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Report:  The aim of the experiment was to investigate the surface properties of thin polymer films, as a
function of temperature and film thickness, using grazing incidence x-ray diffuse scattering. We wanted to
explore the nature of surface scattering spectrum and especially whether it resembles that due to capillary
waves prevalent on surfaces of ordinary liquids for all temperatures and thicknesses investigated.

Thin polymer films of polystyrene (molecular weight 100K) having thicknesses 3000 Å, 750 Å and 200 Å
were spin coated on silicon wafers (Si (111)). A home-made sample cell, capable of sustaining vacuum of ~ 5
10-3 mbar and PID controlled temperature variation on the sample, was used for making the diffuse scattering
measurements. The incident energy was set to 7.975 KeV and to minimise air scattering evacuated flight
paths  before  and  after  the  sample  upto  the  PSD  was  used.  The  incident  slits  before  the  sample  had
dimensions of 12 µm X 300 µm (V X H) while the collimating slit after the sample and the slit before the
detector had widths of 300 µm and 500 µm respectively. The sample to collimating slit distance was 18 mm
while that between the sample and the PSD was 658 mm. The PSD had a spatial reslution of 144 µm. The
incident angle on the samples were kept fixed at 0.1360, which is below the critical angle for polystyrene at
the incident energy. The diffuse scattering spectra for each film thickness and 3 different temperatures were
recorded in the PSD as a function of the in-plane scattering angle (δ) which was varied from ~0.10 to 300. For
each measurement the respective background scans were measured by lowering the sample stage. In addition
to the surface diffuse scattering measurements, we recorded bulk scattering spectrum at 1700C for the 3000Å
and 200Å films by fixing the angle of incidence at  0.2720 which was well  above the  critical angle for
polystyrene.

To analyse the data we are proceeding in two ways. Using the integrated rod scan intensity in the PSD as a
function of the in-plane scattering angle δ and extracting individual rod scans spectrum recorded in the PSD
for a given angle δ. Integrated scans for films of thickness 3000Å and 200Å at temperatures 250C, 1250C and
1700C are presented below in Fig. 1 and Fig. 2 along with the respective bulk scans.
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Figure 1
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Figure 2



Initial analysis of the integrated intensity data sets indicates that the high temperature data for the 3000Å film
does not fit very well with a constant surface tension, as was found earlier [1]. The exact form of the wave
vector dependent surface tension is being looked into, especially whether the Mecke-Dietrich form that was
predicted [2] and verified experimentally, through experiments at ID-10B, for the surface tension of ordinary
liquids [3,4] is valid for polymer surfaces in general and their thin films, in particular. However, for room
temperature data for 3000Å film as well for all three temperatures for the 200Å film the initial analysis seems
to indicate that a constant (wave vector independent) surface tension matches the data very well. Work is in
progress to independently obtain the surface tension for all thicknesses and each temperatures by fitting the
rodscans recorded in the PSD at each in-plane scattering angle δ. 
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