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Table 1. Properties of PEALD layers deposited on SiO2/Si substrate (Sample 1) and on sapphire (Sample 2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIG. 1. XRD spectra measured using gracing 

incidence angle XRD scan mode ( =0.5°) of AlN layer 

deposited by PEALD (N2/Ar plasma, power 300 W, at 

300 °C, TMA precursor).                                                                                     

Red line – 12 nm AlN thickness; blue line – 66 nm AlN 

thickness.   The peaks of hexagonal AlN are marked.                                         

Increasing the AlN thickness leads to better texturing 

of the film, which is indicated by rising and narrowing 

of the XRD peaks. 

 

Sample Layers
Number of 

deposited 

cycles

Layer thickess measured 

in TEM, nm

Layer thickess measured 

by ellipsometry, nm

Layer thickness 

measured by XRR, 

nm

Layer density 

measured by XRR, 

g/cm3

TiN resistivity as 

grown, µW.cm 

TiN resistivity 

postdeposition 

annealing, µW.cm

AlN 150 7.8 - 8.4 7.9 8.8 3.28

TiN 250 14.8 - 16.1 14.6 5.26

AlN 150 6.8 - 7.5 7.1 7.5 3.32

TiN 250 14.7 - 15.7 14.3 5.2

Sample 2     
(PEALD N2/Ar plasma 

on sapphire substrate)

10.5 10.4

Sample 1      
(PEALD N2/Ar plasma 

on SiO2/Si substrate)

84 84

FIG.2. BF TEM micrographs of the TiN/AlN films grown on SiO2/Si substrate (right) and on sapphire 

substrate (left) with N2 plasma.                                                                                                                

Sapphire substrate initiated epitaxial-like growth. In the case of SiO2/Si substrate AlN layer is much 

less uniform, growth of TiN is less related to AlN 
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FIG.3. HR TEM micrograph and FFT 
analysis of TiN/AlN film grown on SiO2/Si 
substrate. AlN layer thickness is about 8 nm.                                                  
FFT1, FFT2, FFT3 are taken from the areas 
marked on TEM image:                                           
FFT1 – Si substrate;                                               
FFT2 – AlN layer;                                                   
FFT3 – TiN layer.                                                      
AlN grown on an amorphous substrate is 
poorly textured.                                                        
TiN is almost not structurally related to AlN 
IL, the extent of texturing is low.  

FIG.4. HR TEM micrograph and FFT 
analysis of TiN/AlN film grown on a sapphire 
substrate. AlN layer thickness is about 7nm.                                                             
FFT1, FFT2, FFT3 are taken from the areas 
marked on the TEM image:                                       
FFT1 – TiN layer;                                                   
FFT2 – sapphire substrate;                              
FFT3 – AlN layer.                                                     
AlN is perfectly aligned with the sapphire 
substrate, is highly textured and almost 
single crystalline. 
TiN is structurally related to AlN IL and 
sapphire, textured as well. It preserves 
mosaicity of ~15 nm grains.   

 

 FIG.5. HR TEM micrograph and FFT 
analysis (inset) of AlN film grown on SiO2/Si 
substrate.                                                                    
AlN thickness is ~ 66 nm.                                     
The  AlN grows poorly texturized up to the 
layer thickness of ~ 20 nm.                                       
Highly texturized columnar growth of AlN is 
observed when the layer thickness becomes 
greater than 20-25 nm.                                 


