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Abstract -- Nano structured TiCrN films were coated on Micro drill bits by pulsed reactive DC magnetron sputtering technique .We have also deposited nano 
structured TiCrN coatings on silicon wafer and on stainless steel substrates. The process parameters have been optimized to achieve highly adherent good quality 
TiCrN coating. The crystal structure, chemical composition and morphology of the TiCrN films were characterized by X ray diffraction, Atomic force Microscope, 
Scanning Electron Microscope and energy Dispersive analysis of X ray (EDAX). X ray diffraction patterns and Structural morphology of SEM results of different 
frequencies of power supply was compared.50 holes are drilled on 1mm thick 316L stainless steel plates by means of both the coated and uncoated drill bits. The 
holes are compared for its diametral precision, Chip removal and delamination area. 
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I.  INTRODUCTION 

In recent years, there have been considerable advances in the 
development of hard and wear-resistant coatings for applications 
in the field of cutting tools and other moving parts to improve 
durability (Stappen et al 1995). Transition metal nitrides such as 
titanium nitride (TiN), chromium nitride (CrN) and titanium–
aluminum nitride (TiAlN) have been widely used as protective 
super hard coatings to increase the lifetime and performance of 
the cutting and forming tools (Horling et al 2005; Reiter et al 
2006; Endrino et al 2006). These coatings have also shown their 
ability to improve the corrosion resistance of a variety of steel 
substrates (William Grips et al 2006). Addition of Al into TiN 
(or CrN) has been shown to improve the oxidation resistance of 
transition metal nitrides considerably (Barshilia and Rajam 
2004a; Barshilia et al 2005, 2006). The structure and properties 
of TiN have been studied in detail by several researchers. 
 

Recently, the ternary nitride films such as TiCrN [6-11] , 
CrZrN [12], TiAlN [13] , and CrAlN [14] are greatly interesting 
to enhance the mechanical and chemical properties at high 
temperature. TiCrN, especially, has been attracting more 
attention owing to high hardness, high temperature oxidation 
resistance, and low friction coefficient [6-11, 15-21]. Actually, 
it is well known that the film properties strongly depend on the 
microstructure of the films such as phase, grain, and defect 
structure which relate to the deposition parameters. In general, 
TiCrN films can be prepared by different techniques such as 
reactive magnetron sputtering, ion beam assisted deposition, 
cathodic arc, and electron beam evaporation. Among these 
methods, the reactive magnetron sputtering is one of the most 
widely used techniques to prepare the films with large area 
uniformity and strong adhesion. 

 
Although there are many research works regarding the 

structural and mechanical properties of TiCrN films, few studies 
reported the influence of the deposition parameters on chemical 
state and electronic structure of the TiCrN films 

In this paper, to achieve dense and defect free TiCrN 
coatings, nano structured TiCrN coatings on Si Wafers using an 
indigenously developed cost effective pulsed reactive direct  

 
 
current magnetron sputtering process. 

 
II. EXPERIMENTAL PROCEDURE 

     The sputtering system consists of magnetron cathodes, the 
substrate holder, the feed-through, etc. High vacuum pumping 
system with a turbo-molecular pump was used to create a 
vacuum in the chamber of the order of 2.0 x10-5 mbar. Two 
direct-cooled unbalanced magnetron cathodes with feed-through 
mounted vertically in opposed-cathode configuration are used 
for co-sputtering. The guns which holds the Ti target was 
powered by unipolar-pulsed DC generator and the Cr target was 
powered by D.C generator. The substrates were mounted on a 
substrate holder plate with planetary rotation and heating 
facility. This ensures uniform deposition of complex shaped 
substrates. A DC power supply was used for substrate bias and 
ion bombardment. 
       
     Si (100) wafers (10mm × 10mm) were cleaned 
ultrasonically in distilled water and acetone. In order to deposit 
TiCrN coatings Ti (purity 99.95%) target and Cr (purity 
99.99%) target were sputtered in high purity Ar (99.999%) and 
N 2 (99.999%) plasma. The diameter of the sputtering targets 
was 50mm. The sputtering was done at a total Ar &N2 gas 
pressure of 5x10 -3 mbar. The flow rates of Ar and N2 gases 
were controlled separately by mass flow controllers. The 
substrate to target distance was approximately 7 cm. The 
coatings were deposited at a substrate temperature of 
approximately 400 °C. The pulsed generators was operated at 
frequencies of 0 and 10 kHz and with a power of 160w and the 
D.C generators was operated with a power of 60w.. The 
thickness of the coating was 2µm. 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 7, Issue 4, April-2016                                                                                                     204 
ISSN 2229-5518   

IJSER © 2016 
http://www.ijser.org 

      
    The structural analysis of the TiCrN films were done by X-
ray diffraction (XRD: PANalytical, PW3040/60 X’pert PRO) 
using a monochromatic Cu K radiation and generator settings 
of 40 kV and 40mA. The XRD patterns were acquired in a 
continuous mode, scanning speed of 2°/min. 

Table 1. Deposition conditions for TiCrN films. 
Parameters Details 
Base Pressure (mbar) 2x10-5 
Working Pressure(mbar) 5x10-3 
Ti Sputtering Power, PTi (w) 160 
Cr Sputtering Power ,PCr (w) 60 
Sputtering Temperature (°C) 400 
Frequency (kHz) 0,10 
Duration (min) 120 

 
The elemental composition of the coatings was determined 

using energy dispersive X-ray analysis (EDAX) attached to 
SEM. The surface and structural morphologies were 
examined by atomic force microscopy and Scanning Electron 
Microscopy (Hitachi, S-3000H). 

 
III. RESULTS AND DISCUSSIONS 

 
The X-ray diffraction patterns of TiCrN films deposited at 

various frequencies was shown in the fig.1. After deposition, the 
ferrite peaks are no longer detected and corresponding TiN, CrN, 
or TiCrN diffraction peaks can be observed. For TiN film, the 
(111), (200), (220) and (222) planes exhibited diffraction angles 
(2θ) of about 36.6°, 43.6°, 63.5°,74.5°and 79.6°, respectively. 
Since CrN had the same crystalline structure as TiN but with a 
different lattice constant, those diffraction peaks were 37.0°, 
43.6°,63.3° and 79.6° respectively. 

 
The TiCrN film exhibited a similar XRD pattern as those of 

TiN or CrN. Initially coating at a frequency 0kHz two peaks are 
formed at an angle of 36.6° and 79°.Further increase in the 
frequency of the pulsed D.C. generators to 10kHz additional 
peaks arises at an angle of 43.6° and 63.5°. All the peaks with 
their corresponding hkl values are noted. 

  
The structural morphology of the TiCrN films with different 

conditions of Ti sputtering frequencies was examined by SEM 
as shown in Figure 2. The results revealed that these films 
showed globular structure and as the frequency increased 10 
kHz, the formation TiCrN particles becomes much denser.  

The elemental composition of the TiCrN films was 
investigated by EDAX was show in the fig.2. As seen in the 
table 2, it shows the content of materials available on the 
coating in %wt. Overall Ti content in the coating was 23.02 % 
and chromium is 3.55 %. The sample used for this testing is 
TICrN coated on Si wafer.  
 

Table 2. Elemental Composition of TiCrN films 

 Materials Elemental Composition at % 
 Titanium 23.02 
 Chromium 3.55 
 Silicon 38.78 
 Nitrogen 34.65 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 XRD Pattern of TiCrN coating 

 
As the coating is very thin, the Si wafer was also exposed 

which gives a Si weight % of 38.78 and the presence of N on 
the coating is 34.65%. 

The presence of Titanium and chromium in the films is 
approximately the ratio of 6.5:1. The AFM surface images of 
the TiCrN films as a function of Ti sputtering frequencies are 
shown in Figure 3.It was found that the films have rough 
surfaces and sphere like TiCrN particles were formed as same as 
the SEM images. 

 
 

. 
 
 
 
 
 
 
 
 

Fig. 2. Structural SEM morphology of TiCrN films deposited on 
different frequencies (a) 0, (b) 10 kHz 
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Fig. 3. AFM data of TiCrN coating deposited on Si wafers at 
sputtering frequency of 0KHz 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4. AFM data of TiCrN coating deposited on Si wafers at 

sputtering frequency of 10KHz 
However, it is seen that the surface morphologies of the films 

deposited at various sputtering frequencies are significantly 
different. As the increased from 0 to10 kHz, the root-mean-
square roughness ( rms) increased from 1.33 to 1.51nm. 

 
IV.COMPARATIVE STUDIES ON MICRO DRILL BITS 

Nano structured TiCrN was coated with optimized coating 
parameters to achieve good quality adherent coating was made 
on micro drill bits.Fig.7 shows the image of TiCrN coated micro 
drill bit. 

 
 

Fig. 5. TiCrN coated micro drill bit 
The coated and uncoated drill bits are tested on 1mm thick 

316L stainless plates. 50 holes are drilled on plates by both the 
drill bits. The images of 1st and 50th holes are recorded by 
means of Rapid-I machine vision system. Diameter precision of 
the hole, delamination and chip removal of the both drills are 
compared. 

 

Fig.5 Holes drilled by TiCrN and uncoated micro Drill bit. 
 
When drilling stainless steel, the built up edge is either absent 

or is very small with TiCrN coated drill bit. The surface finish is 
greatly improved by elimination of built up edge with the TiCrN 
coated drill bit. The quality of the drilled hole was significantly 
better than uncoated drill bit. The surface finish, diameter 
precision of the hole, reduced material build up on the cutting 
edges and finally increased tool life were obtained with TiCrN 
coated HSS drill bits. The material build up on the margin of the 
drill bit leads to poor surface finish of the drilled hole. 

It was possible to effectively overcome the formation of 
material build up on the area of the cutting edge and smoother 
flow of the chip over the coated flutes. With uncoated drill bit, it 
was not possible to effectively overcome the formation of 
material build up on the area of the cutting edge. 

 
 

V. CONCLUSIONS 
 

Nano structured TiCrN films were deposited by Pulsed 
DC Magnetron sputtering technique. The effects of the Ti 
sputtering frequency on the chemical state, electronic structure, 
crystal structure, and morphology of the films were investigated. 
The XRD results shows that with increase in frequencies from 0 
to 10 kHz additional peaks are seen which means that the 
addition deposition of excess TiCrN particles on to the 
substrate. The SEM result shows that globular structures of 
TiCrN particles are formed. Elemental Composition of Titanium 
to Chromium on the film is approximately in the ratio of 
6.5:1.Increased presence of Ti is because of pulsed D.C power 
supply given to Ti Target. AFM images showed the roughness 
of the film surfaces. An improved diameter precision and chip 
removal was found by drilling with TiCrN coated drill bits and 
the delamination area was also considerably reduced. 
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