Ex- and in-situ investigation of dislocation cell formation during
uniaxial compression of copper single crystal
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Figure 1. The average dislocation density
fluctuation has a sharp maximum at stress level

corresponding to the transition between the ond

The formation of dislocation cell structures during
uniaxial compression in FCC metals is already
studied in details both experimentally [1, 2] and
theoretically [3, 4, 5, 6]. In the last decade,
however, with the development of the high
resolution electron backscatter diffraction (HR-
EBSD) [7, 8] a new possibility arisen in the
qualitative and quantitative analysis of dislocation
cells, beside TEM and x-ray line profile (XRD)
analysis.

In the first part of the work presented we report
XRD results on the statistical properties of
dislocation ensembles obtained on the surface of

bulk copper single crystals deformed uniaxially along the [100] crystallographic direction. Results
obtained (Fig.1) are in agreement with the ones reported earlier by 1. Groma et. al. [9]. Applying
the new HR-EBSD measurement technique the stress and GND density maps (Fig.2) were also
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Figure 3: Hausdorff-dimension (gray marker
stroke) and correlation-dimension (black marker
stroke) versus the average dislocation density
fluctuation.

analyzed, not only qualitatively, but also
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Figure 2: GND density map obtained by HR-
EBSD measurement on the surface of the
uniaxially compressed copper single crystal;



quantitatively. Fractality of dislocation cell structures was studied, yielding high correlation
between the average dislocation density fluctuation and Hausdorff and correlation dimensions
(Fig.3). Finally, the dominant Burgers-vectors were also studied, according to a novel method by
Zoller et al. [10] (Fig.4).
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In the second part of the presentation the results of R [ (011)
the in-situ HR-EBSD investigations on the ' (170)
dislocation cell structure formation in compressed

micropillars are reported. With the help of focused & (101)
ion beam (FIB) technology different sized copper = _
pillars were fabricated with [100] orientation. > (101)
Using our custom made nanoindenter we were (110)
able to carry out the compression of micropillars gk a0

and HR-EBSD investigation step-by-step at =5 5.8 1012 15 18 (011)

different strains. With this setup we could study X [um]
hQW th_e size of th_e pillars |anuenc§s the Figure 4: The calculated dominant Burgers-vector
dislocation cell formation. Moreover, with FIB  map yields similar type Burgers-vector

slicing methodology [10,11] we could also study dominancy for regions with lower dislocation

. . . content and any other Burgers-vector for regions
the final 3D dislocation structure. with high content:
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