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We present a transmission electron microscdpizM)/Rutherford backscattering spectrometry
(RBY)/x-ray-diffraction (XRD) study of Au evaporated on crystalline organic thin films of
diindenoperylenéDIP). Cross-sectional TEM shows that the preparation conditions of the Au film
(evaporation rate and substrate temperatsti®ngly determine the interfacial morpholodm.situ

XRD during annealing reveals that the organic layer is thermally stable up to about 150 °C, a
temperature sufficient for most electronic applications. The x-ray measurements show that the
“as-grown” Au layer exhibits a large mosaicity of around 10°. Upon annealing abal/20 °C the

Au film starts to reorder and shows shaifll)-diffraction features. In addition, temperature-
dependent RBS measurements indicate that the Au/DIP interface is thermally essentially stable
against diffusion of Au in the DIP layer up t8100 °C on the time scale of hours, dependent on the
Au thickness. ©2003 American Institute of Physic§DOI: 10.1063/1.1556180

I. INTRODUCTION elevated temperatures during the fabrication prodess.,

soldering or during operatior(e.g., due to Ohmic losses

Due to their exciting electronic, optical, and optoelec-  Until now, these structural issues have been addressed by

tronic properties, organic semiconductors have experiencedgnly a limited number of studies carried out mostly on dis-
tremendous increase in research activities over the last fewrdered polymers which are used as low dielectric constant
years. Several organic electronic devices have been demomaterial in conventional microelectronic fabrication
strated, such as full-color, large-area, organic light-emittingorocesse$'~*°in addition, some studies have been published
diode displays;*flexible photovoltaic cellS; organic field-  on Langmuir—Blodgett film< and on organic thin films de-
effect transistors with high on/off ratio,’ and examples of posited under ultra-high-vacuuf@HV) conditions:®=??The
physical as well as chemical organic thin film sensSll thermal stability of solution-grown systems with organic—
these devices operate with one or several functional organitorganic interfaces was studied in Ref. 23.
layers with the desired physical properties and metal- In this work, Au deposited under various conditions on
organic contacts to injecbr extraci charge carriers. In sev- diindenoperylene thin films[Cs,Hs diindenoperylene
eral device geometries, these metal contacts are deposited @IP), see Fig. 1 is studied as a model system for metal
top of the organic film. The proper function of the contact iscontacts on organic electronic devidesshort report of some
prerequisite for the performance of the device, and it dependaspects of this work has previously been published in Ref.
on the interfacial morphology of the metal—organic interface22). DIP has been chosen as the organic material, since it
An important issue for technical applications is also the therforms closed films with high structural order, if deposited
mal stability of the organic layer itself as well as that of theunder suitable conditions on silicon dioxiéfeFurthermore,
metal-organic interface, since the devices may be exposed these DIP films show a charge carri@ole) mobility wp, up

to 0.1 cnf/V s at room temperatur@.Au is widely used as a

hole-injecting metal.

dAuthor to whom correspondence should be addressed; electronic mail: To understand how the metal—-organic interface mor-
Arndt.Duerr@mf.mpg.de

YNow at: Physical and Theoretical Chemistry Laboratory, University of Ox- phology depends on the condition.s employed du'ring depqsi-
ford, South Parks Road, Oxford OX1 3QZ, United Kingdom. tion of the metal layer, the main processes involved in
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All samples were prepared on smooth oxidiz4600 A)
Si(100 substrates. A DIP layer of typically 400 A in thick-
o< ness was grown at a substrate temperature of£H4%C and
M~ at a rate of (123) A/min under UHV conditions leading to
! films of high structural order with a surface roughnessrof
~25 A (=1.5 ML DIP).2#?8The Au film was deposited after
growth of the DIP film in the same chamber.

< > TEM micrographs were taken with a JEOL FX4000 and
18.4 A with a Philips CM200 microscope at 400 and 200 kV, respec-
tively. A detailed description of the preparation of the TEM-
FIG. 1. (Color) Structure of a DIP molecule. samples can be found in Ref. 29.

The Rutherford backscattering spectrome®RBS) data
were taken at the Stuttgart PelletBmith He™ ions at 1.3
interface-formation are sketched qualitatively in the follow- meV and a scattering angle @f=75°. A high energy reso-
ing: Upon arrival on the surface the metal atoms can eithefytion spectrometét was used with an energy resolution of
stick on the surface, diffuse along the surface with a certaim\g=2 4 keV, corresponding to a depth resolution~ef0 A
diffusion constanD, or penetrate the surface with a diffu- jn Au.
sion constanD, (presumably=<D,).*****’If a metal atom For the temperature-dependent measurements, the
meets other metal atdg) they form a cluster, the diffusion  samples were mounted on a heater in vacuum, annealed at a
constants of which are expected to be strongly reduced sgiven temperature for 1 ¥,and measureih situ using x-ray
that even small clusters may be considered as “immobile.” reflectivity and RBS, respectively, at each temperature step.
Based on this simple model, three main parameters are  X-ray measurements were carried out at beamline W1 at
identified that determine the morphology of the interface beHASYLAB in Hamburg, Germany, with an x-ray wave-
tween the metal contact and the organic thin film. length of A=1.39 A. Figure 2 sketches the x-ray scattering

(8 The substrate temperature during metal depositiond€0metry in real and reciprocal space, respectively. Three
Lower temperatures lead to less mobile metal atomsdifferent types of scans were taken. e
thus, less diffusion into the organic layer is expected. ~ (1)The “specular diffraction mode,” where the incident
(b) The deposition rate of the metal: The larger the depo@N9l€ @i equals the exit angler;. Thus, the momentum
sition rate the larger is the probability for a metal atom transfer is normal to the surfa¢e=(0,04,)] and the elec-

at the surface to be met by freshly deposited atoms anon density profile along is probed. Within semikinematic
form an immobile cluster before penetrating the Sur_sca?ftenng theory, the specularly scattered intensity is given

face. Note, however, that extremely high deposition

rates(exceeding~10 A/s) may deteriorate the organic

Surfa-‘ce- . . I(qz)xRF(qz)
(c) The interaction between the metal and the organic mol-

ecules: Metals that interact more strongly on the or-

ganic film may exhibit less interdiffusion into the or- where Re(q,) is the Fresnel reflectivity of the substrate,

1 (= dpe(2) i 2
- ——— ¢'9dz , 1
pel,ocfoo dz ( )

ganic film. dpe(2)/dz is the derivative of the electron density of the
sample with respect t@, pe .. the electron density of the
substrate.
Il. EXPERIMENT

In a layered system, the interference of x rays scattered

Au films were prepared on DIP films under four different at the different interfaces within the sample gives rise to
deposition conditions employing all combinations of low andintensity oscillations for small momentum transée(*Kies-
high substrate temperatufe 120 and+70 °C) with low and ~ Sig fringes”). The periodicity of these fringedqy, is re-
high deposition rate€.35 and 23 A/miy see Table 1. lated to the thickness of a layed, by D~2w/Aqy , [e.9.,

These sampleSAl-A4) were examined by cross- Dpp andD,,; see Figs. &) and Ga)]. Interfacial roughness
sectional transmission electron microsco§EM) and by (o) gives rise to a damping factor expedy).

molecular monolayers with lattice constahtvithin a given

layer gives rise to Bragg reflections at the positiapns

TABLE I. Preparation conditions of the Au layer on top of the DIP film. =27/d. The integrated intensity of a Bragg reflection is
related to the total number of coherent scattendis:* [e.g.,

Sample ch"b A?:qtii Nomi”a'AthiCk”ess Analyzed by the gray shaded area in Figs(aband Ga) is related to

bipl.-

Al —-120 23 120 TEM/x-rays If the layer consists of orderef.e., coherently scatter-

A2 —120 0.35 120 TEM/xrays ing) domains which exhibit a homogeneous thickness,

A3 +70 23 135 TEMAcrays - oatellite peaks, the so-called Laue oscillations appear near

A4 +70 0.35 135 TEM/x-rays . . . . . .

A5 45 1 35 RBS the main Bragg reflection, with a scattering amplitude given

by
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(2) Rocking scans at a constant scattering angi 2
=a;+ a; at the position of Bragg reflections with varying
angle of incidenceg;, probe the angular distribution of the
lattice planes, i.e., their mosaicifyull width at half maxi-
mum (FWHM) of the rocking curveA w].

(3) In “offset-scans,” a;=a;+= A« is slightly offset
from the specular condition and the diffusely scattered inten-
sity is measured.

IIl. CHARACTERIZATION OF THE “AS-GROWN"
STATE

The interfacial morphology of the samples immediately
after depositiorfas grown has been characterized by cross-
[D] sectional TEM measurements as well as by x-ray measure-
ments in the specular scan mode and in the offset scan mode
with Aa=+0.03°, respectivelyA « is about twice the rock-
ing width of the DIR00Y) reflection (0.013°)%®
The cross-sectional TEM images for samples A1-A4 as
grown show large differences in the interfacial morphology
depending on the preparation conditidRgy. 3). The images
suggest that the sample temperature during deposition has
the predominant influence on the interface morphology.
Low temperature during Au depositidifrigs. 3a) and
3(b)] leads to relatively well-defined interfaces with only a
small amount of interdiffusion which is essentially indepen-
dent of the deposition rateR] in the range studied.
High-temperature Au deposition causes a much higher
degree of interdiffusion into the DIP layer and a complex
interfacial morphology. A high value dR leads to a fairly
well-defined metal-organic interfa¢€ig. 3(c)], although the
quality of this interface is lower than for the low-temperature
) . samplegthis will be discussed belowOn the other hand, a
g.'G' 2. (Colon (&) Geometry and symbols used in the text to describe) o146 ofR in combination with high temperature results
ifferent scan geometries in real spakeandk; are the wave vectors of the | . . .
incident and of the exit x-ray wave, white ande; denote the incident and 1N complete intermixing of Au and DIFFig. 3(d)].
the exit angle of these waves, respectively:k;—k; is the momentum The morphological difference  between  “low-
transfer inside the sample.€2=a;+ ay is the scattering angleb) Sche-  temperature samples{Al, A2) and “high-temperature

matic of the three different scan modes in reciprocal space. The filled el » ; ; ;
lipses denote the location of the first seven specular DIP Bragg reflectionsamples (A3, Ad) is also reflected in the speculgsolid

and of the specular A@11) Bragg reflection, respectively. The extension of ﬁnes) and offspeculafdashed linesx-ray data of Fig. 4:
the Bragg reflections i, direction represents the mosaicity of the related The specular scans at the low-temperature samples Al
layer. The shaded triangular areas indicate the regions where specularynd A2 display Kiessig fringes with different periodicities
reflected intensity of DIRnarrow red triangleand of Au (broad yellow — 5sqhciated with the thicknesses of both the Au and the DIP
triangle is measuredD andD* denote the film thickness and the crystalline .. .
(coherenk thickness, respectively denotes the lattice constant in the film. layer. Th|3 1S _eV|dence for rather homogeneous, smooth and
well-defined films.
For the high-temperature samples, on the other hand
(strongly damped Kiessig fringes are visible only for
[ Ng,d sample A3. Furthermore, also the Kiessig fringes corre-
sin sponding to the Au film in the offset scan are quickly

o

S
>

Tad (2 damped out. For sample A4 Kiessig fringes are completely
Sin(qL) absent. These findings support the TEM observations of a
rather rough and inhomogeneous interfacial morphology.

whereN is the number of coherently scattering monolayers
in the fllm. The qlstancg betvyeen thg:- minima of the assocCi, ANNEALING PROCESS: DIP EILM
ated oscillations in the intensityf € |A|?), AQ, is related to

D* by D*=Nxd=2x/AQ [e.g., D&, and Npp are ob- During the annealing studieis, situ Xx-ray measurements
tained from Figs. &) and Ga) with the known lattice con- of the reflectivity as well as of the D{(P01) Bragg reflection
stantdp,p=16.56 A at room temperatufe were carried out.
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FIG. 3. Cross sectional TEM images of the sampl@sAl (T¢,=—120 °C, R=23 A/min), (b) A2 (Tq,=—120°C, R=0.35 A/min), (c) A3 (Tu=
+70°C, R=23 A/min), and(d) A4 (T= +70 °C, R=0.35 A/min).

A. Low-temperature samples  (Tg,,=—120 °C) the low-temperature samples, we fiBgyp~D},p, and thus

dent x-ray measurements as obtained for sample A2. Confless after Au depositioff. However, the Laue oscillations
paringDp,p with D, at room temperature after Au deposi- around the _D”@Ol) Ifragg_ reflection are c9n3|derably
tion shows that the DIP film is still ordered across its entired@mped, indicative obp,p being laterally rather inhomoge-

thickness sincd pp~D%,». Almost undamped Laue oscil- N€OUS. It is plausible to attribute this observation to the in-

lations are evidence for a high degree of lateral homogeneitjerdiffusion of considerable amounts of Au into the DIP film
of D3 in the DIP film. during deposition which leads to destruction of paAS) or

Figure 5b) showsNZ,, and D, as a function of tem- large areagA4) of the DIP film as was also observed in the
perature for sample A2, which is typical for all investigated TEM images[Figs. 3c) and 3d)]. _ _
low-temperature samples. Figure 6b) showsNp,, andDFp associated with sample

Up to T~160 °CN¥ is essentially stable. This implies A3 as a function of annealing temperature; it is representa-

a high degree of thermal stability of the DIP layer and is thelive for all high-temperature samples in our study. .
same temperature as for uncapped DIP fifftishe coherent Obviously, in the high-temperature samples, the DIP film
thicknessD%,» remains essentially constaficrease by~1 exhibits essentially the same thermal stabﬂﬂl%(lSO °C)
ML, i.e., ~5%), while the intensity increases by20% for ~ as the low-temperature sampf@sHowever, in contrast to
sample A2(and by~40% for sample AL The latter obser- the Iow-tempgrature §amplgs, at temperatures be'low the on-
vation is indicative of a reordering process in the DIP film, Set of desorption the intensity of the QIRY) reflection re-
which takes place at elevated temperatures. mains es_senﬂal_ly constant W|th|n the exp_erlmental error.
For T=160 °C destruction of the DIP layer by thermal Thus, no indication of a reordering process in the DIP layer

desorption of molecules is evidenced by a pronounced dd$ Observed for the high-temperature sar?ples. .
crease oN%, while D%, remains stable. For still higher temperaturesT& 160 °C), destruction

of the DIP layer in samples A3 and A4 is evidenced by a
pronounced decrease Nf5, while D, remains stable.
B. High-temperature samples (Tg,=+70 °C) V. ANNEALING PROCESS: AU FILM

Figure Ga) shows typical temperature dependent specu- To characterize the crystalline state of the Au layer on
lar x-ray measurements as obtained for sample A3. Similar ttop of the DIP film the A@l111) reflection was used allowing
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FIG. 4. Specular and offset scans for each of the four samples A1-A4. In
each set of data the solid curve corresponds to the specularly reflected in- £
tensity, containing the intensity of both the DIP and the Au layers. The
dotted curves on the other hand were recorded with the sample slightly
offset from the specular conditiom\@= +0.03°). The individual data sets

are shifted with respect to each other for the sake of clarity.
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FIG. 6. (a) Specular scan over the D01 Bragg reflection at various
temperatures for a typical high-temperature sample, &3.N5,, [®,
shaded area ifg)] andD}r (A) of sample A3 as a function of the anneal-
ing temperature.

for the determination of the crystalline orientation of the
grains in the Au film with respect to the surface normal. The
coherent thickness of the Au graind,;, was obtained by
analyzing the specular width of the Ai11) reflection and its
Laue oscillationgsee Fig. 2 and Eq(2)]. The integrated
intensity of the A111) reflection is related to the total num-
ber of Au atomsN3,, which exhibit(111) orientation. From
rocking scans across the All1) Bragg reflection, the mosa-
icity (Aw) of the Au grains with(111) orientation along the
surface normal is deducddee Fig. 2

A. Low-temperature samples (T, =—120°C)

Figure Ta) shows a typical set of specular scans over the
Au(112) reflection as grown and after the annealing proce-
dure, respectively. Figure(ld) displays the typical evolution
of N4, and of Aw as a function of temperature for the low-
temperature samples. In the as-grown stidfe, is fairly low.

We note thatNy, of the as-grown state is essentially the
same for all investigated low-temperature samples. At the
same time, the mosaicity of the Au grains is relatively high
(Aw~10°, centered around the surface nornmaleverthe-
less, given that in this system Au is evaporated onto an or-
ganic film it is remarkable that obviously a strofidl) tex-

ture forms.

Up to T=100 °C the mosaicity as well a3, remain
almost constant. Further increasing the temperature results
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) (A, right axig for (a) sample A3, andb) sample A4(c) D}, of the Au111)
FIG. 7. (a) Specular scan through the Ai11) Bragg reflection of sample  grains in the Au film of A3 @) and A4(red ¢ ). D%, is given in A for the
Al as grown (¢ ) and after the annealing procedife). The inset displays  |eft axis and in monolayers at the right axis.

the scattering geometry used for these scans\y, (®, left axi9 andAw
of the Au(111) reflection, i.e., mosaicity,4, right axi9 for sample Al.(c)

D3, of the Au111) grains in the Au film of ALD}, is given in A for the left ] ) ) ) )
axis and in monolayers at the right axis. coherent thickness of Au grains witi11) orientation sug-

gests a pronounced reordering process in the Au layer for
T=120°C. This process leads to a preferentidll) orien-
initially in a pronounced decrease of the mosaicity, whiletation of the grains in the film along tfeaxis, which usually
N%, increases. is the energetically favored orientation for thin Au films. Ad-
Figure 7c) shows the typical evolution d%, as a func- ditional evidence for this interpretation is given by the con-
tion of temperature for the low-temperature samples. Thdinuously decreasing intensity of the f00) reflection[non-
decrease of the specular peak width is related to an increa§@llinear with the A@11l) reflection along the surface
in coherent thickness o 20% during the annealing. More- normal which has also been recorded during the annealing.
over, the appearance of Laue oscillations Tee 120 °C is
evidence for the existence of ordered Au grdifisd1) orien- . .
tation], which exhibit a quite homogenem?s thickness in theB' High-temperature samples  (Tsu, =+70 °C)
sample. Figures 8a) and &b) display the evolution oN}, and of
Combining the observations of an increaseNj,, a Aw as a function of temperature for samples A3 and A4,
decrease of the Atll) mosaicity and an increase in the respectively.
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For both samplesNj, in the as-grown state is essen- Fig. 9 the smoothened RBS Au peak is displayed. It has been
tially the same as for A1 and A2. Howevé, increases recorded just after deposition and affeh annealing at each
only by a factor of 3.5compared to a factor of 7 and 12 for temperature indicated in Fig. 9. Immediately after deposi-
the low temperature samples Al and A2, respectivélying  tion, the Au peak exhibits a slightly smeared-out shape with
the annealing while\ @ remains constant up ©=150 °C.  relatively steep edges at the high and low-energy side indica-

Figure 8c) showsD}, as a function of annealing tem- tive of an essentially homogeneous and well-defined film
perature for samples A3 and A4. For both samplz§, ex-  with only little interdiffusion(similar to samples A1 and A2,
hibits a pronounced increase ©f30% forT>150 °C. How-  although the deposition conditions for the Au film were, for
ever, Laue oscillations appear only after annealing at thgechnical reasons, somewhat different from these samples;
highest temperature and are rather smeared out. This impliege Table)l
that the grains inside the film exhibit a fairly broad distribu- Annealing the sample at 100 °Crfd h already results in
tion of coherent thicknesses, in contrast to the observationg marked interdiffusion of Au into the DIP film visible in the
at the low-temperature samples. In conclusion, the annealinghange of the shape of the peak. We note that the smearing of
behavior of sample A3 resembles that of the low-temperaturghe Au edge may also be due to a certain degree of diffusion
samples, although there remain differences with regard to thgf DIP molecules onto the Au film. However, closer inspec-
crystalline homogeneity of the Au layer. tion of the peak shows that the Au edge at this temperature is

The structural behavior of the Au layer of sample A4 stjj| at the same position, i.e., there is still Au at the surface
upon annealing is not comparable to any of the otheyncovered by DIP. Comparison with the 70 A filfmo
samples, consistent with the highly intermixed structure ofchange of the shape visible at 100 (Ref. 22] suggests that
this heterosystem. Au interdiffusion into the DIP film is the major contribution

to the change of the peak shape for the present sample. The
VI. ANNEALING PROCESS: AU /DIP INTERFACE maximum peak height decreases #y20%, indicating that

In a previous communicatioff,we have shown that for the area of the sample covered with Au has decreased. This
Au films with a thickness of 70 Aexceeding the roughness may be viewed as a dewetting process of the Au- layer.
of the pristine DIP film by a factor of)2he Au/DIP interface Further annealing to higher temperatures shows that the
is thermally stable at least up to 100 °C on a time scale of Hiffusion process of the Au into the DIP has essentially been
h. For larger temperatures, first, interdiffusion of Au into thecompleted at 100 °C. Nevertheless, at the two highest an-
DIP film has been observed, followed, at still higher tem-nealing temperatures, the position of the Au edge shifts to
peratures T>150 °C), by the evolution of a closed layer of lower energies by=1 keV. This implies that the complete
material(presumably DIP on top of the Au film. Au film at these temperatures is covered by a thin fipre-

Here, we have further investigated the thermal stabilitysumably DIP of about 15 A in thickness which was also
of the Au/DIP interface for a Au film with a nominal thick- observed for the thick Au film of Ref. 22.
ness of 35 A, which now is of the order of the surface rough-  Note that for the 70 A Au film the final state of Au
ness of the pristine DIP filnisee Ref. 238 interdiffusion has been observed for 100€T<150 °C.

In situ temperature-dependent high-energy resolutioriThis suggests that the temperature at which enhanced Au
RBS measurements were carried out using sample A5. Idiffusion sets in depends on the Au thickness. Presumably,
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FIG. 10. (Color) Model for the desorption process of the DIP in a system of
Au/DIP. On the left side the system is shown prior to the annealing process. ) ) ) o
The image on the right-hand side depicts the situation during and after thE!G- 11. Cross-sectional TEM micrograph showing a sample prepared simi-

annealing process in which some DIP islands remain unchanged in thickar to AL The sample has been anneale@-atl70 °C until only 5% of the
ness. DIP(001) Bragg-reflection intensity remainddee Ref. 22 The Au layer is

separated from the Siubstrate only by a small organic layer. The Au film
exhibits holes with curved edges where presumably DIP islands resisted the
thermal treatment.

due to the formation of immobile Au clusters, the Au diffu-

sion stops after only a short time interval.

NEp). In addition, enhanced Au interdiffusion sets’frac-
VII. DISCUSSION companied by a pronounced reorientation of the Au film as
well as by increasin@®j,, .

TEM images as well as specular and off-specular x-ray = The x-ray data suggest that the destruction of the DIP
measurements show that the interfacial morphology is critifilm is accomplished by a laterally inhomogeneous desorp-
cally dependent on the conditions during Au deposition. Lowtion process: the DIP film splits into laterally separated is-
sample temperatures-(120 °C) lead to Au layers of rather lands of homogeneous thicknegsnstantD ), andA wpp,
homogeneous thickness and quite well-defined interfaces abut decreasindNg,p). This scenario is supported by Fig. 11.
though a small amount of Au interdiffusion into the organiclt shows a cross-sectional image of a sample prepared
layer seems to be unavoidable without a “reactive” diffusion equivalent to A1 which has been annealed@ at170 °C until
barrier at the metal—organic interface. In contrast to the in~95% of the DIP film has been destructed by desorption.
terfacial morphology between Au and DIP, the average crysThe DIP islands are separated by areas which are presumably
talline orientation of the Au grains in the cap layer appears tdilled with Au (see sketch on the right hand side of Fig).10
be largely unaffected by the substrate temperature duringn electronic device using DIP as organic semiconductor
deposition in the temperature interval studied. Comparingvill break down due to the islanding effect or at the latest
Nx, and Aw,, shows that these quantities are nearly thefrom the onset of DIP desorption.
same for all investigated samples. Thus, the formation of It must be pointed out that the finding of laterally
grains in the Au film is essentially independent of the sub-inhomogeneousiesorption process of the DIP film in the
strate temperature and of the deposition rate in the range dfeterosystem is in contrast to the observation ddtarally
rate and temperature investigated. homogeneouglesorption process for uncapped DIP films

Combining the results of x-ray scattering, RBS, andwhich was found previousff Apparently, the presence of a
TEM measurements, the following scenario for the changeswu film (with D=70 A) has a strong influence on the de-
in the heterostructure upon annealing is propo&sst also sorption behavior of the DIP film. It is plausible to assume
Fig. 10. that stacks of DIP covered by @dosedAu layer resist to a

For sufficiently thick Au films[=70 A (Ref. 22], the  higher temperature than stacks of DIP, which are uncapped
heterosystem is thermally stable upTe-100 °C on a time or whose molecules can diffuse through cracks in the cap
scale of 1 h(left-hand side of Fig. 10 layer. Thus, in this picture, the Au layer induces a complete

For 100 °G<T=150 °C, interdiffusion of Au into the change in the desorption process of the DIP layer.

DIP film is promoted. This may support the reordering pro-  RBS measurements showed that Au layers with a larger
cess in the Au film indicated by a decreasihg of grains  thickness £70 A) exhibit a greater thermal stability af

with Au(111) orientation parallel to the surface normal and a~100 °C of the Au/DIP interface against Au interdiffusion
slight increase oN%,. In addition, a reordering process in into the DIP filnf? than samples with thinner Au films. A
the DIP film is observedincreasingNg,s). Nevertheless, at possible interpretation is that for Au films with a thickness of
this point, the DIP film as such and, presumably, the interfac¢he order of the surface roughness of the organic fitm (
remain essentially stable. The fact that the RBS Au edge=25 A for our sample®) the sample might exhibit a larger
does not shift to lower energies at these temperatures sufraction of areas where the Au film is not closed and thus
gests that the diffusion of DIP molecules onto the Au layer issmall isolated Au clusters are present. These are expected to
only of minor importance even for the smearing of the RBSbe fairly mobile and may easily diffuse into the organic layer
Au edge of the 35 A Au film. at elevated temperatures. On the other hand, in a “thick” Au

At still higher temperaturesT=155 °C) the DIP film layer, most of the Au atoms may be considered as being
becomes thermally unstabi®DIP molecules start to diffuse coalesced in large Au clusters which are essentially immobile
onto the Au film where they form a closed layshift of the  even at elevated temperatures. After the organic layer itself
RBS Au edge to lower energiesnd desorb(decrease of starts to deteriorate, interdiffusion is facilitated.
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