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[bookmark: _GoBack]Figure S1. Measurement of the sample thickness using (a) STEM-EELS map; was measured to be 0.465. The average mean free path () for W was 57.94 nm at 300 kV. The thickness is calculated to be 27 nm if we use the of W. (b) Cross-sectioned plan view TEM sample; the thickness of each layer is 28 nm for W (the same W film thickness), 12 nm for TiN and 16 nm for TEOS. The total thickness is measured as ~ 56 nm. 
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Figure S2. Grain maps measured by PED and TKD with grain tolerance angle of 1° and 3°. If the tolerance angle is 1°, this causes the problem because the minimum angular difference between individual pixels in PED is comparable 1° (Fig. 6c). In this case, a neighboring point with a second nearest orientation will be likely indexed as different grain. As a result, grain map becomes messed up with a full of error.
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Figure S3. PED orientation mapping results obtained from cross-sectional TEM samples of the W film. (a) Inverse pole figure orientation maps and corresponding phase maps. Five different cross-sectional data sets were obtained from three different samples. In the phase maps, W and TiN are indicated as red and green, respectively. (b) Histogram of grain size distribution. The step size for measurement was 1.25 nm.
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Figure S4. PED orientation mapping results of a cross-sectional TEM sample of the W film. (a) TEM bright field image. (b) Orientation map. (c) Measurement of misorientation across the grain A and grain B along the yellow arrow in (b). (d-f) Examples showing the appearance of overlapping PED patterns when a precession electron beam scans across the inclined grain boundary along the yellow line in (b). Schematics and corresponding PED patterns are shown for each location given in (c). Overlapping diffraction pattern is observed at the grain boundary.
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Figure S5. Orientation distribution of template matched pixels shown in inverse pole figure with different number of templates: (a) 1326; (b) 5151; (c) 20301. Angular difference between adjacent templates are: (a) 1°; (b) 0.5°; (c) 0.25°. 
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Figure S6. Comparison of grain size measurement using (a) XRD, (b) PED using cross-section sample, (c) TKD/PED using plan-view sample. XRD measures the vertical size of grain (DXRD) based on the peak width which is inversely proportional to the number of diffraction planes. In PED/TKD measurements, the grain size is estimated as an equivalent circle diameter (Dcross and Dplan) from 2D orientation map.
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