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The deformation behavior of metals with the fcc structure is well-characterized and understood, but the 

same cannot be said of the bcc metals. This rather wide knowledge gap is attributable to the difference 

in structure and bond character of the two classes of materials. Plastic deformation in metals is achieved 

by the motion of dislocations, and the motion of dislocations in close-packed structures is relatively easy 

to predict. Because the bcc structure is not close packed (due to more complicated, partially covalent 

bonding), it stands to reason that dislocation motion, and therefore plastic deformation, is still not well-

understood for the metals with this structure. 

Tantalum, a refractory bcc transition metal, is used in microelectronics for capacitors and resistors, in 

medical applications for surgical instruments or as an implant material, in X-ray lithography for masks, 

and in high-temperature structural applications, such as heat exchangers. While the bulk metal has the 

bcc structure, deposited thin films can be amorphous or have the beta-Ta or fcc structure [1, 2]. The fcc 

phase and small regions of a hcp phase have been identified in heavily deformed bulk Ta [3]. Twinning 

has been observed as a result of the indentation of thin films, but this has now been shown to be due to 

the formation of the fcc phase rather than twinning in the bcc phase [4]. 

In the present study we examine dislocations, in Ta, produced in different ways. First, thin films of Ta 

were deformed using nanoindentation. This method provides the model system; the thickness of the 

material can be varied and the films can be readily prepared for examination in the TEM. Then, different 

deformation processes were applied to bulk materials: indentation of pristine Ta, dynamical deformation 

of pristine Ta, and indentation of material already dynamically tested. These methods provide the “real 

material” for comparison to the model system; the latter is particularly interesting since the material is 

presumably already heavily deformed so that the pre-existing defects strongly influence the mechanical 

deformation. 

Figure 1 shows a low-magnification bright-field image of an indent in a thin Ta film on a Si substrate. 

The contrast in the image indicates that the film is polycrystalline with a somewhat columnar grain 

structure; this is a commonly observed microstructure in thin Ta films. The inset diffraction pattern 

identifies the bcc phase. Figure 2 is a high-resolution image from the indicated area in Fig. 1, where the 

strain is expected to be the highest. Although much of the image is dominated by {110} fringes from the 

bcc phase, the inset FFT from the indicated region of interest shows spots corresponding to the {111} 

planes of the fcc phase as reported in [2] and [3]. Figure 3 is an EBSD map of a dynamically deformed, 

indented Ta sample; the map was used to inform the location of FIB lift-outs and the TEM results will 

be presented. [6] 
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Fig 1. (left above) An example of an indent into a thin film of Ta on Si. The inset diffraction pattern clearly identifies the bcc 

phase. Fig. 2 (right above) High resolution image showing the polycrystalline nature of the material under an indent. There 

are clearly two sets of spots in the FFT; the angles between them correspond to both the {110} planes in bcc Ta and the 

{111} planes in fcc Ta.  

 

 
 

Fig 3.  EBSD with superimposed quality-fit map with an array of indentations on polycrystalline Ta. The spacing of the 

indents ensures no overlap. TEM specimens can be FIBbed from inside grains, on grain boundaries or at indents. 
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