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Fig.3 T hree structures of V shape cantilever
Table 1 Result of the mechanical analysis of V shape cantilever

force resonant maximum stress .
structure stress concentration
constant (N/m) frequency (kHz) (10'N/m?)
a 0. 0546 25. 350 7.98 bad(Fig.4)
b 0. 0556 25. 647 7.98 bad(Fig.5)
c 0. 0571 26.292 6. 53 good(Fig. 6)

Fig.4 Stress concentration of structure a) Fig. 5 Stress concentration of structure b)
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Table 2 Rigidity of tips
height underside ) radius of tip rigidity
No. ratio
(pm) diameter(um) (nm) (N/m)
1 5 5 11 20 1958.9
2 5 5 11 1 2215.8
3 10 5 2 1 20 1436.2
4 25 5 51 20 623. 1
2 2 2 2 b
AFM 5 ;0 AFM
( 10 1) 12 s >
AFM ) ,
, 3 F:=1uN 3
, , 7809 123
Table 3 Stress distribution of the tips
height underside ) radius of  maximum stress stress
. t
’ (pm) diam et er( pum) e tip( nm) (10°N/m? concentration
1 5 5 11 20 3. 145 good(Fig.7)
2 5 5 11 1 7. 586 bad(Fig. 8)
3 10 5 2 1 20 3.031 better( Fig. 9)




Fig. 7 Stress concentration of tip 1
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Fig. 8 Stress concentration of tip 2
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Investigation of Structural Optimization of the Force Sensor for the Atomic
Force Microscope with the Finite Element Analysis

WANG XiaoYe, XUE Shi+u, LI Qing—Xian, XU Yu—Xian, BAI Li¥en, YU Shui
(Dep artment of Precision Instruments and Mechanology, T singhua University, Bejj ing 100084)

Abstract

In this paper, the mechanical analysis is carried out for the force sensor in AFM with the
Finite Element Analysis. The resonant frequency and force constant are also calculated. In
addition, the structural optimization of the force sensor is developed. Consequently, a better
structure of the cantilever with V shape based on slighter stree concentration is recommend-
ed. Some helpful principles that can be used to guide the design are presented.
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