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Inﬂuence of substrate morphology on organic layer growth:
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Abstract
By UV-excited photoelectron emission microscopy (UV-PEEM) we investigated the microscopic growth behavior of organic thin
ﬁlms using 3,4,9,10-perylene-tetracarboxylicacid dianhydride (PTCDA) on a Ag(1 1 1) single crystal substrate as example. Direct, real
time observation allows to correlate the initial growth modes and the related kinetic parameters with substrate properties like terrace
width, step density, and step bunches from the submonolayer range up to 5 layers or more. Above room temperature PTCDA grows
in a Stranski–Krastanov fashion: after completion of the ﬁrst two stable layers three-dimensional islands are formed. The nucleation
density strongly depends on the temperature and the substrate morphology thus aﬀecting the properties of the organic ﬁlm.
 2006 Elsevier B.V. All rights reserved.
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1. Introduction
The electrical and optical properties of organic ﬁlms
strongly depend on their structural and morphological
properties. Ideal epitaxial growth resulting in perfect,
nearly defect-free ﬁlms requires optimum conditions [1].
This is particularly diﬃcult in the heteroepitaxy of very different materials like, e.g., organic–inorganic heterostructures [2,3]. The problem with the preparation of such
systems lies in the nature of the involved substances.
Whereas the structural periodicity in inorganic compounds
is on the scale of few Ångström, the dimensions of organic
unit cells are usually in the range of nanometers. In addition, the anisotropic shape and intermolecular interaction,
the very diﬀerent thermal expansion coeﬃcients, and the
(partly excited) internal degrees of freedom, e.g., the soft
vibrational and phonon modes, of condensed molecules
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may result in diﬀerent structural modiﬁcations (polymorphoism) in the condensed phase and in unexpected growth
behavior. Thus, imperfections at the interface which may
extend into the growing ﬁlm are foreseeable.
In the rapidly growing ﬁeld of molecular electronics these
organic–inorganic hybrid systems play an extremely important role, for instance in organic ﬁeld-eﬀect transistors, lightemitting devices, transponders, and solar cells. Structural
imperfections may very negatively aﬀect the performance
of such devices. This is for instance true for the charge carrier
injection at the interface and for the carrier mobility within
the ﬁlm which is hindered by traps and scattering at grain
boundaries and defects as well as by the hopping barriers
between non-equivalent neighboring molecules. Moreover,
the optical properties may suﬀer from imperfections causing
non-radiative decay channels, traps, and scattering centers
for exciton transport, and they may change by varying
molecular orientation, geometric structure, and ﬁlm morphology as a function of organic ﬁlm preparation [4].
The structural imperfections within a thin ﬁlm which
aﬀect its quality and properties arise from the dynamical
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growth behavior and from the properties of the interface. It
is of course known from many studies of inorganic materials that imperfections of the underlying substrate may deteriorate the growth and structural properties of the ﬁlm.
However, the details and the extent of the inﬂuence of
the substrate surface quality on organic layer growth have
not been systematically investigated so far, and very few
experimental results are yet available. In this paper, we particularly address the inﬂuence of the substrate on the initial
growth of an epitaxial organic ﬁlm. Emphasis is placed on
the inﬂuence of the morphological properties of the metal
substrate, in particular the eﬀect of steps and step bunches
on the growth behavior. The variation of the substrate temperature during adsorption of the molecules is another
important parameter which directly aﬀects the mobility
and hence the growth behavior of the molecules.
For our investigation we have chosen the well-known
model system 3,4,9,10-perylene-tetracarboxylicacid dianhydride (PTCDA) on a crystalline Ag(1 1 1) substrate. Due to
the small (<2%) lattice mismatch between the (1 0 2) plane of
the b-modiﬁcation of the PTCDA single crystal and the
commensurate superstructure of the PTCDA monolayer
on the Ag(1 1 1) substrate, PTCDA can grow in a quasi-epitaxial manner [5]. In order to directly correlate the ﬁlm
properties with microscopic properties of the substrate we
use photoelectron emission microscopy (PEEM), which is
ideally suited to monitor in situ the properties of the substrate and the organic ﬁlm during deposition of the molecules as already shown for a diﬀerent organic system,
pentacene on SiO2 [6]. Monitoring the involved processes
directly and in real time allows to observe metastable intermediate states and to extract kinetic parameters of the ﬁlm
at every growth state and to correlate them to mesoscopic
distortions of the substrate surface.
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changed upon further PTCDA deposition [10]) thus reducing the substrate emission by cutting oﬀ some fraction, (jj)
it further reduces the substrate emission by elastic and
inelastic scattering of the emitted substrate electrons (attenuation), and (jjj) it opens a new emission channel right
below the Fermi level which arises from the hybridization
(and partial ﬁlling) of the lowest unoccupied molecular
level (LUMO) of PTCDA with the s-states of Ag [10].
Apparently, (j) and (jj) are the dominating inﬂuences on
the PEEM contrast, as the ﬁrst layer leads to a considerable reduction of the emission. The (intensity increasing)
eﬀect of (jjj) is apparently small which is most likely due
to a low photoemission cross section in this photon energy
range.
For the second and higher layers only contribution (jj) is
applicable as the work function remains unchanged for
these layers (j), and there is no occupied molecular orbital
near the Fermi edge (jjj). For the second and thicker
PTCDA layers the highest occupied molecular orbital
(HOMO) has a binding energy of 2 eV [10] and hence cannot lead to photoemission using photons of hm = 4.9 eV
taking the 4.9 eV work function into account. Thus, as seen
in Figs. 1 and 2, the contrast of the diﬀerent layers above
the ﬁrst layer is exclusively due to attenuation eﬀects: most
photoelectrons are excited in the Ag substrate and have to
surpass the organic layers; due to scattering eﬀects their
intensity is almost exponentially attenuated by these layers.
This monotonic decrease of the substrate intensity enables
the identiﬁcation of the local thickness up to about 8 layers

2. Experimental
The photoelectron emission microscope (PEEM) used
for the experiments was an intermediate setup of the
energy-ﬁltered and aberration-corrected SMART spectromicroscope [7,8], installed at the soft X-ray synchrotron
radiation source BESSY-II (Berlin, Germany). This instrument enables a comprehensive in situ surface and thin ﬁlm
characterization in real-time by microscopic imaging, diffraction, and spectroscopy of photo-emitted and/or
reﬂected electrons [9].
In the present study a mercury short arc lamp (Hg-lamp)
was used as photon source (hm = 4.9 eV) for photoelectron
excitation. In the case of a metal surface the intensity of the
PEEM image and the image contrast are determined by
two parameters: (i) the local work function; and (ii) the
density of states (DOS) near the Fermi level. Since the
clean Ag(1 1 1) surface has a work function U of 4.8 eV it
appears bright in PEEM images.
The deposition of the ﬁrst monolayer of PTCDA
changes the PEEM intensity by three contributions: (j) it
increases the work function to 4.9 eV (which is hardly

Fig. 1. In situ observation of the PTCDA growth on a Ag(1 1 1) surface at
378 K. The UV-PEEM images (a)–(d) show the identical area on the
surface for the nominal coverages of 0.25, 1.05, 2.05, and 5 ML. The ﬁeld
of view is 23 lm · 23 lm. Only the intensity of image (a) was rescaled to
optimize the contrast. The islands with the thickest PTCDA layer appear
always darker than the surrounding. The labels 0, 1, 2, 3, and 3d indicate
the pure substrate, the ﬁrst to third layer, and the 3d-islands.
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rate about 20 K/min). This resulted in a clean (checked
by XPS) and rather smooth surface. After several adsorption and cleaning cycles, however, the initially nearly regularly stepped surface was changed and decayed in an
alternating sequence of micrometer wide smooth areas with
a low density of single atomic steps (as seen in subsequent
LEEM experiments [11]) and of rough areas with high step
density leading to step bunches (>5 step bunches/lm2). It is
emphasized that we carefully veriﬁed that neither the high
electric ﬁeld at the sample nor the intense UV illumination
aﬀected the sample or the organic overlayer, i.e., no radiation damage or ﬁeld eﬀect inﬂuenced our ﬁndings.
3. Results and interpretation
3.1. Real-time observation of organic ﬁlm growth

Fig. 2. PEEM images of the PTCDA growth on a Ag(1 1 1) surface at
diﬀerent substrate temperatures: images (a,b): T = 320 K, images (c,d):
T = 403 K. For each temperature two images from a sequence of 300
images were selected for a nominal coverage of 0.25 ML (a,c) and 5 ML
(b,d), respectively. The ﬁeld of view is 23 lm · 23 lm (a–c) and
46 lm · 46 lm (d), respectively. For the identiﬁcation of the layers refer
to Fig. 1. The ellipses in (a) mark high (dashed lines) and low (solid line)
step density regions. The marked area in (d) corresponds to the entire area
of (c).

which is a remarkable ﬁnding and very useful for studying
layer growth.
For the in situ preparation of PTCDA ﬁlms a Knudsen
cell type evaporator was installed pointing towards the
sample under a grazing incidence angle of 20. The organic
material was cleaned before deposition by cycles of in vacuum re-sublimation. The deposition rate was chosen as
about 0.2 ML/min in all experiments. This rate was optimized for the recording speed available at the time of the
experiments. One layer (1 ML) is deﬁned as the deposited
amount required to saturate the ﬁrst PTCDA layer on
the Ag(1 1 1) surface at about 330 K, for which temperature
desorption can be neglected. The sample was heated from
the back side by irradiation from a heated ﬁlament for
T < 650 K or by electron bombardment for T > 650 K.
The temperature was measured with a W/WRe 26–5%
thermocouple with an absolute accuracy of about 10 K at
400 K and a relative accuracy of 1 K. During deposition
the substrate temperature was kept constant within 1 K.
The base pressure of the microscope was below 3 ·
1010 mbar.
The orientation of the Ag (1 1 1) single crystal surface
deviated about 0.2 from the ideal orientation, corresponding to an average atomic step distance of about 70 nm.
After mechanical and chemical polishing the sample was
cleaned in vacuum by several cycles of Argon ion sputtering at 600 eV and subsequent annealing at 750 K (heating

The four PEEM images of Fig. 1 show the PTCDA
growth on a Ag(1 1 1) surface at a substrate temperature
of 378 K. These images were selected from a sequence of
images recorded in real-time during deposition (acquisition
time: 4 s per image with 2 s dead time corresponding to
about 50 images per monolayer). The image contrast of
the PTCDA layer is due to the above mentioned diﬀerences
in electron emission intensity (due to work function change
and attenuation). The selected surface area consists of a ﬂat
region in the center of the images and areas of high step
density (step bunches) in their upper and lower part. At
0.25 ML coverage (Fig. 1a) the step bunches in the rough
surface areas appear as dark lines. This contrast is due to
the decoration of steps by PTCDA molecules during the
very initial growth of the ﬁrst layer (below 0.04 ML) which
is often termed inhomogeneous nucleation. This ﬁnding is
in agreement with that of a previous STM investigation
[5] which also indicated that steps may be attractive to
the nucleation of PTCDA islands on the clean Ag(1 1 1)
surface while they appear to be repulsive on Ag(1 1 0).
From the present data, we can derive that at least not all
substrate steps act as nucleation centers, because of the
temperature dependence discussed below, but we cannot
exclude that some islands start to grow at steps. As soon
as the surface is fully covered with PTCDA (Fig. 1b–d),
the step bunches appear bright as for the clean Ag(1 1 1)
surface, because the work function at the steps is smaller
than on the terraces, apparently also with adsorbed
monolayer.
As clearly seen in the recorded movie, the ﬁrst two
PTCDA layers grow in an ideal layer-by-layer fashion
(which is only indirectly seen in the selected snapshots of
Fig. 1). Fig. 1(a)–(c) show the nucleation of the ﬁrst three
layers for nominal coverages of 0.25, 1.05, and 2.05 ML.
The topmost PTCDA layer appears always dark in the
(rescaled) images. The nucleation of the second and the
third layer starts only after the layer underneath is fully
completed. For the third layer, however, there is a competition of layer growth and 3D island formation. Thus,
before the third layer is completed 3D islands (black in
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Fig. 1d) are formed (second and third layer appear light
and dark grey, respectively). From our growth studies at
diﬀerent substrate temperatures, it is derived that this type
of Stranski–Krastanov growth (2 stable layers, then 3Disland formation) always occurs for temperatures slightly
above room temperature [12].
In the following, we focus on the nucleation site and
nucleation density for the diﬀerent layers. It is remarkable
that the positions of the nucleation sites diﬀer from image
to image, indicating that the nucleation sites are not determined by spot-wise modiﬁcations of the surface morphology or by grains of contamination. Nevertheless, the
substrate morphology does inﬂuence the nucleation. There
is a diﬀerence of the nucleation densities in rough and ﬂat
areas of the substrate which is most obvious in the low coverage range (Fig. 1a). In the rough area, the average size of
the two-dimensional (2D) islands is signiﬁcantly smaller
than that in the smooth area (center) but their density is
signiﬁcantly higher. Moreover, the large 2D islands are
mainly formed at the rim of the smooth area close to step
bunches. At higher coverages (Fig. 1b–d) the overall nucleation density decreases and the island size increases.

pare Fig. 1a and d) ﬁt in between. Note, that at 403 K the
3D nucleation density is so low, that the ﬁeld of view had
to be enlarged for the 5 ML coverage (Fig. 2d). The 0.25
ML images show an inﬂuence of the surface morphology
for both temperatures. In Fig. 2a the smooth and rough
areas are highlighted by solid and dashed lines, respectively. In the smooth area the 2D islands are considerably
larger than in the rough areas, their density, however, is
lower conﬁrming the observation at 378 K (Fig. 1).
At 403 K the 2D islands of the ﬁrst layer prefer nucleation sites near step bunches (Fig. 2c). The same is true
for the 3D islands at 403 K (Fig. 2d). At 320 K the density
of 3D islands is higher, so that nucleation also occurs on
the smooth area between the step bunches. Beside the 3D
islands (black in Fig. 2b) are areas which are up to ﬁve layers thick, which can be derived from the diﬀerent grey levels. At this temperature the growth mode transfers from
Stranski–Krastanov to quasi Frank–van der Merwe
growth [13–15].

3.2. Temperature dependence

The real-time observation of the PTCDA growth was
repeated for diﬀerent temperatures. At speciﬁc coverages
(0.25, 1.05 and 5 ML) we analyzed the nucleation density
for the ﬁrst and second layers and for the 3D islands. In
Fig. 3 the nucleation densities are plotted on a logarithmic
scale versus 1/T (Arrhenius-plot) for these coverages. The
open and solid symbols distinguish between rough and
smooth substrate areas, respectively, as indicated in the
inset of Fig. 3a. For the ﬁrst and second layer the analysis
was done in a ﬁeld of view of 23 · 23 lm2 (corresponding
to the magniﬁcation of the real-time observation). The density of the 3D islands was determined at a lower magniﬁcation (ﬁeld of view: 46 · 46 lm2).

The substrate temperature is an important parameter
for the control of the growth process. The inﬂuence is demonstrated in Fig. 2 for a low (320 K, Fig. 2a and b) and a
high temperature (403 K, Fig. 2c and d). The ﬁgure compares the situation for the two extremes of Fig. 1, i.e., the
nucleation of the ﬁrst layer (0.25 ML) and the situation
after formation of 3D islands (nominal 5 ML).
The overall nucleation densities for the ﬁrst layer and
for the 3D islands are higher at 320 K (Fig. 2a and b) than
at 403 K (Fig. 2c and d) indicating diﬀusion limited formation of nuclei. The corresponding densities at 378 K (com-

3.3. Inﬂuence of the substrate morphology on the growth
kinetics

Fig. 3. Arrhenius plots showing the temperature dependence of the nucleation densities of the ﬁrst (a) and second layer (b), and for 3D islands (c).
Diﬀerent areas on the sample were used for the analysis. The open/full symbols and dashed/solid lines refer to substrate areas with the high/low step
density, which are marked in the inset. The parameters for the exponential ﬁt are given in Table 1.
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Assuming thermally activated diﬀusion during nucleation we ﬁtted the following exponential relation to the
data (solid or dashed lines for smooth and rough substrate
areas, respectively, referring to the diﬀerent ellipses in the
inset of Fig. 3a):
nx ðT Þ ¼ N 0 expðEn =kT Þ;

ð1Þ

where nx is the nucleation density at temperature T, k the
Boltzmann constant, En an activation energy for the nucleation process, and N0 the exponential prefactor which depends on the deposition rate. The derived ﬁt parameters
En and N0 are listed in Table 1.
In general, this temperature dependence is determined
by the diﬀusion and nucleation of the molecules. Unfortunately, up to now no suﬃcient theoretical description of the
growth exists, which involves the speciﬁc properties of molecules like, e.g., orientation dependence, non-isotropic
bonding to the neighboring molecules, cluster mobility,
and internal degrees of freedom. Consequently, atomistic
descriptions like those suggested by Venables [16] are oversimpliﬁed and can be applied only carefully and in a limited
way. Under this simplifying assumption, the energy En can
be related to the surface diﬀusion energy Ed and the nucleation energy Ei of a critical cluster of size i
En ¼ p  ðEd þ Ei =iÞ

ð2Þ

with p = i/(i + 2) and p = i/(i + 2.5) for two- and threedimensional nucleation, respectively. The deposition rate
R dependence of the prefactor is given by N0 / Rp. The
surface diﬀusion constant is deﬁned as


Ed
Ddiff ¼ m exp 
ð3Þ
kT
with the attempt frequency m. With the nucleation constant


Ei
Dnucl ¼ m exp 
ð4Þ
i  kT
an eﬀective diﬀusion constant can be deﬁned as Deﬀ = Ddiﬀ Æ
Dnucl, so that the relation of Eq. (1) can be expressed as:

p
R
nx ðT Þ /
.
ð5Þ
Deff
In the following
pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃwe deﬁne the so called ‘‘diﬀusion length’’
as L ¼ 1= nx ðT Þ.
The temperature dependence of the nucleation density
of the ﬁrst layer signiﬁcantly diﬀers for the growth on
smooth and on rough substrate areas (Fig. 3a). On the
smooth area the nucleation density has an exponential
dependence indicating that thermally activated diﬀusion

processes are involved in the nucleation process and in
the subsequent growth. In contrast, the 2D island density
on the rough substrate area is nearly constant over the
whole temperature range of 330–500 K, i.e., no thermally
activated process determines the nucleation density. Thus
we can conclude that the diﬀusion length is limited to small
areas between step bunches and is hence temperature independent. As consequence, the nucleation and therefore the
growth are determined by the substrate morphology, which
itself depends on the sample preparation.
The extrapolation of the two ﬁt curves in Fig. 3a (for ﬂat
and rough substrate areas) towards lower temperature
yields a crossing point at about 300 K. Below this temperature the thermally activated nucleation density is higher
than the density of substrate defects or traps (i.e., the diﬀusion length is smaller than the distance of traps like steps or
step bunches) and therefore the growth will not be dominated by substrate morphology eﬀects.
For the second layer the nucleation density of both, the
smooth and the rough area depends on the temperature
(Fig. 3b). The slope of the ﬁt curves results in activation
energies of diﬀusion of 70 (±30) meV and 58 (±18) meV
for the smooth and for the rough area, respectively, which
are identical within the error bars (see Table 1). Only the
absolute value of the nucleation density is about half an
order of magnitude higher for the rough area. Comparing
the experimental data of the second and the ﬁrst layer, the
2D island density on the rough area is signiﬁcantly smaller
for the second than for the ﬁrst layer. Thus, expectedly the
inﬂuence of the substrate morphology on the nucleation is
reduced if one monolayer of PTCDA covers the substrate.
The 3D island density varies over about two orders of
magnitude in the small explored temperature range of
80 K. However, the temperature dependence of the 3D
island nucleation density (Fig. 3c) diﬀers only weakly for
the two diﬀerent types of surface areas. The substrate morphology also has no inﬂuence on the nucleation density,
especially at low temperatures. The slope of the ﬁt curves
corresponds to an activation energy of about 0.7 eV, which
corresponds well to the result of Krause et al. deduced
from X-ray diﬀraction [13]. The activation energy is about
one order of magnitude larger than for the ﬁrst and second
layer (Table 1). In contrast, for the 3D islands the pre-factor N0 is about 9 orders of magnitude smaller than for the
ﬁrst and second layer. This indicates that the nucleus formation of the ﬁrst and second layer diﬀers from that of
the 3D islands. This behavior of a high activation energy
and a low pre-factor value was seen for the Stranski–Krastanov growth of metal on metals [16] and of metal on

Table 1
Fit parameters N0 and En for the curves of Fig. 3 describing the temperature T dependence of the island density nx = N0 exp(En/kT)
Substrate area

1st layer
Rough

2

N0 (m )
En (meV)

(12±1.3)

10
10 ± 10

2nd layer
Smooth
(9.5±0.3)

10
130 ± 20

Rough
(10.7±0.2)

10
58 ± 18

3D islands
Smooth
(10.2±0.5)

10
70 ± 30

Rough
(1.4±0.5)

10
670 ± 40

Smooth
10(0.2±1.5)
740 ± 100
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Si(1 1 1) [17], which can be explained by a high value of i for
the critical cluster size [16], or by the mobility of smaller
clusters [17].
4. Discussion
A model describing the inﬂuence of step bunches on the
nucleation of 2D and 3D islands is depicted in Fig. 4. On
smooth surface areas (Fig. 4a) the lateral corrugation of
the potential is equal to the activation energy of diﬀusion
Ed. The substrate morphology at step bunches may cause
either an attracting (Fig. 4b) or a repelling (Fig. 4c) potential for the diﬀusing PTCDA molecules. In the ﬁrst case,
the attractive potential oﬀers nucleation sites of constant
concentration. As long as the thermally activated diﬀusion
length is larger than the distance between these pinning
centers, the nucleation occurs only at defects and is therefore temperature independent.
The second possible case of a repelling potential at step
bunches could be due to an Ehrlich–Schwoebel-barrier [18]
for the PTCDA molecules at steps. As a consequence the
diﬀusing PTCDA molecules are trapped between these barriers. In each of these trap areas which are surrounded by
step bunches the PTCDA molecules diﬀuse until nucleation
occurs. If the diameter of the smooth trap area is considerably smaller than the diﬀusion length only one nucleus is
formed in each trap. Then the overall nucleation density
is independent of the temperature and only determined
by the density of traps or step bunches.
The situation changes, if a complete monolayer of
PTCDA molecules covers the substrate including the step
bunches. Now the height of the potential barriers at step
bunches is signiﬁcantly reduced for the molecules diﬀusing

Fig. 4. Model of the potential landscape to illustrate the inﬂuence of the
step bunches on molecular diﬀusion. The top scheme (a) depicts a cross
sectional view of a surface with two step bunches. The middle (b) and
lower (c) drawing show two extreme situations for the potential which a
single molecule may sense during diﬀusion: step bunches acting as drains
(b) or barriers (c). The smooth surface has a lateral potential corrugation
with the surface diﬀusion energy Ed. Note that the lateral corrugation of
the potential is considerably smaller than the vertical potential which
equals the chemical binding energy.
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on top of the ﬁrst layer. By thermal activation it is now easier for the PTCDA molecules to overcome the barrier,
resulting in a temperature dependent nucleation density.
Consequently, in the case of an attractive potential not
every defect (or step bunch) pins molecules or, in the case
of repelling barriers, not every trap area is a center of
nucleation. Of course, the same is valid for PTCDA molecules diﬀusing on the second layer and forming 3D islands.
The molecules are less disturbed by the step bunches and
are able to diﬀuse over long distances of about 10 lm to
create 3D islands (Fig. 2d).
It is interesting to note that single steps which are present also on the smooth areas of the surface have much less
inﬂuence than step bunches. This can be derived from very
recent LEEM experiments on the same system [11] which
clearly show single steps also on the smooth areas in
between step bunches.
5. Summary and conclusions
The presented PEEM data give ﬁrst direct experimental
evidence of the inﬂuence of the substrate morphology on
the initial ﬁlm formation in organic molecular beam epitaxy (OMBE) of PTCDA on Ag(1 1 1). Above room temperature PTCDA ﬁlms grow in a (slightly modiﬁed)
Stranski–Krastanov mode. The image sequence during
deposition of PTCDA molecules shows a perfect layerby-layer growth for the ﬁrst two layers followed by 3D
island formation. This behavior reﬂects the inﬂuence of
the Ag(1 1 1) metal substrate on the bonding and structural
properties, i.e., the strong interaction between substrate
and ﬁrst layer, the weaker interaction between ﬁrst and second layer causing a strained superstructure of both layers
with respect to the (1 0 2) b-PTCDA bulk plane, then a
slightly weaker interaction between the following layers
leading to the formation of relaxed 3D islands [14].
The diﬀusion process of PTCDA is strongly inﬂuenced
by the substrate morphology resulting in a higher nucleation density at rough surface areas. The strongest eﬀect
was observed for the nucleation of the ﬁrst layer, which
shows a temperature independent density above room temperature. This behavior can be explained by either attractive
or repelling potential barriers at steps. The morphology
eﬀects are reduced if one monolayer of PTCDA covers
the surface completely.
These results could only be observed by a microscopic
probe which can distinguish the inhomogeneous morphology. It demonstrates how diﬃcult an interpretation of
integrating measurements (e.g. spectroscopy, diﬀraction)
is which averages the signal over large surface areas.
Moreover, the lateral thickness of an organic layer can
drastically vary, e.g., by island formation in a Stranski–
Krastanov growth mode. Since this may strongly depend
on the preparation parameters like surface morphology,
temperature, and deposition rate, integral techniques may
lead to contradictory results depending on the group, sample, or even on the day of the experiment. We have the
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impression that some discrepancies in the literature may be
due to such diﬀerences.
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[10] Y. Zou, L. Kilian, A. Schöll, Th. Schmidt, R. Fink, E. Umbach, Surf.
Sci., in press.
[11] Th. Schmidt, H. Marchetto, U. Groh, R. Fink, H.-J. Freund, E.
Umbach, in preparation.
[12] H. Marchetto, U. Groh, Th. Schmidt, R. Fink, H.-J. Freund, E.
Umbach, in preparation.
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