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AFM image of an In2O3:H sample deposited at 100 oC. 

 

Figure S1 AFM image of an as-deposited ALD In2O3:H film showing the crystals protruding from the surface. 

Figure S1 shows an AFM image of an as-deposited ALD In2O3:H film. The crystallites on the 
surface can be clearly distinguished. Figure S2 displays a one-dimensional cross-section of 
Figure S1, which shows a typical distribution of the height of the crystallites on the surface. 
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Figure S2 Horizontal cross-section of the AFM image of Figure S1, showing the height distribution of the surface crystallites. 

Top-view SEM images at various stages of crystallization 

Table S1 Selection of top-view SEM images of In2O3:H films annealed at various temperatures for various times. Note that the 
images of the samples annealed at 165 oC for 60 minutes and 200 oC for 2 minutes have a different scale.  

 
30 min 150 oC 

 
60 min 150 oC 

 
240 min 150 oC 

 
30 min 165 oC 

 
60 min 165 oC 

 
240 min 165 oC 
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10 min 175 oC 

 
20 min 175 oC 

 
60 min 175 oC 

 
5 min 185 oC 

 
10 min 185 oC 

 
30 min 185 oC 

 
1 min 200 oC 

 
2 min 200 oC 

 
5 min 200 oC 

 

Details of the numerical implementation of the growth model 

To simulate the crystal growth, a three-dimensional Cartesian grid with a grid spacing of 
1 nm was created that can accommodate a number of randomly distributed surface crystallites NS 
at a given surface nuclei areal density ns.  Therefore, the size in the x- and y-directions (Lx and 
Ly) of the square grid is given by: 

𝐿𝐿𝑥𝑥 = 𝐿𝐿𝑦𝑦 = 𝑁𝑁𝑆𝑆
�𝑛𝑛𝑠𝑠

          (1) 

In the z-direction, the grid size Lz has been kept constant at 75 nm, corresponding to the 
film thickness. From SEM imaging, the average areal density of the surface crystallites ⟨ns⟩, is 
known to be 6.3 μm-2. Since twenty surface crystallites were simulated, i.e. NS=20, the lateral 
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grid dimensions Lx and Ly are ~8 μm. Also, periodic boundary conditions have been applied to 
the grid in order to exclude grid size effects.  

During initialization of the simulation, NS nuclei with a size of 1 nm3 are given random 
(x,y) positions at the film surface (z=75 nm). The grid points g(x,y,z) corresponding to these 
nuclei are given a value of 1, corresponding to the crystalline state. All other grid points g(x,y,z) 
are set to a value of 0, corresponding to the amorphous state. Subsequently, for each iteration 
number I the nuclei expand radially by a distance of r nm. This means that for each iteration, it is 
checked for each gridpoint (x, y, z) whether its distance to the closest nucleus is smaller or equal 
to the product of r and l. If so, the state of the grid point is set to be crystalline.  

After each iteration I, the crystalline fraction Xc is determined from the fraction of grid 
points that is crystalline: 

𝑋𝑋𝑐𝑐(𝐼𝐼) =
∑ 𝑔𝑔(𝑥𝑥,𝑦𝑦,𝑧𝑧)𝑥𝑥,𝑦𝑦,𝑧𝑧

𝐿𝐿𝑥𝑥𝐿𝐿𝑦𝑦𝐿𝐿𝑧𝑧
         (2) 

In order to determine the surface crystalline fraction Xc,surf, equation (2) was evaluated only for 
the surface grid points (z=75, Lz=1). Note that these simulations yield a crystalline fraction Xc as 
a function of the discrete iteration number I and not of the time t. In order to translate the 
iteration number I to time t, it is important to realize that each iteration step the radius of the 
crystals grows by the step size r, i.e. 1 nm in our case, and that the crystallites have an initial 
radius r0. Therefore it follows that 𝑡𝑡 = (𝐼𝐼 ∙ 𝑟𝑟 − 𝑟𝑟0)/𝑣𝑣𝑔𝑔(𝑇𝑇), in which vg(T) is the temperature-
dependent grain growth rate. Both the average initial radius ⟨r0⟩ of the crystallites (47 nm), and 
the temperature-dependent grain growth rate vg(T) are known from the SEM analysis, and have 
been used as input parameters. 


