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S1. Si wafers coated with ZnO (N=1)

Fig. S1. (a) Si wafer and (b) Si wafer after ALD ZnO coating.

The coating of Si wafers (with native SiO2 layer on top) by Al-doped ZnO clearly alternates

the wafer morphology, as observed from the height profile images of Figure S1, verifying the

efficiency of ALD film deposition.
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S2. AFM images of the Al-doped ZnO/CNC hybrids (N=4 to N=8)

Fig. S2. AFM height images of ZnO/CNC hybrids. N number denotes the coating layer sequence and the

concentration is indicated on the top of each column.

The coating effect is clearly visible through the AFM images, as the number of layers (N)

increases. Specifically, on the 25 mg dm-3 hybrids (a, d, g, j, m) an increasingly blurry

appearance is exhibited because of the additional layers added, since the lower CNC surface

coverage allows the coating effect visualization.
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S3. CNC surface coverage

Figure S3 demonstrates phase contrast AFM images for ZnO/CNC for the N=2 hybrids. As

observed, increase in the CNC concentration leads to an increase in the CNC surface

coverage.

Fig. S3. Phase contrast AFM images of the N=2 hybrids for the three different concentrations employed.

The CNC surface coverage for the ZnO/CNC (N=2, c=25 mg dm-3) and ZnO/CNC (N=2,

c=100 mg dm-3) was extracted through ImageJ software analysis and the values are reported

in the main article (Table 1). However, the results for the ZnO (N=2, c=250 mg dm-3) were

misleading.  Increase of the concentration to 250 mg dm-3 provides full CNC coverage on the

ZnO wafer, yet ImageJ analysis was unable of establishing it, due to inability of detecting the

CNCs underneath the top layer. Therefore, we present the corresponding phase contrast

images to demonstrate the full-coverage for the 250 mg dm-3 CNC layer (Figure S3). The

lower concentrations show clear phase contrast between the substrate and the CNCs (Figures

S3a and S3b) whereas the CNC layer spin coated from 250 mg dm-3 concentration shows a

uniform phase (Figure S3c), indicating that the layer is made of a single material only.
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S4. HIM thickness measurements

Table S1. Cross-sectional HIM images were used to manually measure the thickness of the

samples after deposition of all 9 layers. Measurements from three different positions, p1, p2,

p3 as well as their average are reported. The estimated accuracy of the average values is ± 2

nm.

Thickness (nm)

Sample p1 p2 p3 Average

N=9

c=25 mg dm-3

76.2 72.9 75.3 74.8

N=9

100 mg dm-3

80.7 81.6 82.3 81.5

N=2

250 mg dm-3

88.8 89.0 93.2 90.3
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S5. X-ray reflectivity (XRR) fitting protocol

After the initial model’s construction, described in the experimental part of the main article,

the following procedure was applied in order to obtain the best fitting:

1. Segmented fitting method was selected.

2. Initially, only the clear section of each pattern was selected for fitting.

3. The fittings were initiated with a margin error of 40 % and after reaching an acceptable

fitting level, it was gradually decreased down to 5 %.

4. The fitting range increased to full range of the pattern.

5. The instrumental factors were also added to the fittings as variables to be refined.

6. In the same way as the initial short-range fitting, the full range fitting started with a

margin error of 40 % and decreased to 5 %.

7. The final fittings were double checked with combining genetic algorithm with segmented

fitting method.

8. For the final refinement, all the layers were delinked to be fitted individually.

Figure S4 demonstrates an example of the XRR pattern fitting procedure.

Fig. S4. Example of the XRR pattern fitting: solid lines represent the experimental patterns and dashed lines

represent the fitted ones.


