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Effect of Zr content on the structure and hardness of CrZrN thin films

prepared by reactive DC magnetron co-sputtering method
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Abstract

In this research work, a nanostructured chromium zirconium nitride (CrZrN) thin film was deposited on Si(100)
by reactive DC magnetron co-sputtering method at room temperature. The effects of zirconium content on the structure
and hardness of the as-deposited thin films by varying the sputtering currents applied to the Zr target (l,,) in the range
of 300 mA to 900 mA, while the current of Cr target (I ) was kept at 300 mA were investigated. The crystal structure,
microstructure, morphology, thickness, and chemical composition were characterized by X-ray diffraction (XRD), Field
Emission Scanning Electron Microscopy (FE-SEM), and Energy-Dispersive X-ray Spectroscopy (EDS) techniques,
respectively. The results showed that increases in |, enhanced the deposition rate from 7.9 nm/min to 17.9 nm/min
and increased the Zr content in the as-deposited films from 6.71 at% to 45.91 at%. The as-deposited films were formed
as a (Cr, Zr) N solid solution, with fcc structure in (111), (200), and (220) planes. The lattice constant increased from
4164 A to 4.485 A, whereas the average crystallite size decreased from 9.8 nm to 2.8 nm, showing that the as-
deposited film has a nanocrystalline. The FE-SEM micro-images of all the CrZrN thin films showed compact columnar
structure and dense morphology as a result of various Zr content in the films. Moreover, the thickness of the thin films
was in the range of 475-1075 nm. The as-deposited film in this research work composed of chromium, zirconium, and
nitrogen in different ratios, depending on 1. The hardness of films measured by the nano-indentation technique increased
from 9.1 GPa to 18.6 GPa with respect to an increase in zirconium content and a decrease in average crystallite size.

Keywords: hard thin films, chromium zirconium nitride, sputtering current, reactive magnetron co-sputtering
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Figure 1 The diagram and features of the PVD coating system used in this research work.

Table 1 Thin film deposition conditions.

parameters

details

sputtering target

substrate

substrate temperature
substrate-target distances (d,)
base pressure (P,)

working pressure (P,)

flow rate of Ar

flow rate of N,

Cr target sputtering current

Zr target sputtering current

deposition time

Cr (99.95%), Zr (99.95%)
silicon
room temperature
130 mm
5.0x10° mbar
5.0x10" mbar
10 sccm
2sccm
300 mA
300, 600, 900 mA
60 min
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Table 2 Chemical composition, atomic ratio, and film composition of the as-deposited thin films.

chemical composition (at%) atomic ratio film composition
code L (mA)
Cr zr N x = Zr/(Zr+Cr) y = N/(Zr+Cr) CrHerNy
CrzrN-05 300 30.88 6.71  62.41 0.18 1.66 Cry 027 16N, 6
CrzrN-30 600 14.56 3221 5323 0.69 1.14 CrosiZryeoN, 1,
CrZrN-45 900 11.80 4591 4229 0.80 073 Cry 2o soNo 75

ZriN(111)
CrN(111)
ZrN(200;
Cri(200)

Intensity (a.u.)

2ZriN(220)
CrN(220)

Zr content

CrZrN-45 : Zr=459 at%

CrZrN-30 : Zr=32.2 at%
Wy
i
\

CrZrN-05 : Zr=6.7 at%

20 25 30 35 40 45

50 35 60 65 70 75 80

2 Theta (deg.)

Figure 2 XRD patterns of CrZrN thin film with different Zr contents.
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Table 3 Thickness, crystallite sizes, and lattice constants of the as-deposited thin films.
L, thickness crystallite size (nm) lattice constant (A)
code
(mA) (nm) (111) (200) (220) average (111) (200) (220)
CrzZrN-05 300 475 8.9 9.0 11.4 9.8 4.184 4164 4182
CrzZrN-30 600 735 8.8 7.8 - 8.3 4.263 4.241 -
CrZrN-45 900 1075 2.8 - - 2.8 4.485 - -
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Figure 5 FE-SEM images of CrZrN surface morphology thin film with different of Zr contents.
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Figure 6 Cross-sectional FE-SEM images of CrZrN thin film with different of Zr contents.
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Figure 7 Load-displacement curve measured
by nanoindenter on CrZrN films with

different of Zr content.
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Figure 8 Hardness of CrZrN films as (a) a function of Zr content and (b) a crystallite size.
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