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DETAILS OF FINITE ELEMENT MODEL

The FEA model geometry utilized in this work was comprised of two different parts: the sapphire spherical indenter and the Au theta specimen. The geometry used for the indenter was a truncated hemisphere and the plan view dimensions of the theta sample were based directly on an SEM image taken of the sample prior to testing. A 5° draft angle was included everywhere except for the top and bottom edges of the theta specimen to accurately reflect the sidewall angle of the devices tested. The indenter was treated as an isotropic elastic body with E=400 GPa and ν=0.24. The theta was given constitutive behavior based on Ramberg-Osgood hardening given by
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where ε is strain, σ is stress, E is Young’s modulus, σy is the yield strength, and n is the strain hardening exponent. In this case, the strain offset was fixed at 0.002 so that σy always corresponded to the 0.2% offset yield strength. Both parts were comprised of quadratic tetrahedral elements and used adaptive mesh refinement based on minimizing the von Mises stress error indicator. The final mesh for one of the theta samples is shown in Fig. S1. The contact between the two parts was described by an exponential pressure-overclosure normal relationship and frictionless tangential behavior. Simulated load-displacement curves were generated from the results of each simulation and compared to the corresponding experimental curve. After each iteration, the material properties E, σy, and n were varied until the optimal fit between the simulated and experimental curves was found.    
ELASTIC MODULUS MEASUREMENT USING LDV AND AFM


In order to verify the elastic modulus, E, measured by testing theta specimens, two alternate measurements were made on cantilever arrays included on the wafer. These cantilevers were all 22.2 µm wide and ranged from 150 to 300 µm long with the same thickness as the theta specimens (5.5 µm). The first technique used laser doppler vibrometry (LDV) to measure the first harmonic frequency, f, of each beam which is related to E by 
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where I  is the moment of inertia, m* is the mass per unit length, and L is the beam length. Plugging in the known values and combining them into a single constant, C1, gives
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Thus on a plot of f2 vs. C1/L4, as shown in Fig. S2, the slope will be equal to E, which in this case is 57.9 GPa. 
The second technique used an atomic force microscope (AFM) to physically deflect the beams and measure their stiffness. This is similar to the reference cantilever method used for calibrating AFM cantilevers, except that in this case the AFM tip stiffness is already known and the sample stiffness is being calculated. Several force-displacement curves generated by this technique are shown in Fig. S3, the slopes of which were used to calculate the beam stiffness. These measurements resulted in an average stiffness of 1.93 N/m for the 300 µm long beams, corresponding to an elastic modulus of 56.5 GPa. Both of these values are in good agreement with the modulus extracted from the theta specimen tests (54 GPa).     
FIGURE CAPTIONS

Fig. S1. FE mesh used in modeling of theta samples. This represents the final mesh geometry after multiple iterations of adaptive mesh refinement.

Fig.S2. LDV data used to calculate elastic modulus of film. The extracted slope is equal to the modulus of the film (in MPa), giving a value of E=57.9 GPa.
Fig.S3. Experimental AFM force curves on the same cantilever beam. The average beam stiffness is used to calculate the elastic modulus of the film (E=56.5 GPa).
