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Alumina (α-Al2O3) is one of widely used structural ceramics. Dislocations in alumina have been 

investigated for many years. The dislocations typically dissociate into some partial dislocations with a 

stacking fault. The stacking fault is known to be formed on the {11-20} plane [1] or the {1-100} plane 

[2]. However, stacking faults on other planes, such as the (0001) plane, are not well understood. In this 

study, we characterized the atomic structure of the stacking fault on the (0001) plane formed between 

dissociated dislocations in a low-angle grain boundary of alumina by atomic-resolution transmission 

electron microscopy. 
 

An alumina bicrystal with a (0001)/<1-100> 2o low-angle grain boundary was fabricated by joining a 

pair of a single crystal at 1500oC in air. A TEM sample was prepared from the bicrystal by a standard 

technique including argon ion milling. The dislocation structure of the grain boundary was observed by 

high-resolution TEM (JEM-4010, 400kV, JEOL) and scanning TEM (ARM-200F, 200kV, JEOL). For 

STEM observations, a probe-forming semiangle was set to be 24 mrad and an annular detector spanning 

the range 12-24 mrad were used. This condition corresponds to the so called annular bright field (ABF) 

STEM [3]. 
 

Figure 1 shows a high-resolution TEM image of the grain boundary. Three pairs of dissociated 

dislocations are observed. A more detailed analysis revealed that these dislocations have the Burgers 

vector of 1/3<-1101> [4]. The two partial dislocations in each pair are separated by about 2.7nm on the 

(0001) plane, suggesting the formation of a (0001) stacking fault.  
 

The atomic structure of the (0001) stacking fault was further investigated by ABF-STEM. Figure 2 

shows an ABF-STEM image of the (0001) stacking fault formed between a pair of dissociated 

dislocations. The atomic columns are imaged as dark contrasts. The stacking sequence of (0001) planes 

is found to be …1 2A 3 2B 1 2C 3 // 1A 2 1B 3 1C…, where ‘//’ indicates the position of stacking fault 

(Note that the stacking sequence of the perfect crystal is …1 2A 3 2B 1 2C 3 2A 1 2B 3 2C…, where 1 

and 3 refer to the oxygen layer and 2A, 2B, and 2C refer to the aluminum layer.). Interestingly, this 

stacking fault is formed on the anion sublattice, although only the stacking faults on the cation sublattice 

have been reported in alumina. In the presentation, we will discuss the structure and the formation 

energy of the (0001) stacking fault in detail. 
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Figure 1.  A  high-resolution TEM image of the grain boundary viewed along the <1-100> direction. 

Three pairs of dislocations dissociated on the (0001) plane are observed.  

 

 

 
                        

Figure 2.  An ABF-STEM image of a stacking fault formed on the (0001) plane. The position of the 

stacking fault is indicated by the dashed line. A smoothing filter was applied to reduce visible noise. 
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