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            Abstract
Deformation twinning1,2,3,4,5,6 in crystals is a highly coherent inelastic shearing process that controls the mechanical behaviour of many materials, but its origin and spatio-temporal features are shrouded in mystery. Using micro-compression and in situ nano-compression experiments, here we find that the stress required for deformation twinning increases drastically with decreasing sample size of a titanium alloy single crystal7,8, until the sample size is reduced to one micrometre, below which the deformation twinning is entirely replaced by less correlated, ordinary dislocation plasticity. Accompanying the transition in deformation mechanism, the maximum flow stress of the submicrometre-sized pillars was observed to saturate at a value close to titaniumâ€™s ideal strength9,10. We develop a â€˜stimulated slipâ€™ model to explain the strong size dependence of deformation twinning. The sample size in transition is relatively large and easily accessible in experiments, making our understanding of size dependence11,12,13,14,15,16,17 relevant for applications.
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                    Figure 1: 
                        Scanning electron microscopy images of the deformed micropillars and EBSD pole figure.
                      [image: ]


Figure 2: 
                        Mechanical data of the tested samples.
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Figure 3: 
                        Electron microscopy images of the tested samples.
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Figure 4: 
                        Schematic of the â€˜stimulated slipâ€™ model.
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        Editorial Summary
Crystal deformation to scale
There are two main mechanisms at play when a crystal undergoes deformation: ordinary dislocation plasticity and deformation twinning. While the former is known to be dependent on the size of the crystal, hence influencing sample strength at the nanoscale, the latter's size dependence has not been explored to date. Ju Li and colleagues show, using microcompression and nanoindentation experiments, that deformation twinning is completely suppressed in crystals smaller than a micrometre in size, giving way to ordinary dislocation plasticity as the only deformation mode. This may be because deformation twinning is a collective phenomenon that cannot operate for small crystal sizes. The discovery paves the way for new approaches to manipulating the mechanical properties of materials at the microscale.
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