3D ORIENTATION MICROSCOPY IN A FIB-SEM
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Electron backscatter diffraction (EBSD) is a wellabdshed technique for the study of the microgtme of
crystalline materials. The ability to describe qitative microstructure parameters such as graie aim grain size
distribution, phase distribution, boundary chamaaded to relate these parameters with the localutexmakes
orientation microscopy via EBSD a powerful technidguehe field of materials science [1,2]. Howevbkere are a
number of microstructure features such as truengs@@e over the sample volume or grain shape thahat be
described using a two dimensional characterizatemmnique. For this reason it is evident that thdeaensional
analyses is essential for microstructure research.

During the last decade 3-dimensional characteamatf crystalline microstructure has gained indregas
attention due to the development of new tomograpbatiniques based on synchrotron and electronniae®n
techniques. Both techniques are based on 3D miariste reconstruction after recorded projectiohthe crystals.
Another approach to obtain the 3D-microstructuferimation is the serial sectioning and subsequesdnstruction of
objects by stacking the information obtained atmsecutive slices of the material.

A very powerful implementation of serial sectioniisgnow available by the combination of a high teton
field emission SEM-EBSD set up with a Focused-iorabg&IB) system in a dual beam microscope (Fig.1)e Th
technique consists in a successive set of thieslaf material (minimum thickness ~ 50 nm) whichieisioved from
the surface by sputtering with a high-energy ioarhgGad source). The so prepared smooth surface is in ofdsie
case very well suited for the formation of electlmatkscatter diffraction (EBSD) patterns. After thaling process,
the sample is tilted to the EBSD position, which nea tilting angle of 70° in order to observe tiféattion pattern.
The microstructure of this surface can then be aedl\by conventional 2D EBSD-based orientation maopg. By
successive sputtering and EBSD measurements thmedidional microstructure can be explored. Eachef#ttions
obtained will be used to reconstruct the originarostructure in three dimensions [3,4].

There are two strategies to prepare a smooth swidibehe high-energy ion milling. The grazing ineitce
milling is the alternative if the feature that whilé analysed is located on the edge of the sarRgeda). When this is
not the case a low incidence milling is the opf{Big. 2b). In this circumstance a larger area bdsetsputtered, so that
possible shadowing effect for the EBSD measurensmbe avoided.

The combination of EBSD-based orientation microscogth serial sectioning via FIB has a number of
interesting features. First, it allows a highly troiled removal of thin layers with a minimum slittéckness of 50 nm.
Once that the spatial resolution of the 2D-EBShmégue is of approximately 50 nm or less dependimghe material
under investigation, the highest achievable re&miubf the 3D-EBSD technique is in the order of 58«x 50 nri.
Second, the serial sectioning can be performed avelative large sample volume of approximatelx®D x 50 prm
Third, the technique runs fully automated once tleasarement is set-up. Additionally, all the advgesaof the EBSD
technique in the field of materials characterizatizan be extended now to th& @imensions. This allows one to
characterize not only feature size but also itgpehand volume distribution by for example the cbemdzation of
porous materials or by understanding recrystaidisaprocesses or deformation events. In a more Emgase, by
applying the 3D-EBSD technique, the nature of gleinndaries and triple junctions can be studiedadtig a better
understanding of grain growth and phase transfoomgrocesses. Unfortunately the technique is &ulgtsze method.
This means that in-situ observations are not passibl

The automated 3D-EBSD technique by serial sectionsigg a dual beam FIB-SEM will be described and
few application examples will be shown. Furthermdhne 3D-study of the growth behaviour of nanostred
electrodeposited CoNi-samples will be discussedNRjreover a description of the further applicatafra dual beam
microscope and the explanation of some known diltiies of the technique will be presented.
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Figure 1 — Schematic representation of the experiahsetup for the 3D EBSD —FIB method
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Figure 2 — Milling strategies. a) Grazing-incidemasitling (edge milling), b) Low-incidence milling @sface milling)



