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Report:

The experiment SI-1325 was proposed to investigate the kinetic aspects of the growth and structure of
organic heterostructures of organic semiconductors and was performed at ID10B. PTCDI-C8, among the
few known n-type organic melecule, has been chosen as our candidate. Pentacene, the mostly used p-type
semicoductor in industrie with highest carry mobility, has been used as second molecule to build the organic
heterostures. The experiments revealed the formation of very well ordered bilayers of PTCDI and
pentacene. Due the interest and success of these experiments, the investigation was extended to
heterostructures of F1cCuPc and PTCDI.

We have performed in-situ and simultaneously X-ray Specular reflectometry and GIXD during the
growth. Additionaly Real-time measurement of the intensity at 1/2 Bragg point Vs coverage have been
performed.



1. PTCDI and pentacene heterostructures on Al,O;
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Fig. 1 GIXD data for heterostructures of PTCDI-C8 and pentacene.

The figure 1 shows in-situ GIXD measurements for the growth of heterostructures of pentacene and PTCDI-
CS8.

PTCDI-C8 films grown at 150°C (figure la) and at room temperature (Figure 1b) have been grown as
template layer. Pentacene films were deposited on top at room temperature.

When pentacene is deposited onto the PTCDI-C8 films, a smooth film ordered with the so-called thin-film

structure is formed. By changing the deposition order, i.e. using pentacene as template layer, PTCDI-C8
shows worse ordering compared to that on Al,Os, (see figure 1c).
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Fig. 2. Specular X ray diffraction for heterostructures of PTCDI-C8 and pentacene.

The X-ray specular scans measured simultaneously confirm this: Bragg reflections emerge from the layered

growth of pentacene onto PTCDI-CS8, however, PTCDI-C8 onto pentacene do not show any Bragg reflexions
(figure 2c¢).



2. PTCDI and F;sCuPc heterostructures
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Fig. 3 GIXD data for heterostructures of PTCDI-C8 and F,;sCuPc.

The figure 3 shows in-situ GIXD measurements for the growth of PTCDI-C8 and F;sCuPc heterostructures.
Figure 4 depicts the specular X-ray diffraction data simultaneously obtained. Using F;sCuPc as template, the
adlayer PTCDI-C8 shows a well ordered structure (in-plane and out-of-plane). By changing the deposition
order, ordered bilayers are also obtained.
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Fig. 4 Specular X ray diffraction for PTCDI-C8 and FsCuPc heterostructures.

A detailed analysis of the structure and fit of the X-ray reflectivity is in progress. An analyisis of the
integrated intensity of the GIXD spectra will provide further information on ordering/disordering processes
at the organic interface.

In addition, real-time measurement of the intensity at 1/2 Bragg point during the growth of PTCDI-C8 on
Si0O; has evidenced an almost perfect layer-by-layer growth during more than 20 layers. The analysis of the
data is in progress.

To conclude, this in-situ study (by GIXD, X-ray reflectivy) has revealed new aspects of the growth and
structure of organic heterostructures. We are performing AFM mesurements as a complamatery method to
understand the ordering changing of bilayers.



