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Abstract: AFM nanoindentation showed variation in stiffness (Elastic modulus) due to 

heterogenous nature of the collagen fibres. The S values varied from 5 N/m to 11.11 n/m 

corresponding to an E change of 2.25 to 1.38 GPa. The variation in effective modulus (Eff) with 

respect to displacement indicated crossing the parabolic limit. A softening index n was proposed 

due to the heterogenous behaviour of the biomaterials 
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1. Introduction 

The AFM-nanoindentation technique is a promising tool for characterising the nanomechanical 

behaviour of thin films and nanostructures, demonstrating its utility in researching substrate and 

lateral confinement effects. Arrays of Ag nanodisks with varying thicknesses (20-150 nm) and radii 

(125-900 nm) were successfully produced on Si (100) substrates using interference laser lithography 

and thermal evaporation processes. The influence of substrate and thickness on the mechanical 

resistance of the [1] Using the Finite-Difference Time-Domain (FDTD) approach, we investigated 

Electric-Near Field Enhancement (ENFE) in Au and Ag nanodisk-based photonic crystals. Photonic 

crystals with squared-lattice parameters were studied to determine the best design parameters for 

maximising ENFE in the visible and near-infrared spectra.[2], The AFM-assisted DSNI technique was 

effectively used to study the effects of annealing on the mechanical resistance of photoresist layers. 

The results reveal that as the annealing temperature increases, the films' plastic strain susceptibility 

reduces, meaning that thermal-induced polymerization improves mechanical resistance. Strain 

energy dissipation coefficients dropped as the annealing temperature increased, indicating an 

annealing-induced hardening effect.[3]. The stress-induced pseudoelasticity effects in freestanding 

Cu-Al-Ni thin films were successfully measured and analysed using the AFM (cantilever bending)-

assisted DSNI technique. This allows us to establish fresh views on the application of this technology 

as an efficient methodology for future research and quantification of pseudo elastic behaviour (or 

shape memory effect) in micro/nanostructured SMAs. [4]. The size-dependent nonlinear behaviour 

of atomic force microscopy (AFM) with an assembled cantilever probe (ACP) in different liquid 

conditions. showed the system's softening behaviour [5].AFM nanoindentation has been applied to a 

range of biomaterials. This communication focuses on collagen fibrils which provide mechanical 

support to the living cells in mani animals 
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2. Materials and Methods 

The mechanical input on sputtered coatings on Si (100) substrates using nanoindentation 

(Berkovich) was observed and its effect on electrical conduction was studied. The mechano-magnetic 

and ion-beam influence on Si-based films for memory and switching devices were also taken into 

consideration. The nano mechanical principles were applied in multicomponent hard coatings for 

MEMS cantilevers used in AFM nanoindentation [6–8] 

3. Results & Discussions 

Collagen fibrils are not linear elastic materials and have extended Young's modulus values due 

to their heterogeneity, anisotropy, and water content. The three force-indentation curves for a 

collagen fibril with a radius were displayed Figure 1 The Young's modulus values vary greatly [9]. It 

resembles a softening behaviour as found in the ACPs [5]. It is in fact the stiffness(S) of the indented 

region varies which brings differences in the E values. For the samples having E =2.25 GPa, the S was 

5 N/m which raised to 11.11N/m for 1.38 GPa. The stiffness determination was carried out in 

biomaterials which has been reported beneficial for detecting diseases like organ fibrosis. An effective 

Youngs modulus (Eff) given in eq 1 was proposed based upon different models. The symbols P, R and 

h represent the load applied radius of the indenter tip the depth. The change in Eff with respect to 

depth was again found to be a crossing the parabolic nature (1. e 1/hn with n varying from 1.5 to 2.5 

(eq 2)This n can be considered as the softening index in biomaterials and can be related to adhesion 

force as observed through Figure 2 and is left as a future scope of work [10] 
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Figure 1. Force-displacement data in AFM nanoindentation on collagen fibrils with varying elastic 

modulus (Open access [10]). 

 

Figure 2. Load-indentation schematic diagram representing the force of adhesion (Padh) and variation 

over parabolic nature (Open access [11]). 
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4. Conclusions 

The following conclusions can be made from the discussions above 

• The stiffness fluctuations during AFM nanoindentation can qualitatively assess the 

heterogeneous behaviour of the biomaterial and can also be used for relative quantification. 

• The softening parameter influences the pace at which the effective elastic modulus varies with 

depth. 
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