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Abstract: Atomic force microscope is an important means to characterize the micromechanical
properties of materials. Nanomechanical testing technology based on atomic force microscopy has
received widespread attention and application due to its non-destructive, fast, and high-resolution
surface scanning information. Based on the indentation method of the atomic force microscope
and the bimodal nanomechanical method, this research explored the influencing factors in the
determination of the modulus of film/substrate materials and multilayer two-dimensional materials.
In this paper, we studied the influence of substrate hardness, two-dimensional material thickness
and environmental humidity when characterizing nanomechanics. And the results provided a
reference for the nanomechanical test of composite materials.
Keywords: atomic force microscope; indentation mode; bimodal nanomechanical mode; substrate;
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Fig.l AFM modulus diagram and line chart of the films on PDMS and Si substrates tested by PF QNM.
a-c. PDMS Substrate; d-f. Si Substrate; g. Line chart of modulus value.
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Fig.2 AFM modulus diagram and line chart of the film on PDMS and Si substrates tested by AM-FM.
a-c. PDMS Substrate; d-f. Si Substrate; g. Line chart of modulus value.
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Table 1 Modulus statistics of the film in different mechanical characterization modes

UV illumination time Modulus tested by PeakForce Modulus tested by AM-FM (MPa)

QNM (MPa)



PDMS Si substrates PDMS substrates  Si substrates

substrates
0 min 342.42478.00? 660.63+101.67 576.70441.75? 559.65455.50?
5 min 373.66461.70°  881.384112.3° 704.86+134.5° 907.54+172.0°
10 min 435.36479.28? 1463.334328.4°  1357.824229.7° 1568.774232.5¢
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Fig.3 AFM modulus diagram of different thickness films tested by AM-FM.
a. 200 pm-thick film; b. 200 nm-thick film on Si substrate; c. 200 nm-thick film on PDMS Substrate.
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Table 2 Modulus statistics of different thickness films in AM-FM modes

Thickness Substrate Elastic modulus

200 pm Si 1659.51454.75° MPa
200 nm Si 1586.27450.13° MPa
200 nm PDMS 1241.45428.78* MPa
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Fig.5 AFM modulus diagram and histogram of the hexagonal platelets. a, c. AFM modulus diagram and
histogram of the hexagonal platelets tested by PeakForce QNM(e, g); b, d. AFM modulus diagram and
histogram of the hexagonal platelets tested by PeakForce QNM (f, h) .
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Table 3 Modulus statistics of the hexagonal platelets in different mechanical characterization modes

Thickness Modulus tested by PeakForce QNM  Modulus tested by AM-FM
(MPa) (MPa)

2.6943 pm 2025.39+4209.8° 2970.62+106.9°

3.6330 um 2662.384293.4° 2962.434315.0?
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Table 4 Effect of humidity on modulus of the film in different mechanical characterization modes

Humidity (%) Modulus tested by PeakForce Modulus tested by AM-FM

QNM (MPa) (MPa)
30 852.33440.122 1056.77452.842
50 792.71+101.8° 1065.98+96.98?
70 835.76491.55? 1193.98+117.12
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