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Improved Wedge Method of the AFM Friction Force Calibration

CHEN Tian-xing, ZHANG Xiang-jun, MENG Yong-gang
(State Key Laboratory of Tribology, Tsinghua University, Beijing 100084)

Abstract: The friction force calibration of the atomic force microscopy (AFM) is a major problem for the friction force
measurement between surfaces under micro load with AFM. The traditional Ogletree wedge method ignores the influence
of the surface adhesion force on the friction which will result in a smaller fiction coefficient when the applied load is rela-
tively smaller. An improved wedge method of the AFM friction force calibration is derived in this paper. With the im-
proved wedge method, the friction force calibration is conducted on a standard grating and the slop fabricated by focused
ion beam (FIB) method respectively. Comparing with the commonly used standard grating, the slop made by FIB can af-
ford more effective data. So the calibration result is more accurate. The calibration result obtained with the improved wedge
method and that with the Ogletree method are compared. The result shows that under a relatively smaller load (<6 uN), the
improved wedge method is more accurate; under a higher load (=6 uN), the results obtained by the two methods are
closed to each other. The improved wedge method is a more accurate AFM friction force calibration method.
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Fig. 1 Schematic friction loop on flat and slop
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Fig. 3 Schematic diagram of improved wedge method
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Fig. 4 Diagram of the standard grating(a) and SEM im-
age of the slop(b)
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Fig. 5 Friction loop on the standard grating(a) and on the
slop made by FIB(b)
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Table 1 Calibration results on the standard grating

L/uN o (Slope) o (Flav) a/ (uN/V)

2.24  0.67(£0.02) 1.03(£0.25) 11.6(£2.2)
2.98  0.62(40.02) 0.76(£0.24) 8.5(£2.0)
3.73  0.56(£0.02) 0.54(£0.08) 5.9(£0.7)

4.47  0.55(£0.03) 0.52(%0.11) L7(£1.2)

&3]

5.22  0.56(£0.05) 0.51(£0.09) .5(£0.6)

ol

5.96  0.53(40.03) 0.43(£0.05) 4.6(%£0.3)
6.71  0.49(£0.07) 0.46(40.10) 4.6(40.5)

7.46  0.48(£0.08) 0.52(40.09) 4.6(F0.6)
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Table 2 Calibration results on the sample fabricated by

FIB

L/uN o (Slope) o (Flat) a/ (uN/V)

1.49  0.40(%£0.01) 0.30(40.01) 2.65(40.04)
2.24  0.28(40.01) 0.21(£0.01) 2.24(40.04)
2.98  0.24(£0.01) 0.18(%£0.01) 2.15(%0.04)
3.73  0.21(40.01) 0.17(£0.01) 2.08(40.02)
4.47  0.20(40.01) 0.16(£0.01) 2.06(40.02)

.22 0.19(£0.01> 0.15(40.01) 2.02(£0.05)

(&2

.96 0.18(£0.01) 0.15(40.01) 1.99(=£0.03)

(<21

6.71 0.17(40.01) 0.14(£0.01) 1.97(40.04)

7.46  0.17(40.01) 0.14(£0.01) 1.91(40.02)
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Fig. 6 The comparison of calibration results using im-
proved wedge method and Ogletree method. friction fac-

tor (a) and transverse sensitivity (b)
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