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Figure S1 Sample C1 during the “small chevron notch pre-fatigue” preparation step to ease crack initiation at the subsequent testing stage. (a) The micromanipulator is approached to the FIB-produced cantilever beam. (b) The micromanipulator is carbon-welded to the beam. The dashed white line is for reference. In (c) and (d) the beam is slightly bent downwards and upwards, respectively. (e) The micromanipulator is detached by FIB milling its tip. (f) The free-end of the cantilever beam is cut by FIB milling, leaving the sample ready for micromechanical testing.
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Figure S2 (a) SEM image of Sample C2 from a tilted point of view. Close-up views of the notch (dashed square in (a)) before and after the small cyclic pre-deformation step are shown in (b) and (c), respectively, where the view is straight down from the top. Signs of a small crack may be distinguished in (c) at the tip of the triangular ligament.
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Figure S3 Fractured surfaces, all along (111) planes, of the four tested single crystal silicon micro-cantilevers with a straight-through notch (STN). Scale bar in all images represents 1 μm. Columns of images (a) to (d) correspond to different images of the fracture surface of Specimen S1 to S4, respectively. Images on the top and middle rows are taken from different perspectives. Notch geometries used for calculations are superimposed and indicated with a white dashed line in the top-row images. The brightness and contrast of the bottom-row images have been manipulated to enhance the visibility of marks on the fracture surfaces. 
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Figure S4 Fractured surfaces, (111) planes, of the three tested single crystal silicon micro-cantilevers with a chevron notch (CN). Scale bar in all images represents 0.5 μm. Columns of images (a) to (c) correspond to different images of the fracture surface of Specimen C1 to C3, respectively. Images on the top and middle rows are taken from different perspectives. The brightness and contrast of the bottom-row images have been manipulated to enhance the visibility of marks on the fracture surfaces.
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Figure S5 CN Sample C2 before (a) and after (b) cyclic elastic deformation. Cyclic deformation of the micro-cantilever resulted in the formation of spherical drops at the notch end. The drop was removed prior to the mechanical test by additional FIB milling under a current of 10 pA. 
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Figure S6 Calculated compliance calibration curves of the three chevron—notched cantilever samples: compliance  (a) and geometrical function  (b) vs. crack length  for chevron—notched micro—cantilevers samples: C1 (red), C2 (green) and C3 (blue). Square symbol in Panel (b) indicates minimum of .
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Figure S7 SEM images (b) and (c) are close-ups of the chevron-notch of the specimen in (a) before and after subjecting the sample to 500 °C in vacuum, respectively. The arrow in (c) points to a droplet, likely of Ga, that appeared after the heat treatment. This specimen was at a later stage dismissed because a stable crack could not be initiated upon mechanical testing.



Analysis of the stress in the ligament during the preparation “pre-fatigue” step 

As a candidate reason for the erratic response obtained in CN specimens, we studied the possibility that the “small chevron notch pre-fatigue” preparation step introduces extensive plastic deformation into the material through which the crack grows during the test. Using the largest beam-end displacements gathered from SEM images during the preparation step (e.g. Fig. S1) and the FE models constructed to calculate the compliance calibration curves, the stress field at the chevron ligament was estimated for Specimen C1. In these simulations, silicon was taken as isotropic, ideally elastoplastic, with Young modulus GPa, Poisson ratio 0.223 [S1] and yield stress 7.6 GPa (based on compression measurements of fully crystalline nanopillars [S2]). As shown in Fig. S8(a) for the maximum deformation during the pre-fatigue step, only in a very thin layer of material at the top tip of the ligament does the von Mises equivalent stress exceed the critical value for the onset of plasticity. This means that a small amount of plasticity (e.g., the generation of a limited number of dislocations) might occur at that location, particularly if a pre-crack is produced. On the other hand, the great majority of material along which the crack grows during the mechanical test has not seen stresses high enough to introduce defects (dislocations) during the preparation step. This analysis was also done for the maximum load reached upon the initial loading in the tests (the load before the first pop-in in Fig. 3), leading to the same conclusion (Fig. S8(b)). Hence, the effect of the pre-fatigue step or the initial sample loading is unlikely to be the cause for the erratic responses of the different CN samples.
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Figure S8 Von Mises stress distribution in the chevron ligament of Sample C1 at (a) the maximal displacement recorded during the pre-fatigue preparation step and (b) immediately before the crack initiation pop-in during the micromechanical test. The results are obtained for isotropic, elastic-perfectly plastic silicon (see the main text for material parameters). Plastic yielding (von Mises stress exceeding 7.6 GPa) is found in a very narrow region near the edges at the top part of the chevron notch.




On the influence of Mode II in the interpretation of CN and STN tests 

An alternative reason why the apparent Mode I fracture toughness values might be too high could originate from the fact that cantilever samples unavoidably have some shear stress present within the notch plane. If this shear stress if large enough, it might lead to a contribution of Mode II cracking in the test data. 
Since in the presence of Mode I and Mode II crack loading the total strain energy release rate is the sum of the energy rates for each of the two modes, , Mode I propagation requires the total  to be higher by  than it need be for pure Mode I loading. Since values for  computed above via compliance calibration function correspond (given the use of a full three-dimensional finite element model) to the total released strain energy rates, maintaining the driving force for Mode I fracture in the presence of Mode II loading requires somewhat higher load . The magnitude of this overloading essentially depends on the sample’s Mode I and II crack stress singularity strengths, i.e. the Mode I and II crack stress intensity factors,  and , respectively.
	To estimate  and  for our cantilever samples we revert to FE calculations.  We use the same FE models as for the compliance calibration, but now with more refined mesh around the crack front and the quarter point elements located immediately next to the crack front. This modelling strategy is commonly used to improve and obtain the theoretically expected crack stress singularity, i.e. , where  is the radial distance from the crack front [S3]. Since the normal to the notch plane in our models is aligned with the -axis and the crack propagation direction is along the -axis (see Figure S9a, inset), the stress components of interest for estimating the crack stress intensity factors are  for Mode I and  for Mode II. The theoretical expressions for the near-field stress distributions of Mode I and Mode II cracks are well known and can be found, for example, in the book of Anderson [S3]. The stress distribution along the symmetry line, , within the notch ligament, are theoretically expected to be:  for Mode I and  for Mode II. The angle-dependent part in these expressions vanished since we are considering the stress distributions along the crack propagation direction for which the angle .  
	In Figures S9a and S9b, we show in linear and logarithmic plots respectively, the dependence of the stress components  (filled symbols) and  (open symbols) on the distance from the crack front  along the symmetry line of a chevron notch ligament, as obtained from FE models for chevron-notched Sample C1. Stress distributions are plotted for several values of the relative crack length .  Fits of the expected theoretical expressions to the FEM data in the vicinity of crack fronts, with  and  being the free fitting parameters, are indicated in Figs. S9a and S9b with a solid lines for  and a dashed line for . As seen, FE models reproduce reasonably well expected stress distributions; this is more true for  than for . For Sample C1, the ratios , obtained after fitting FEM data, at each relative crack length  are shown in Figure S9c with circles. Similarly obtained ratios  for chevron-notched Samples C2 (squares) and C3 (triangle) are also shown in Figure S9c. As seen, the ratios of Mode I to Mode II crack stress singularities for the three samples are reasonably similar. 
For small cracks, the ratio  is quite high indicating a clear dominance of Mode I over Mode II. As the crack gets longer, the ratio  is settling to a constant value near .  Writing , where  is the elastic stress factor (e.g. the Young’s modulus in case of isotropic materials), a ratio value suggests that . Mode I thus accounts for more than ~95% of the total . Considering all other sources of error, it can be concluded that the importance of Mode II for the present chevron-notched cantilever samples can be neglected. Thus, the increase of here measured ’s due to the presence of Mode II crack loading is small.


[image: ]
Figure S9 (a) Linear and (b) logarithmic plot of the normal () and the shear () stress as a function of the distance from the crack, , along the line of symmetry in the chevron notch plane of the cantilever specimen C1 at several relative crack lengths, . Stress distributions obtained by FEM at  = 0.05, 0.26 0.48 0.69 and 0.90 are shown with filled () and open () circles. Fitted near-field crack singularity expressions are indicated with solid () and dashed () lines. (c) Ratio of the stress intensity factors, , as a function of the relative crack length  for chevron-notched specimens C1 (circle) C2 (square) and C3 (triangle).
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Figure S10 Post-test SEM examination of the chevron-notched specimens. The location of the load-application point, identified as a shallow indent, is indicated with black arrows in the lower images, which are close-ups of the area marked with a black, dashed, rectangle in the top images.
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