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Abstract: 3% to 8% silicon addition in ZrN thin films was deposited by magnetron sputtering 
to verify its influence on coatings morphology and mechanical properties. All samples 
analyzed by XRD have (111) preferred orientation, but there is a peak intensity reduction and 
a broadening increase for the sample with the highest Si content. Chemical composition and 
thickness of the coatings was determined by RBS. No significant changes in nanohardness 
with increasing Si were found. The thin film morphology presents columnar and non 
columnar characteristics due Si contribution to ZrN grains nucleation. 
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Introduction 
 

Nitride transition metal thin films have been used in last decades due properties as 
hardness, wear resistance, mechanical strength and thermal stability [1]. Zirconium nitride is a 
typical coating used because of its tribological properties and corrosion / oxidation resistance. 
Even with differentiated properties, ZrN thin films have columnar microstructure, micro-
cracks and pores (RMS deposition characteristics). These defects allow direct contact between 
the external medium and the substrate, which compromises the mechanical properties and 
applications in high temperature environments and in the presence of corrosive fluids [2]. 

The study proposal is to deposit films of Zr-Si-N system to improve the characteristics 
of ZrN coatings (mechanical and tribological properties and, in particular, coating 
morphology). The third element (Si) addition causes changes in the film morphology and 
structure and has potential to change the macroscopic properties [3]. DRX, SEM, RBS and 
nanohardness techniques were used to characterize the ZrSiN thin films. 
 
 
Experimental Procedure 
 

The films were deposited by RMS with an AJA Orion 5-HV Sputtering Systems 
model with deposition rate sensor coupled. Before deposition, the substrates were properly 
cleaned, the chamber was preconditioned (base pressure of 1x10-7 Torr) and targets were 
bombarded ionically (remove oxide layers from the surface). Deposition parameters: working 
pressure of 3 mTorr; Zr deposited with 6 W/cm²; Si deposited with distinct powers (change its 
content in the film); total flux of N2+Ar of 21 sccm and ambient temperature. It was used 
different substrates (Si monocrystalline and polymer) for each characterization technique. 



The XRD diffractions were performed on a Shimadzu XRD-6000 model with grazing 
angle of 1° (Cu-Ka radiation - λ=1.54 Å). The morphology of the film was observed on a 
high-resolution SEM (FEG-SEM JSM-6330F) with an EDS system coupled. 

Nanohardness analysis were performed in a Fisherscope HV 100 with a Berkovich 
indenter and indentation depth of 40 nm. RBS analysis were performed using a 3 MV 
tandetron with alpha particles accelerated up to 2 MeV, with a silicon based detector at an 
angle of 165°. 
 
 
Results and Discussion 
 

The stoichiometric ZrN film has a metallic gold color and the ZrN film deposited with 
Ar/N2 ratio of 19/2 presented this characteristic. Three Si/(Si+Zr) ratios were determined to 
investigate the influence of the silicon content in Zr-Si-N films. The content estimation was 
made with deposition rate data and subsequently checked by RBS analysis (Table 1), which 
also shows that the films have hafnium (Zr target maximum achievable purity is 99,7% and 
the main impurity is Hf) and oxygen contamination (Figure 1a). 

 
Table 1 –RBS Analysis (data just for N, Zr and Si atoms). 

Sample N (at. %) Zr (at. %) Si (at. %) Si / (Zr+Si) 
ZrN 48,47% 51,53% 0% 0% 

ZrSiN_1 48,36% 48,43% 3,21% 6,22% 
ZrSiN_2 49,40% 46,53% 4,06% 8,03% 
ZrSiN_3 45,86% 46,31% 7,83% 14,47% 

400 600 800 1000 1200 1400 1600 1800 2000
0

100

200

300

Zr

HfSiO

N

C
ou

nt
s

Energy (keV)

 ZrSiN_3

Substrate

 
30 35 40 45 50 55 60 65 70 75

ZrSiN_1

ZrN

ICDD PDF 35-0753

ZrSiN_3

ZrSiN_2

 

  ZrN
(222)

  ZrN
(311)

  ZrN
(220)

  ZrN
(200)

  ZrN
(111)

C
ou

nt
s

2θθθθ

 

 

 
Figure 1: (a) RBS – oxygen and hafnium contamination; (b) XRD analysis 

 
XRD analysis (Figure 2b) shows that ZrN film has strong (111) preferential 

orientation, but I(200)/I(100) relation is increased with Si addition (200 has the lowest surface 
energy). The ZrN, ZrSiN_1 and ZrSiN_2 spectrum are almost identical, but the ZrSiN_3 has a 
peak intensity reduction and a small increase in (111) peak width, demonstrating a 
considerable loss of crystallinity or grain size reduction. In fact, increasing Si content 
indicates a higher Si3N4 amount in the film. This structure is amorphous (confirmed by XRD), 
which promotes to reduce the diffraction peaks intensity. Si3N4 particles contribute to ZrN 
grain nucleation process during film growth, resulting in a structure with reduced grain size. 
The crystallite size calculated by Scherrer for ZrSiN_3 is about 8 nm, while for others films is 
11 nm. Despite contaminants content, it was detected by XRD no crystalline phase associated 
with oxygen. 

(a) 
 

(b) 
 



Nanohardness tests (Figure 2a) shows that ZrN hardness is about 15.6 GPa, value 
consistent with literature. Samples ZrSiN_1 and ZrSiN_2 had no significant variation in 
nanohardness, confirming the XRD results (Si addition was not enough to change the 
structure and mechanical properties). The ZrSiN_3 sample has the same nanohardness, even 
with the crystallite size reduction. The oxygen contamination apparently inhibits the effects of 
Si addition, especially when talking about mechanical properties [4]. 
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Figure 2: (a) Nanohardness; (b) SEM image. 

 
SEM analysis (Figure 2b) of ZrSiN_2 cross section shows a columnar morphology 

(RMS films characteristics), but apparently there are regions where this structure is not 
observed, which means that silicon can block the columnar structure (Si restricts the columnar 
growth due an increase in ZrN grain nucleation). 

 
 

Conclusions  
 

Zr-Si-N thin films were deposited with Si/(Si+Zr) ratio of 6.2%, 8.0% and 14.5% as 
indicated by RBS analysis. 

DRX analysis demonstrate that Si highest content film (14,5%) has a (111) peak 
broadening and intensity reduction, but the preferred orientation (111) is maintained. XRD 
did not detect the presence of phases associated with oxygen. 

Nanohardness analysis indicate that there is no significat change in ZrN and Zr-Si-N 
films nanohardness. 

SEM analysis shows that ZrSiN_2 film has columnar structure, but no columnar areas 
can be observed too, indicating the Si potential to inhibit the film columnar growth. 
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