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1 PVD Parameters

PVD deposition parameters for the Al top layer are summarized in Table S1 below.

Table S1: PVD parameters for deposition of the Al top layer

Interface type native artificial

Testing method uniaxial biaxial uniaxial biaxial

Current [mA] 280 280 280 280
Ar flow rate [sscm] 10 10 10 10
Base pressure [mbar] 1.5× 10−7 1.9× 10−5 2.5× 10−6 8.7× 10−8

Working pressure [mbar] 9.8× 10−3 9.2× 10−3 7× 10−3 7× 10−3

Deposition rate [nm / s] 0.080 0.075 0.080 0.081

2 Additional IPF maps

Figure S1 shows ACOM IPF y maps of the investigated microstructures to ascertain the

absence of thin film texture.

Figure S1: ACOM IPF y (in-plane direction) maps of the investigated Al microstructures.
A, B: Al films on polyimide (native interlayer system). C: Al film with am–AlOxHy artificial
ALD interlayer on polyimide. Grain boundaries are marked with black lines. Note that only
the Al layer is shown.
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3 FWHM evolution at different chi angles

For uniaxial XRD measurements, FWHM values at χ = 90° are shown in Figure S2 be-

low. Regarding FWHM recovery during unloading, the data (parallel measurement, top and

transverse, bottom) show a similar trend for native (A) and artificial (B) interface systems

as biaxial FWHM measurements discussed in the main manuscript, however, as the signal

intensity is lower for this experiment, the scatter is increased.

Figure S2: FWHM evolution as a function of applied strain at χ = 90° recorded during
uniaxial measurements parallel (top) and transverse (bottom) to the tensile direction. A:
native interlayer, B: artificial interlayer.

For the discussion of deformation domains for biaxial measurements, FWHM at χ =

90° (equivalent to ψ = 0°) is plotted in the manuscript (Figure 4) together with the Al

film stress as a function of applied strain. Figure S3 shows all FWHM versus applied strain

curves recorded at different χ angles during sin2ψ analysis for Al/PI and am-AlOxHy interface

systems, respectively, showing the same trends as the curves discussed in the main text.
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Figure S3: FWHM evolution as a function of applied strain recorded at different χ angles
during sin2ψ analysis for biaxial tensile straining. A: native interlayer, B: artificial interlayer.
Note the different FWHM scales in A and B.

4 Post-mortem SEM images

Post-mortem SEM images of biaxially tested samples with mud-crack crack patterns are

shown in Figure S4 below. Cracks visible on the surface are indicated with white arrows,

growth hillocks with white circles.

Figure S4: Post-mortem SEM images of equi-biaxially tested samples. A: Native interlayer
system, B: artificial interlayer system. Hillocks grown during the deposition are indicated
with white circles, while cracks are indicated with white arrows.
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5 Theoretical yield stress calculations

The Hall–Petch (H-P) relation:1

σyield,H−P = σ0 +K ∗ d−
1
2 (S1)

with σ0 = 11.3 MPa the bulk strength and K = 0.07 MPa m
1
2 the Hall–Petch constant2 and

the Nix model combined with the H-P relation:3

σyield,Nix+H−P = 3.464∗ b

2π ∗ (1− ν) ∗ h
∗
[
µf ∗ µs

µf + µs

∗ ln(βs ∗ h
b

) +
µf ∗ µo

µf + µo

∗ ln(βo ∗ t
b

)

]
+σyield,H−P

(S2)

were used for yield stress calculations in the main manuscript, with b = 0.286 ∗ 10−9

(Burgers vector), βo = 17.4, βs = 2.6 (constants), µf = 24.8 GPa, µo = 178.9 GPa,

µs = 1 GPa (shear moduli of film, oxide, and substrate), ν = 0.31 (Poisson’s number), h

(film thickness) and t (oxide thickness).

6 Additional resistance curves

To determine the adhesion energy and saturation crack and deformation spacings, as well as

R/R0 at high strains, samples were uniaxially loaded to 40% strain, with in-situ resistance

measurements, the representative results of which are shown in Figure S5. COS and EFS

values as well as the maximum R/R0,max ratio follow the same trend as the measurements

presented in the manuscript, with an added artificial interlayer increasing both COS and

EFS and decreasing R/R0,max.
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Figure S5: In-situ resistance curves of native (A) and artificial (B) interlayer samples tested
to 40% uniaxial strain. Note the different R/R0 scales.

7 Adhesion energy calculation

Buckle geometry measurements for both native and artificial interlayer systems (δ = height

and b = half width of the buckle) are reported in Figure S6.

Figure S6: Adhesion analysis of native (A) and artificial (B) interlayer systems using the
TID model. Upper and lower bounds for the fitted α value (green line) are marked with red
and blue dashed lines, respectively. The data used for the R2 analysis of the fitting function
is marked with star symbols.

Measured values can be fitted with the α value using the tensile induced delamination

(TID) model,4
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where α is directly related to the adhesion energy Γ via:

α =
4Γ

hE ′
f

(
2

π
)4 (S4)

with E ′
f = Ef/(1− ν2f ) (E

′
f = 7.95× 1010) as the modified Young’s modulus to account

for the Poisson effect. Average α values of 6.5×10−4 (native) and 9.0×10−4 (artificial) were

used in the analysis to provide a lower bound for the adhesion energy. Average α values

were chosen to be within 10% deviation of the lowest data points. Upper and lower bounds

for this value are shown in Figure S4. An R2 fit analysis was applied to a subset of the data

(red stars) to determine the fit correspondence.
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