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ABSTRACT 

Nanoindentation is used for the determination of mechanical properties of thin-coatings 

comprising a mixture of hard phases. The load-depth plots represent minor fracture (energy ~ pJ) 

taken place due to assorted crystallization on the surface. The tip movement during the fracture 

is influenced by strain hardening due to brittle to ductile transformation and the amount of tip-

bluntness as evident from the fractorial normal stiffness.  

KEYWORDS: Nanoindentation, thin coatings, strain-hardening, tip-bluntness, fractorial normal 

stiffness 

 

INTRODUCTION 

The depth sensing nanoindentation has been efficient procedures for determining the 

mechanical properties of hard coatings for quite some time. Because of their high precision, the 

variations in crystallinity caused by compositional or depositional characteristics are represented 

with clarity. The fracture features of the sample surface that have been subjected to loading are 

also related to compositional changes that cause phase changes [1- 4].  

The location of the indentation can disclose important information about the surface properties 

of the material being studied. The load-depth charts change depending on the morphological 

region of the sample. The tip-sample interactions for indentations done on the grain, grain 

boundary, or triple junctions are reflected in the P-h plots, which when analyzed can provide us 

with significant information, especially for materials that rely on surface-based phenomena such 

as conduction. adhesion, wear, abrasion, and so on [5, 6]. The electron flow and even 

piezoelectricity have been discovered in certain nanocomposites such as Si-C-N, extending their 

application in sensors and nano/micro-electro-mechanical systems (N/MEMS) [7].  

Failure mechanisms associated with nanoindentation, such as fracture, delamination, 

and chipping, are critical areas of research for quality inspection of technologically 

significant nanocomposite hard coatings based on Ti, B, Si, C, and N elements, as well as 

bioceramics such as hydroxyapatite, which are used in the fabrication of small scale high 

precision devices and bio-implants. The nanocomposite hard coatings comprising of 
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phases like SiC, Si3N4, CNx, TiC, TiN, TiB2, cBN etc have applications in the fabrication of 

nano/micro-electro-mechanical systems (N/MEMS) based devices, interconnects as well 

as metallurgical protective coatings. Depending on the indenter form, the nature of the 

substrate, crystallographic qualities, pre-existing faults, internal micro-cracks, or pre-

strain, the stress generated by the indenter can influence fracture morphology as well as 

interfacial fracture energy. [8-15] 

MATERIAL & METHODS 

The hard films which are in the form of nanocomposites SiCN and TiB2 were deposited 

on silicon substrates by RF magnetron sputtering (HINDHIVAC, Bangalore) using a 2-inch 

sintered ceramic targets of SiC and TiB2 a with a supply of Argon, and nitrogen gas, 

details of which have been reported previously [15, 16]. The nanoindentation tests were 

performed by MTS Nanoindenter, USA having a 3-sided pyramidal Berkovich. Finite 

element Analysis (FEA) was performed using ABAQUS 6.13 

 

RESULTS & DISCUSSIONS 

The load-depth (P-h) plots corresponding to phenomenon involving fracture along with 

no fracture is shown in Fig 1a. The indentations were performed on the same film 

surface but with a gap of about 100 μm. The difference aroused due to heterogeneous 

crystallization during the sputter-growth of the film as reported previously. The 

magnified version showing the step formation due to fracture is given in Fig 1b. As it can 

be seen am energy of 4 pJ got dissipated due to the fracture process. The indenter tip 

during the event faces no resistance for penetrating 4nm until re-establishing contact 

with a hard phase underneath. A comparative plot showing the stiffness/Load vs depth 

showed a burst corresponding to the depth at which the contact is again reestablished. 

A discontinuity can be seen for the other case as there were no data available for the 

fractured region. The chances of fracture increases with the bluntness of the indenter 

tip, The increase in tip sharpness promotes plastic deformation. New dislocation created 

surrounding a crack in the plastic zone (rp = Γi/ᴨH) harden the material causing the burst 

a mentioned above [17]. The decrease in hardness of the region undergoing fracture as 

observed in Fig 1d corresponds to an increase in the plastic zone, ultimately causing an 

increase in interfacial toughness (Γi). The area under the area as shown in the figure 

provides the factorial normal stiffness (Sn
f) of 25 N/m. 

The tip-movement of 12 nm occurs in the whole event which consists of 4 nm (hf) of 

fracture and 8 nm of hardening caused by yielding (hy). The ratio between the two (hy/hf 

= 2) can be considered as a parameter to indicate tip deformation that has taken place.  

The burst is also indicative of yielding to have re-initiated with a brittle to ductile 

contact transformation.  

The results obtained were correlated with Finite Element Analysis showing the stress 

distribution beneath the indentation (Fig 2a). The plastic zone with radius rp Is formed in 
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the coating region beneath the indentation. The fracture gets manifested as cracks 

formed at the boundary of the plastic zone and extend into the hydrostatic elastic zone. 

Formation of emitted dislocations hardens the material. Tip bluntness causes enhanced 

projection of the plastic zone as spherical nature becomes dominant (Fig 2b).  

 

CONCLUSIONS 

The indentation process causing minor fracture involves tip movement caused by strain 

hardening. The tip shape change was estimated from the tip movement during the 

fracture process. A tip-bluntness factor of 2 and fractorial normal stiffness of 25 N/m 

were determined. The results obtained ere correlated with Finite Element Modeling.  
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Fig 1(a) Load-depth (P-h) plots for fracture and no fracture cases and (b) its magnified view (c) 

Stiffness/Load vs depth of penetration (d) hardness profile for the two cases 
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Fig 2(a) Finite Element modeling for nanoindentation carried out in a coating/substrate system 

[10] (b) plastic and elastic zones due to tip blunting  

rp 

(b) coating 

substrate 

Elastic zone 

Plastic zone Berkovich 

Spherical 
Emitted dislocation 

Palmqvist radial 

Lateral 


