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This supplementary information file includes:

Fig. S1. Three-dimensional AFM surface topography corresponding to one
amplified local region in Fig. 1b marked by red dotted circle.

Fig. S2. The detailed nanoindentation load and displacement curves with different
nanoindentation depths 4, for Zr;gTi;0CuyeAl,; MGF.

Fig. S3. The toughness values at different indentation depths for Zr;gTi;oCuygAly;
MGF.

Fig. S4. Comparison of the values of measured toughness by the nanoindentation
energy conversion method and the traditional three-point bending methods for
Z161T1,CuysAl;, bulk MG.

Fig. S5. Structural characterizations for sample 1 (a, b, c), sample 2 (d, e, f) and
sample 3 (g, h, i). HRTEM images and the corresponding electron diffraction
patterns are shown in a, d, g. Dimple fracture structures characterized by SEM are
shown in b, e, h, and the corresponding statistical analyses of the size of dimple
structures are shown in ¢, f, 1.

Fig. S6. Correlation between EWF and toughness for various metals and alloys.
Fig. S7. The composition mapping images of the HRTEM image for sample 1.
Different images correspond to different compositions in the same location: Al (b),
Cu (¢), Zr (d), Ti (e), and O (¥).

Fig. S8. The chemical composition distribution of Zr, Ti, Cu, and Al elements in
the second sample library.

Fig. S9. The XRD patterns of three kinds of flexible films deposited by magnetron
co-sputtering, all of which are amorphous.

Fig. S10. Comparison of toughness for MGFs deposited on different substrates:
single-crystal silicon (blue point) and PET (red point).

Table S1. The proportions of each chemical element for sample 1, 2, and 3 with
single crystal silicon substrate by EDS.

Table S2. The proportions of each chemical element for sample 1, 2, 3 with single
crystal silicon substrate and sample 1, 2, 3 with PET substrate by XPS.
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Fig. S1 Three-dimensional AFM surface topography corresponding to one amplified
local region in Fig. 1b marked by red dotted circle.
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Fig. S2 The detailed nanoindentation load and displacement curves with different
nanoindentation depths 4, for ZrsgTi;0CuygAly; MGF.
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Fig. S3 The toughness values at different indentation depths for Zr;gT1;0Cuj9Al,; MGF.
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Fig. S4 Comparison of the values of measured toughness by the nanoindentation energy
conversion method and the traditional three-point bending methods for Zrg T1,CuysAl;,
bulk MG.
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Fig. SS Structural characterizations for sample 1 (a, b, ¢), sample 2 (d, e, f) and sample
3 (g, h, 1). HRTEM images and the corresponding electron diffraction patterns are
shown in a, d, g. Dimple fracture structures characterized by SEM are shown in b, e, h,
and the corresponding statistical analyses of the size of dimple structures are shown in
c, f, 1.
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Fig. S6 Correlation between EWF and toughness for various metals and alloys.



Fig. S7 The composition mapping images of the HRTEM image for sample 1. Different
images correspond to different compositions in the same location: Al (b), Cu (c), Zr (d),
Ti (e), and O (f).
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Fig. S8 The chemical composition distribution of Zr, Ti, Cu, and Al elements in the
second sample library.
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Fig. S9 The XRD patterns of three selected MGF samples with different toughnesses
deposited by magnetron co-sputtering.
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Fig. S10 Comparison of toughness for MGFs deposited on different substrates: single-
crystal silicon (blue point) and PET (red point).



Table S1. The proportions of each chemical element for sample 1, 2, and 3 with single

crystal silicon substrate by EDS.

Sample Percent of Per.cent of  Percentof  Percentof  Percent of
Zr (%) Ti (%) Cu (%) Al (%) O (%)
Sample 1-Si 38.05 9.50 28.65 22.53 1.27
Sample 2-Si 48.03 7.58 26.69 16.53 1.17
Sample 3-Si 60.54 1.76 24.69 11.60 1.41

Table S2. The proportions of each chemical element for sample 1, 2, 3 with single
crystal silicon substrate and sample 1, 2, 3 with PET substrate by XPS.

Sample Percent of Pergent of  Percent of Percentof Percentof
Zr (%) Ti (%) Cu (%) Al (%) O (%)
Sample 1-Si 37.56 9.82 28.74 22.72 1.16
Sample 2-Si 47.72 7.81 26.52 16.74 1.21
Sample 3-Si 60.65 1.75 24.77 11.75 1.08
Sample 1-PET 37.91 9.75 28.55 22.66 1.13
Sample 2-PET 48.04 7.65 26.59 16.62 1.10
Sample 3-PET 60.76 1.83 24.64 11.54 1.23




