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Table S1. Summary of mechanical properties of the IAl thin films with different Ag thicknesses.

Reference  IAI(8)  IAI(10) IAI(11) IAI(12) IAI(13) 1AI(14) IAI(25) IAI(50)

Young’s modulus (GPa)

1003 + 743 + 834 + 871 £+ 855 + 949 + 928 + 777 + 635

3.5 5.6 0.7 2.2 3.7 3.8 2.2 3.7 9.6
Elongation (%)

027 + 031 £+ 050 £+ 044 £ 056 + 054 + 057 =+ 035 = 031 =

0.06 0.01 0.01 0.04 0.12 0.16 0.08 0.08 0.09
Tensile strength (MPa)

2646 + 2327 £+ 4198 + 3849 + 480.0 + 5142 + 5143 + 2693 + 1952 *
60.2 34.8 9.8 37.5 1141 128.1 71.5 74.1 72.4




Table S2. Summary of electrical and optical properties of the IAl thin films with different Ag
thicknesses.

1AI(8) IAI(10) IAI(11) IAI(12) IAI(13) IAI(14) IAI(25) IAI(50)

Sheet resistance (Q/sq.)

110.48 9.35 7.87 4.92 6.38 5.81 1.68 1.63
+4.64 +0.04 +0.10 +0.01 +0.01 +0.02 +0.02 +0.04
Transmittance at 550 nm (%)

70.87 77.63 79.89 83.18 81.69 81.24 60.93 19.75
Figure of merit (103/Q)

0.29 8.50 13.46 32.21 20.74 21.54 4.21 5.55x107°
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Figure S1. Optical simulation for the varying ITO/Ag/ITO (IAl) multilayer structure. (a) Simulation

results. (b) RGB average transmittance values.
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Figure S2. XPS depth profiles of (a) 1AI(8) and (b) IAI(12) thin films on the Si substrate. The atomic

percent drop ratio of each atom near the Ag interlayer for (c) 1AI(8) and (d) IAI(12). The drop ratio

was defined as (atomic percent/atomic percent at 100-200 s of etch time).
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Figure S3. XRD spectra of the IAl thin films as a function of Ag thickness.
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Figure S4. Transfer process of the IAl/Cu bilayer onto the water surface. (a) Prepared sample. (b)
Crack initiation of the sample. (c) Beginning of the IAI/Cu bilayer transfer (7.9 s). (d) Middle step
of the transfer (20.1 s). (e) The final step of the transfer (40.4 s). (f) Fully-separated dog-bone-

shaped sample (42.4 s).
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Figure S5. AFM images of the IAl thin films as a function of Ag interlayer thickness. A square area

of 2 x 2 um was scanned.
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Figure S6. Tensile testing system using water surface platform for the 1Al thin films.



110

@ Intrinsic IAl modulus @ Lower bound Upper bound
105
100 | . -
— ‘o Region of the rule of mixture
T o |
S ® IAl(14
.l A1) |
: R .
. 80 IAI(10-12) e
e ° -
S st o 1AI(25) ’
>
o0 L IAI(8)
s | IAI(fO)
60 —————t
0 0.1 0.2 0.3 04 0.5

Volume fraction of Ag interlayer

Figure S7. Intrinsic Young’s modulus of the IAl thin films as a function of Ag interlayer thickness.
The 1Al thin films were assumed as the ideal tri-layer to calculate Young’s modulus using the rule
of mixture. The 1AI(13) and IAI(14) with film-like Ag interlayer showed comparable Young’s

modulus to that calculated by the rule of mixture.
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Figure S8. Thicknesses of Ag interlayers of IAI(8), (12), (25), and (50) measured by SEM images.

Three images were analyzed for each sample.
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Figure S9. Dimension of the femtosecond laser patterned IAl samples. The photo represents the

femtosecond laser patterned IAl sample.
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Figure S10. Stress—strain curves as a function of Ag thickness. (a) Reference ITO thin film. (b-i)

IAI(8), 1AI(10), IAI(11). IAI(12), IAI(13), IAI(14), IAI(25), and IAI(50) thin films.
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Figure S11. (a) A representative load-displacement curve showing the DCB test procedure
including cyclic loading, crack growth, and unloading. (b) Measured mode | adhesion energy of
the IAl specimens. The IAI(8) represents the adhesion energy between the epoxy/ITO interface

and others represent the adhesion between ITO/Ag interface.
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