Development of phase change materias by density functiona theory
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At present the discovery and development of new phase change materids is manly based
upon empirica drategies and trid- and error approaches [1,2,3]. Here we present an dternate
approach, which is based upon &b initio caculations [4] of the ground state and the eectronic
band dructure of binary and ternary Tdlurium dloys. Densty functiond theory has been
employed to determine the dendty of dates, the band dructure and the total energy for
different structures of ternary aloys containing Ag, In, Sb and Te. The cdculaions show a
variation of ground date structure and bonding type with stoichiometry. Understanding the
observed trends promises the directed optimization of future phase change media Comparing
the theoreticd predictions with experimenta results of AginTe, and AgSbTe; films it is
demondrated that only the AgSbTe, films which show a cubic coordination have sufficient
density contrast and hence aso optical contrast to alow phase change recording.
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Figure 1: Variation of total energy per atom for different structuresof AginTe; and

AgSbTe,.



Combinations of Ag, In, Sb and Te show as a function of their exact compodtion different
crysdlographic sructures. We have used dendty functiond theory in order to forecast the
most dable configuration for different dloys, here AginTe; and AgSbTe,, which are formed
during cryddlization processes of the commercidly used AginSbTe dloy. The variaion of
the tota energy as a function of the unit cdl volume for two common gructures is shown in
figure 1, where a rocksdt arrangement is depicted on the left hand sde while the vaues for
the unit cdl on the right hand side correspond to the chacopyrite structure. Adding entropica
effects to these vdues, AginTe, cryddlizes in the chacopyrite structure and the rocksat
configuration is preferred for AgSbTey.
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Figure 2: Theoretical density of statesfor the experimentally found structures of
Chalcopyrite (AginTez) and Rocksalt (AgSbTey).

The locd arangment of the aoms in the unit cdl and in paticular the different number of
nearest neighbors affect the dengty of dtates, which is drawn in figure 2. The most important
difference is the gppearance of much broader sructures for AgSbTe, due to the higher
number of neares neighbors (Z=6). For AginTe,, where the coordination number Z is 4,
much more locdized dates are observed. The dructural change from the amorphous to the
cryddline phase is accompanied by a change in dendty and thickness of the film, which is
dso closy linked to the cryddline dructure. The different amount of density and thickness
change can be dealy seen from figure 3, where a grester varying dengty is linked with a
more pronounced shifted XRR spectra. Figure 4 shows the relationship between the increase
in dendgty respective decrease in thickness for both dloys and differet anneding
temperatures. The crystdlisazation into the less close packed chacopyrite structure leads to a
smdler decrease in dengty, which is only 29% compared to the rocksat structure of the
AgSbTe; phase.
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Figure 3. X-Ray reflectometry spectra of amorphous (black) and crysallized (red)
AgIinTe, and AgShTes.

This different extent of locd rearangement is dso reflected in the evolution of the
corresponding optical properties. Cdculations of the normdized change of reflectance for a
60 nm thick film on a glass subdrate show (figure 5), that the magnitude of the contrast
change scaes with the density change and so with the most stable crysta structure.

In summary we can conclude, that dendgty functiond theory is able to predict the dable
dructure for different aloys. Due to corrdations between the locd dructure, the change of
dendty and reflectivity upon cryddlization, dendty functiona theory can be employed as a
useful tool for predicting feasible phase change materids.
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Figure 4: Evolution of density and thickness as function of temperature for both alloys.
The structural changeis more pronounced for AgSbTe; in contrast to AginTes.
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Figure 5: Normalised contrast for AgSbTe, and AginTe; asa function of the laser
wavelength. A thickness of 60nm on a glass dide was used in the moded.



