.
Note that the width of the specular spot will not be affected.
The resulting FWHMs of both peaks as a function of film
thickness are shown in Fig. 13(c).

For the 2-ML-thick film the FWHM of the specular beam
is determined by the instrumental width, the terrace width
distribution of the substrate, and the unknown amplitude
of the undulation of the film’s surface. The overwhelming
broadening at high film thicknesses is due to multilayer growth,
characteristic of Ag(111) homoepitaxy [30,31]. The effect
is about 10% smaller for the (10) peak due to the finite
in-plane wave vector change and thus the smaller change
of the perpendicular wave vector compared to that of the
(00) peak. This explains why the width of the (10) peak

(00) spot
T=800K
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FIG. 9. The normalized height of the (00) spot during deposition
of silver at 800 K. The data were taken with 338-eV electrons.
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12% 6% 0% 6% 12%

FIG. 10. (Color online) The (00) spot pattern after deposition of
14 ML of Ag on Pt(111) at 600 K, followed by prolonged annealing
at 800 K. The energy of the electrons is 334 eV. The x and y axes of
the diffraction patterns are the percentage of BZ calibrated to clean
Pt(111).

eventually dives underneath that of the specular beam. The
specular beam is not affected by uncertainties Aa in the
nearest-neighbor distances a due to intermixing of Pt and
Ag. The first-order beam is subject to the same broadening
factors, and also variation of the nearest-neighbor distances Aa
contributes to its width. Its higher initial FWHM is attributed
to finite Aa values due to intermixing near the interface. We

T=800 K (00) spot
334 eV
B 35ML
L 32 ML
| 29 ML
26 ML
= 26 ML
23 ML L
~ 23 ML
2
= 20 ML L
C = 20 ML
i)
= 17 ML -
17 ML
14 ML -
14 ML
11 ML -
11 ML
8 ML .
L 8 ML
5ML r ML
2 ML 2 ML
Lot Livie Livii Leviin Lond Lo T T T Lo Lo

-0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15
BZ BZ

FIG. 11. (Color online) (a) Set of profiles of the (00) spot after
deposition of various amounts of silver on Pt(111) at 800 K.
(b) Diffraction pattern of the (00) spot after deposition of 8 ML
of silver at 800 K; the arrow indicates the direction of the profiles. (c)
Set of profiles of the (00) spot after deposition of various amounts of
silver on Pt(111) at 600 K. The intensities are plotted on a logarithmic
scale, and the data for the various thicknesses have been shifted by
an order of magnitude for clarity.
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FIG. 12. (a) The arrangement of dislocation lines which forms a
network with threefold symmetry. (b) For thicker films the network
shows sixfold symmetry due to crossing of the domain walls in one
point.
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estimate the Aa/a value for the 2-ML-thick film at 2%-2.5%.
This relatively large number, in view of the overall misfit
(3.6%; see Fig. 13), is in line with the heterogeneity of the
composition along the interface. This heterogeneity disappears
rapidly with increasing film thickness. With increasing film
thickness the FWHM of the first-order peak even decreases,
which is against the trend caused by multilayer growth. This
effect is attributed to a decreasing intermixing and thus smaller
Aa in higher layers of the film. We estimate in view of
the inelastic mean free path of 334 eV that the intermixing
is limited to only the first few layers, counted from the
interface.

IV. CONCLUSIONS

We have studied the topography, structure, and composition
of Ag films grown on Pt(111) at high temperatures by means
of high-resolution electron diffraction. We pay attention to
relatively thick films up to 35 ML, a range not investigated
in any depth so far, and have studied films grown at 600
and 800 K. These specific temperatures cover the temperature
window limited by alloy formation and the desorption of multi-
layer Ag from Pt(111). The obtained diffraction patterns show
the development of satellite spots around integer-order spots.
These satellite spots reveal a periodic surface height undulation
which originates from a buried dislocation network at the Ag/Pt
interface. We confirm the formation of a dislocation network
situated at the interface which emerges during deposition of the
second monolayer. Remarkably, the mean distance between
the dislocation lines depends on temperature and does vary
from the expected values based on the bulk lattice mismatch.
This is attributed to intermixing near the interface, which
causes self-organized lattice matching extending over only
a few layers. We also noted that the dislocation network is
formed at the growth temperature, and extended annealing at
a substantially higher temperature does not lead to significant
changes. The degree of intermixing varies along the interface,
probably depending on the distance from the dislocation lines.

Due to the propagation of surface height undulations
through the silver films the satellite spots are visible up to
coverages of 26 and 35 ML at 600 and 800 K, respectively.
For the 800 K film the satellite patterns initially exhibit

PHYSICAL REVIEW B 89, 235402 (2014)
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FIG. 13. (Color online) (a) The FWHM of the satellite spots vs
their distance from the specular spot for the 8-layer-thick films grown
at 800 K and the same for the 8-layer-thick film grown at 600 K. The
curves are fits of the data to Eq. (1) with A = 0.0075 and 0.0035
and B = 2.438 and 1.363 for the 600 and 800 K films, respectively.
(b) The width of the first-order satellites near the specular spot vs
coverage for films grown at 800 K. (c) The FWHM of the specular
beam and that of the (10) beam as a function of the film thickness.
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a threefold symmetry which seems to transform into a
sixfold symmetry for thicker films. This is attributed to
repulsion between the strain fields originating from the buried
dislocations.
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