1396 Microsc. Microanal. 26 (Suppl 2), 2020
doi:10.1017/51431927620017961 © Microscopy Society of America 2020

Defect Imaging and Structure Evolution in GST Films During In-situ Heating
Chanchal Ghosh', Manish Singh', John Watt*, Helena Silva' and C Barry Carter™

"Department of Electrical & Computer Engineering, University of Connecticut, Storrs, Connecticut, United States,
*Center for Integrated Nanotechnologies, Los Alamos, New Mexico, United States, *Department of Chemical &
Biomolecular Engineering, University of Connecticut, Storrs, CT, United States, “Center of Integrated
Nanotechnologies, Sandia National Laboratories, Albuquerque, NM, USA

Phase-change materials that combine Ge, Sb and Te (known as GST materials) are one of the major contenders for
future non-volatile data storage applications due to their difference in opto-electrical properties for the crystalline
structure and the amorphous structure [1]. Phase-change electronic memory devices make use of the rapid and
repeated switching between the phases through the application of electrical pulses. The difference in properties of
these two phases are utilized to generate the “0” and “1” data series [2]. RESET and SET operations amorphize and
crystallize a nanoscale volume of phase-change material that forms the active region of the device. During the
RESET operation in the device application, an intense electrical pulse melts the crystalline phase which is then
rapidly quenched giving an amorphous phase. In the SET operation, the amorphous phase is transformed into the
crystalline phase with the application of a longer and less intense electrical pulse which provides the thermal energy
to recrystallize the material.

During crystallization the amorphous Ge:Sb-Tes phase initially nucleates info a metastable fcc structure at ~150°
C, which with a further increase in temperature, transforms into hep phase at ~250° C [3]. The switching nature in
these materials greatly depends on the formation of intermediate phases and so a detailed understanding of the
structure and chemistry of these phases will be helpful in assessing their operational behavior [4-5]. Previous reports
also suggest that the pseudobinary compound Ge,Sbh-Tes can be considered as combinations of its binaries of GeTe
and SboTes[6]. In-situ heating inside the TEM equipped with a direct detection camera is considered most
appropriate to study the phase transformations kinetics in this system [7-8].

In the present paper Ge.Sb,Tes thin films of 10, 20 and 30 nm were deposited on Protochips SiN substrates using
magnetron sputtering and were imaged during in-situ heating using an Aduro 300 Protochips holder in an image-
corrected Titan environmental-TEM. To minimize the beam-induced damage and unintentional phase
transformations, low-dose imaging was carried out using a direct-electron-detection Gatan K3-IS camera. To
compare the intermediate phases of Ge,Sb,Tes with its binaries, samples prepared from 99.99% purity GeTe and
Sb,Te; sputtering targets were also analyzed in the same TEM. The observed atomic-resolution phase-contrast
images were analyzed with the aid of atomic structure modelling and multislice image simulation performed in
CrystalMaker and Java based EMS (JEMS) software respectively [9].

In-situ heating of the Ge,Sb;Tes thin film on the Protochips support shows the onset of the crystallization at a
relatively lower temperature than observed with optical or electrical measurements. The nucleation of an
intermediate structure at ~100° C has been also observed during in-situ heating of the film. Figure 1(a) shows one
such representative HRTEM micrograph of the phase. Interestingly the measured lattice spacing in this intermediate
structure is ~10 A, which corresponds to a major phase in the binary Sb,Te; alloy. Earlier studies showed chemical
segregation of the Ge.Sb,Tesfilms on Protochips into a Ge rich and Sb-Te rich phases during in-situ heating
experiment and also the presence of oxygen along with Ge in the phase-separated domains. In order to analyze the
structure and stoichiometry of the newly formed phases, the atomic-resolution HRTEM micrograph of Sb.Te;
binary along the [20] zone axis is shown in figure 1(b). A corresponding simulated thickness-defocus map of the
Sb,Te; binary in similar imaging conditions is shown in Figure 2. A detailed comparison of the intermediate
structure in the heated Ge»Sb.Tes films on Protochips and the Sh.Tesphase confirms the similar nature of the two
structures. The phase separation of in-situ heated Ge>Sb-Tes films on Protochips into Ge and Sb-Te rich phases may
be related to the reduction of the observed crystallization temperature.
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Figure 2. Thickness-defocus map of Sb2Te3 phase along [20] zone axis using multislice image simulation

algorithm in JEMS.
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