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Fig 1: (a) Roughness as a function of deposited thickness for Al2O3 on 47 nm ZnO compared to the uniform front propagation 
model. (b) Power spectral density from AFM measurements compared to simulations for different deposited thicknesses. At high 
wavenumbers the results deviate due to contributions of electronic noise 

Fig 2: (a) Roughness as a function of etched thickness for Al2O3 on 47 nm ZnO compared to the uniform front propagation model 
with and without the inclusion of a diffusion term ε. (b) Power spectral density for the starting Al2O3 film on 47 nm ZnO (black), 
after 35 nm ALE (red) and the model data with diffusion term (blue) and without (green). These results illustrate that to model 
ALE accurately both uniform front propagation and curvature-dependent fluorination must be considered. 

Fig 3: (a) Simulation of how a thin closed film can be achieved using combined ALD + ALE processing, concept adapted from 
George et al.1 (b) how the RMS roughness changes during the ALD + ALE simulation. By combining ALD + ALE ultrathin films with 
low roughness can be achieved.
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