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Report:

The study of mechanical properties of solids atrtheometre scale is still an open and challenguestipn
[1-3]. As the yield strength increases significantyhen the size decreases, the stress/strain femlels
generally considerable in these small objects aayg moticeably modify their physical properties. Hoer
the relationship between the actual defect cordéttie submicron object and its mechanical propsrtias
been overlooked. It requires experimentally a combiapproach of loading conditions for mechanical
measurement on small scale and detailed microtamalcharacterizations.
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Figure 1: Image of a typical sample. Figdr: Mesh of the movable AFM-tip in diffractiomddion.

In this way, microfocused coherent x-ray diffraetivnaging (CXDI [4]) has been combined with iarsitu
atomic force microscope at IDO1 with the AFM-tipedsas a nano-indenter, to measirsitu the related
strain response during nano-indentation of purepeogrystals of micron size grown epitaxially on a
tantalum 001 substrate by dewetting a thin copmeari(see Figure 1).

The 8keV monochromatic beam was focused with aneteone plate, achieving a spot of approximate2y 1
um(H)x0.6 um(V) and allowing to measure a single Cu crystéle Toherence was obtained by closing the
slits in front of the Fresnel zone plate and thec&fe patterns were recorded with a two-dimensi¢2B)
Maxipix (pixel array) detector. More than ten Cystals were studiedn situ nano-indentation experiments
were performed to peak depths of several hundredarmmetres with an accuracy of 100nm. Durimgitu
indentation, a 2D detector slice was recorded atdha Cu 002 reflection to provide a real-time niorng

of the strain field. Before indentation and aftaefaading, full rocking curves of the Cu 002 refleatwere
measured in order to obtain a three-dimensional wifapeflection in the reciprocal space to provide



information on local elastic and plastic deformasioThe movable AFM tip was easily positioned abibwe
selected crystal. By making a mesh of the tip altregx andy directions and in diffraction condition (see
Figure 2), the position of the tip in the beam, mhis the selected crystal, is given by the migdisition in-
between the shadows of the direct and diffracteazeby the AFM tip.

Figure 3 displays two typical central frames obaking curve of the Cu 002 reflection collected l§ajore
indentation and (b) during loading (~100 nm belawtact). Principal streaks are related to the faoéthe
crystal. Additional fringes are due to dislocati@msl/or residual strain field.

Figure 3: Central frames of a
rocking curve of the Cu 002
reflection collected (a) before
indentation and (b) during loading.
260 and v are the out-of-plane and
in-plane angles of the detector.
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Figure 4 displays 3D diffraction patterns around @u 002 reflection collected before indentationafad
after successive compressive loadings (b and d)an@es are clearly observed and explained by plasti
deformation. The measured data will be processed using the pleseval [5], from which we intend to
reconstruct the displacement field around the teslemucleations to provide insights for defect atioh.

Figure 4: Isosurface representation of a 3D rogkicurve of the Cu 002 reflection (a) before indéntaand after
successive loadings (b)-(c). is the sample rotation angle.

These results show the great potential of combimmgo x-ray diffraction with arin situ atomic force
microscope to observe situ the initial stages of plastic deformation in Cystals under the load of an AFM
tip. The coherent x-ray diffraction pattern revelalmambiguous and characteristic signatures obchsions
appearing during the load and at different stageefwrmation. Unfortunately, the AFM apparatusikalde
on the beamline could not monitor the force appledthe crystal, but only the displacement, andc wit
insufficient accuracy (~100 nm). The further steil ine to control quantitatively and reproducibliagtic
loading.
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