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Report:

We studied the structural phase trangitions in copper-poor CuGaSe, and Cu(In,Ga)Se; in-dtu with high energy X-
ray diffraction. These compounds belong to the I-111-VI, chacopyrites (s.g. I712d) and are due to their excellent
optoelectronic properties suitable for photovoltaic applications. The tetragona chacopyrite structure can derived
from the cubic sphaerite type structure (s.g. F43m) by doubling the unit cdl into c-direction. Chalcopyrites like
CulnSe, show dructura phase trandtions from the ordered tetragona chacopyrite type to the disordered cubic
sphderite type crysta Structure at high temperature. The driving force of thistrangtion was found to be a Cu-1n anti-
Ste occupancy [1]. The phase trangtion in stoichiometric CuGaSe, was studied by Schorr et. al [2] and showed a
different character compared to the trangtion in CulnSe,. Between the tetragona and the cubic phase an unknown
intermediate phase or phase separation was observed. Therefore we wanted to study the phase trangtion in
CuGaSe, in more detail.

The samples have been prepared by a solid state reaction of the pure dements a T=850°C in evacuated slicatubes.
Detalls of the preparation method can be found esewhere [3]. Before the in-Stu experiments, the chemica
composition and phase homogeneity was checked by means of WDX andysis using calibrated dementd standards.
For the in-Stu diffraction experiments performed at the ESRF the samples were encapsulated in quartz tubes (3mm
in diameters) to avoid selenium evgporation during hesting.

The results of the investigation of non-stoichiometric CuGaSe, show a different behaviour during the phase trangtion
than the one obsarved in the stoichiometric compound. In contrast to the latter studied in [2], we observed no
unknown phase or phase separation between the chacopyrite and the spaerite type phase in nornstoichiometric
CuGaSe;. Asshown in FIG. 1 the phase trandtion starts at T=1031°C and is finished at T=1042°C. Between these
temperatures both phases are existent. At 1042°C only reflections related to the cubic phase are detected. All
patterns were analyzed by means of Rietveld refinement with lattice congtants, anion x-coordinate and anisotropic
atomic digplacement factors as free structural parameters of the fit. The cation Ste fractions have not be refined yet
because of the same atomic form factors for Cu" and Ga®* for X-rays. The behavior of the lattice congtants with



increasing temperature is shown in FIG. 2. One can see a linear increase of the lattice parameters a and ¢ urtil the
phase trangition takes place. At this point a decreases and ¢ increases srongly until the trangition to the cubic phaseis
completed.
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FIG. 1 Diffraction pattern of copper-poor CuGaSe, FIG. 2 Copper —poor CuGaSe;: behavior of the
between 1031°C and 1042°C (from bottom to top). The |attice constants of the tetragona and the cubic
phase transition can visualy be observed by the decrease of phase with increasing temperature.

reflections eg. a 2g= 3,9° 4,9°; 57° whereas other

(29=5.8°) increase with increasing temperature.

Moreover we studied the structurd phase trangtion in non-stoichiometric Cu(lny7sGap 25)Se,. The trangtion
temperature was found to be 848 °C and therefore higher than in pure CulnSe, [1] which is due to the gdlium
subgtitution of about 25% in the lattice. The driving force for the structural phase trangtion in Cu(liny 75Gay 25) Sex
seams to have a amilar character like in CulnSe,. The Rietveld method has been applied to these pattern as well,
with chalchopyrite structure as basic modd. The refined Site occupancy factor of the 4a position, where normally
copper is Stuated, increases close to to the phase trangtion temperature strongly. In return the Site oocupancy factor
of the 4b position (occupied by I and Ga®*) decreases. This behavior can be explanied by an anti-site occupation
Cues- IWGag, which induces the phase trangtion. In CulnSe; it was found that at the trangition temperature 67% of
Cu" were found to occupy the Mel site with a corresponding 67% of 1" at the Me2 site. Although full disorder is
reached with 50%, thislevel seemsto be high enough that the phase trandtion takes place [1].

The present study showed for the fird time structurd phase trangitions in Cu(In,Ga)Se,. This was never proofed
before. Moreover it was possible to characterize the phase trangtion in CuGaSe, in more detall. These results are
importart steps for the understanding of the phase diagrams of chalcopyrites, used as asorbers in thin film solar
cdls, for thetaloring of high efficient photovoltaic devices.
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