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The kinetics of grain boundary (GB) motion can be determined experimentally by measuring the average 

grain size in samples annealed at different temperatures for different durations. In SrTiO3 annealed under 

an oxidizing atmosphere, the GB mobility was previously found to decrease with an increase in temperature 

(in the temperature range of 1350-1425°C), deviating from the expected Arrhenius behavior [1]. In samples 

annealed under reducing atmosphere the change in mobility is shifted (in the temperature range of 1350-

1490°C and 1460-1500°C), and a second phase wets some of the boundaries at certain temperatures [2]. 

While this complex behavior of SrTiO3 is unique among ceramics, several other perovskites are known to 

show some of these grain growth effects as well (e.g. lithium lanthanum titanate and BaTiO3 [3]).  

 

While GB mobility can be measured, the mechanism by which a general GB moves has not yet been 

determined at the atomistic level in general polycrystalline systems. Following the terrace ledge kink (TLK) 

model [4], GBs were described as stepped planes which move by step-motion along the boundary plane 

during grain growth. The concept of steps at GBs includes line defects; such that steps can have both a step 

and a dislocation character (so called disconnections [5]). The role of disconnections at GBs in GB motion 

is an extension to the previously described concept of surface steps which play a role in crystal growth [6].   

 

The present work focuses on the atomistic mechanism by which GBs migrate, using high resolution 

transmission electron microscopy (HRTEM) and SrTiO3 as a model system (due to the existence of multiple 

grain growth effects). In this work, general GBs in SrTiO3 are studied ex-situ, and compared to the surface 

of SrTiO3 grains which are studied in-situ under vacuum. The existence of steps and ledges in both in-situ 

and ex-situ experiments indicate their role in the GB motion process.  

 

In order to examine the role of disconnections at GBs, general GBs in polycrystalline SrTiO3 and GBs 

between a single crystal diffusion bonded to polycrystalline SrTiO3 were characterized using aberration 

corrected HRTEM. Steps were identified and correlated to the grain growth mechanism, following the TLK 

model and disconnection theory. Electron energy loss spectroscopy (EELS) and energy dispersive 

spectroscopy (EDS) were used to characterize the chemistry of these boundaries. In addition, step motion 

on the surfaces of thin SrTiO3 films were characterized in-situ using HRTEM. When orienting general GBs 

in SrTiO3 to the “edge-on” condition (in which both the grain boundary and step planes are parallel to the 

electron beam direction), both the step and dislocation components of the disconnection were visible. In 

samples annealed under an oxidizing atmosphere the steps were found to be aligned mainly parallel to 

{001} and {110} type planes, regardless of the annealing temperature, annealing duration, cooling rate and 

orientations of the grains creating the boundary (see Figure 1) [7].  
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Motion of the steps parallel to {001} and {110} type planes was recorded during in-situ HRTEM 

experiments along surfaces of grains in polycrystalline SrTiO3 annealed in vacuum. The steps consistently 

appeared along {100} and {110} planes regardless of the annealing temperature, indicating their 

significance in the grain growth mechanism, in agreement to the ex-situ results. In samples annealed under 

a reducing atmosphere, a similar step behavior appeared, indicating that the mechanism is defined by 

thermodynamics.  

 
Figure 1: HRTEM micrograph of an edge-on general grain boundary in polycrystalline SrTiO3 annealed at 

1350˚C for 10hr oxygen and furnace cooled. Nanometer length-scale steps and dislocations are visible 

along the boundary. The micrograph was acquired using a Cs of -5.7 μm, and Wiener filtered to remove 

noise. 
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