
Surface treatment is a critical component in a variety of fields and 

industries such as automobile1, aerospace2, construction materials3, 

and mobile and precision4. Surface coating treatment techniques 

normally involve a coating process, which is widely used industrially 

to prevent surface abrasion and corrosion. More recently, the ability 

to convey special properties to coating materials such as 

anti-static5, antibacterial6 and electromagnetic wave shielding7 

have been developed. The popularity of digital devices increased 

significantly during the 1990’s; this popularity led to rapid 

developments in industrial coating technologies. These technologies 

advanced device protection in a number of ways, including scratch 

resistance, anti-fingerprint, chemical resistance and UV protection.8

Atomic Force Microscopy (AFM), largely used in the field of material 

surface research, is also utilized extensively on coated surfaces9. 

From analysis of AFM images, the thickness of the coating can be 

derived from the morphology of the sample surface while surface 

roughness yields information about the uniformity of a coating once 

applied. AFM images allow for a review and inspection of quality 

control for possible defects. AFM measures both surface 

morphology and mechanical properties. Using force-distance curves 

on the coated surface, mechanical properties such as stiffness,  

adhesion and modulus can be measured10. 

This application note introduces the latest method developed by 

Park Systems called “PinPoint™ nanomechanical mode” that 

probes the mechanical properties of a surface. Furthermore, this 

note describes how the method can be used to analyze the stages at 

which defects are generated during the material surface processing, 

specifically during the coating process. In general, defects on the 

sample surface can be observed through AFM images. However, it is 

difficult to determine when the defect was generated (during 

production) solely from surface morphology observation. PinPoint 

nanomechanical mode resolves this issue: it gathers mechanical 

information about the coated surface and determines whether defects 

were created before or after the coating during production. 

PinPoint Nanomechanical Mode
PinPoint nanomechanical mode collects high resolution topographical 

data while simultaneously obtaining force-distance data for each pixel 

of the scan area11. This allows measurement of the sample surface 

morphology while simultaneously obtaining quantitative 

nanomechanical properties including modulus, adhesion, deformation, 

stiffness and energy dissipation.
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Introduction

Materials and Methods

In order to measure mechanical properties of the sample, the PinPoint 

nanomechanical mode was employed on Park NX10 AFM from Park 

Systems coupled with an NSC36 cantilever, acquired from MikroMasch. 

The resonant frequency (f = 130 kHz) and spring constant (k = 2 N/m) 

of the cantilever allow adequate sample deformation while 

maintaining sufficient cantilever deflection. The results were analyzed 

using the Park XEI data processing software, which provides 

quantitative data from the images, comparisons of mechanical 

property values, and characterization of the surface material.

Experimental Setup

Samples were prepared in two ways to test the ability of the PinPoint 

nanomechanical mode in distinguishing defects generated before and 

after the coating application. The first test involved a scratch produced 

over the surface of a coated glass substrate. The second test featured a 

scratched glass substrate whose surface was subsequently re-coated. 

The difference between the creation times of the defect can be 

determined from whether the glass material was exposed to the 
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Topography, adhesion energy and modulus images from two 

samples with defects created before and after coating were 

obtained using PinPoint nanomechanical mode. The topography 

images in both cases confirmed the scratch behind a trench 

(Figure 2a and 3a). Images from this site highlight the mechanical 

property differences between the scratch area and the unaffected 

area.

Examining the adhesion energy and modulus images of the 

scratch before coating (Figure 2b and 2c), they show no visible 

difference in the mechanical properties between the areas of the 

scratch and the coating. Figures 3b and c, where the glass 

substrate is scratched after the coating, show a very clear 

contrast between the scratch and the adjacent surface. 

Comparing the mean adhesion energy and modulus values of the 

surfaces before and after scratching clearly differentiates the two 

different surfaces. Using Park XEI data processing software, 

different regions of the same image can be selected i.e. area of 

the scratch and area of the coating (Figure 4.). For each region, 

the mean value of each mechanical property was calculated; 

those values are listed in Table 1 for comparison. 

Figure 4a shows the selected coating area which produced a 
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Fig. 1. Illustration of a defect created before and after coating. The 
difference between the materials cannot be seen through the depth 
of the scratch alone but through the mechanical properties of the 
material.

Fig. 4. Region selection applied in Park XEI software, to calculate 
mean adhesion and modulus values of each distinct area.

Fig. 2. PinPoint nanomechanical mode images of a glass substrate when 
the scratch was created before coating was applied. No contrast was 
observed between the coated area and the scratched area, in both 
adhesion energy and modulus images.roperties of the material.

Fig. 3. PinPoint nanomechanical mode images of a glass substrate when 
the scratch was created after a coating was applied. The contrast 
between the coating area and the scratched area is clearly visible in both 
adhesion energy and modulus images.

scratch site. If the scratch was created prior to coating, the glass will 

not be exposed, as the coating is applied over the scratch. If the 

scratched was created after coating, the coating will peel off and 

expose the glass material. By imaging the site using PinPoint 

nanomechanical mode, surface mechanical properties (such as 

adhesion and modulus) show a clear contrast when the AFM tip 

probes different materials (glass and coating). This information 

cannot be determined from the topography alone, and Figure 1 

clearly shows this.
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calculated mean value of 1.22fJ. In figure 4b., the area of the 

coating and exposed material underneath was selected 

separately. The adhesion energy value of the coating (1.15 fJ) 

coincided with the previous value while the adhesion energy of 

underlying glass substrate exhibited a higher value (2.47 fJ).

Also, when comparing the modulus values, the coating from 

figure 4c gave a calculated value of 3.15 GPa, similar to the 

modulus value of the coating from figure 4d. (3.08 GPa). 

Conversely to the adhesion energy values, the modulus of the 

scratched glass substrate underneath showed a lower value of 

1.79 GPa. 

This application note highlights the utility of PinPoint 

nanomechanical mode from Park Systems to study the 

mechanical properties of defects to determine whether a surface 

defect was created before or after the coating process was 

applied. By measuring the adhesion energy and modulus 

differences between glass and coating materials, the initial time 

of the defect formation was successfully identified. 

AFM can be used for diverse range of applications in the coating 

industry because of its ability to closely examine the surface 

properties of samples, properties otherwise not observable by 

studying morphology alone. By using the PinPoint 

nanomechanical mode, one can investigate mechanical 

properties at nanoscale, and study the differences between 

different coating materials and coating methods. Such benefits 

will elevate the utility of AFM as a valuable instrument in the 

coating industry. 

Conclusion
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