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Exploring new strategies to control thin �lm growth
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Simultaneous acquisition of growth oscillations and di�use scattering (‘GIXSAXS like’) 
allows for a detailed description of the morphology evolution during organic thin �lm 
growth with high temporal resolution enabling to monitor and control fundamental 
growth kinetics on a submonolayer basis. [1] [2][3]
At ESRF the surface di�raction beamlines ID3 and ID10 are especially suited for this type 
of measurements. With its 4m evacuated �ight path ID10 is equipped to resolve up to 
1000nm large island structures.
For thin �lm growth we use a portable UHV chamber with beryllium window that can be 
mounted on the ID3 and ID10 di�ractometers. 

Specular: Evolution of Layer Coverages
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• The evolution of the island 
density distribution during the 
nucleation of molecular island 
can be followed in situ and in 
real-time

Monitoring X-ray growth oscillations, i.e. temporal oscillations of the X-ray re�ectivity 
during thin �lm growth, is an important technique for in situ and real-time characteri-
zation of thin �lm growth. [4]
Analytical models may be applied to �t the oscillation to evaluate the monolayer cover-
ages and the surface roughness evolution during thin �lm growth.

• For smooth, fully �lled 
monolayers the signal intensity 
of the di�use scattered signal 
drops completely.

• With the nucleation of is-
lands in succeeding layers the 
di�use scattered signal revives 
again.

• Island density 

In this experiment (ID10, 14keV, 0.62° incidence angle) we 
aimed for especially �at and homogenous organic thin 
�lms as demanded for device relevant applications.
With increasing �lm thickness molecular �lms tend to 
roughen and to grow in a 3d fasion rather than in a
layer-by-layer mode.
In order to grow high quality, smooth organic thin �lms 
we employed rapid cooling cycles during the early stages 
of the growth of each monolayer.  This results in an in-
creased nucleation density while preserving high molec-
ular di�usivities at higher temperatures for the rest of the 
time.

• Looking at 
GISAXS-splitting (re-
solving up to 650nm 
large structures) over 
time we �nd that 
rapid cooling cycles 
strongly increase the 
nucleation density 
during growth in 
multilayered �lms

• Evaluation of the anti Bragg oscillations reveals that the growth mode is strongly 
shifted towards layer-by-layer growth through the cooling cycles

Rate equation model layer growth 
(V. Tro�mov et al.)
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• This in situ re-
al-time control 
mechanism is suit-
able to produce or-
ganic thin �lms of 
superior quality

Classical thin �lm growth: 
�xed substrate temperature

New approach: 
Rapid Tsub cycles
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