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A Study on Determination of the Area Function of
Nano Indenter Tip with AFM

Sung Jo Park’, Hyun Woo Lee” and Seung Woo Han™

ABSTRACT

Depth-sensing indentation is widely used for evaluation of mechanical properties of thin films. It is generally

accepted that the most significant source of uncertainty in nanoindentation measurement is the geometry of the
indenter tip. Therefore the successful application of the technique requires accurate calibration of the indenter tip
geometry. The direct measurement of geometry of a Berkovich indenter was determined using a atomic force
microscope. The indentation geometrical calibration of contact area was performed by analyzing the indenter tip

profile. The equations of area functions were proposed for nanoscale thin films..
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A, = Contact area

hmax = The depth at peak load
Sinax
E. = Reduced modulus

= The initial unloading contact stiffness

E, = Sample modulus

E, = Indenter modulus

O&P = Oliver and Pharr
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14l E §l), Atomic Force Microscope(AFM, =}
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Fig. 2 Nano indenter XP
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Fig. 3 Schematic of Nanoindenter
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Fig. 4 A Schematic representation of a section
through an nano-indentation
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Fig. 5 Schematic of load-displacement curve

2.3 Atomic Force Microscope
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Fig. 6 Schematic of AFM
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Fig. 7 Photograph of the shape of a Berkovich
indenter tip

Fig. 8 Measurements diamond indenter angles
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Fig. 9 Atomic force microscope instrument

Fig. 10 Indenter tip and of special made tip holder
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Table 1 Detail parameters for AFM

Case 1 Case 2
Head mode NC-AFM NC-AFM
Data Width 256(pixel) 2048(pixel)
Data Height 256(pixel) 2048(pixel)
X Scan Size 1oum 2um
Y Scan Size 10um 2um
Scan Rate 0.3Hz 1.0Hz
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Fig. 11 Three dimensional shape in Berkovich
indenter
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Table 2 Average values of Young's modulus

Material E(GPa)
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ateria AFM | O &P
Single crystal
Aluminum 73.4 74.2
(75.9+5GPa)
Fused silica(72+2GPa) 759 78.6
PMMA(3.0+0.5GPa) 3.0 31
SiAl(Thin film) 188.8 196.4
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Fig. 13 Young's modulus vs. indentation depth for
Al and Fusedsilica
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Fig. 14 Young's modulus. vs. indentation depth for
SiAl(Thin film)
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