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Report:

Cu-containing compounds, as a part of the I-III-VI, chalcopyrite family (e.g. I = Cu, Ag; Ill = Ga, In;
VI = Se, Te), are extremely interesting among promising materials for solar cell applications. Among them,
devices based on polycrystalline Cu(GaxIn; «)Se, have shown the highest performance in the field of thin film
photovoltaics [1]. Nevertheless, Cu-poor surface compositions with I-III;VIs or I-IlIsVIg stoichiometries have
been reported on chalcopyrite-based thin films like CulnSe, [2], CuGaSe; [3] and Cu(Gaxln;)Se; [2].
Despite the fact that these Cu-poor phases are supposed to form the absorber buffer interface, a very sensitive
part of the solar cell, they are not sufficiently studied up to now. The aim of this experiment was to clarify, by
means of X-ray diffraction at different temperatures, the phase transitions (from a tetragonal phase at 293K to
a cubic high temperature phase) and phase diagrams in several poorly known ternary and quaternary
compounds belonging to the solid solution series Cu(GaxIn; 4);Ses and Cu(Gaxln; 4)sSeg (0 <x < 1).

Different polycrystalline samples were pre-synthesised and annealed for several weeks at both the
HMI and the UAM, and then vacuum-sealed in several quartz ampoules. As mentioned above, the
compounds prepared in advance belonged to the Cu(Gaxln;4);Ses solid solution, with x =0, 0.1, 0.2, 0.33,
0.5, 0.66, 0.8, 1, and to the Cu(Gayln;)sSes solution, with x =0, 0.2, 0.3, 0.5, 0.7, 0.8, 1. The experimental
method consisted in the collection of a sequence of diffractograms, during heating of the samples, produced
by monochromatic synchrotron radiation close to 90 KeV, 300x300 um of beam size, and using a Pixium
large area 2D flat panel detector. The ampoules were rotated and placed in a ceramic oven, using a S-type
thermocouple closely placed to the ampoule to measure the temperatures. In addition, at the end of the
experiment, another S-type thermocouple was placed in an empty ampoule and heated to calibrate the real
temperatures of the samples.

Two diffractograms of LaBs in powder form at two different sample-detector distances were taken to
calibrate the energy of the beam, and another two diffractograms at two sample-detector distances for each



sample were taken before heating to precisely determine the sample-detector distance, and hence to carry out
a radial integration of each diagram in order to obtain a set of linear profiles.

Two different heating rates were tried with two ampoules of the same sample, namely CuGasSes, in
order to choose the most appropriated rate to go over the phase transition slowly enough to determine the
temperature range in which the transition takes place. In such way, the following samples (Culns;Ses and
Cu(Gayln; 4)3Ses with x = 0.1, 0.33, 0.5, 0.66 and 0.9) were heated up to 600°C at 300°C/hour, taking images
every 10°, and then heated at 36°C/hour till the end of the transition, around 850°C, taking diffraction images
every degree. With the Cu(Gay slng 5)3Ses sample an additional procedure was also tried, rapidly heating up to
two different temperatures, 750°C and 850°C, and then keeping them until the phase transition was over,
while taking images every 2 minutes, in order to get information about the diffusion mechanisms acting in the
phase transition. The last part of the experiment was devoted to heat this compound till the melting point,
continuously collecting images.

It is worthwhile to mention that the number of allocated shifts was not sufficient for the complete
study of the two planned solid solutions, so all efforts were concentrated in one of them: Cu(GaxIn;)3Ses.
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Figure I Intensity evolution with temperature of some Figure 2 Integrated intensities vs. temperature for the
reflection peaks for the Cu(Gag 33Ing¢6)3Ses Cu(Gay33Ing ¢6)3Ses sample

The complete analysis of the results for all the measured samples is still in progress. Figure 1 shows
the evolution of the intensities of several reflection peaks with temperature for one of the samples, and Figure
2 shows the same after the calculation of the peak integrated intensities using the Le Bail refinement
procedure using the Fullprof Program software package [4].

The Rietveld method will be used to refine the structure of the measured samples considering two

different structural models: 142m and P42c, combined and performed simultaneously with previous neutron
diffraction data from this samples, acquired at the Berlin Neutron Scattering Center.
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