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Abstract

This paper presents a force/displacement sensing system to measure penetration depths and machining
forces during pattering operation. This sensing system consists of a leaf spring mechanism and a
capacitive sensor, which is mounted on a PZT driven in-feed motion stage with 1nm resolution. The
sample is moved by a xy scanning motion stage with 5nm resolution. The constructed system was
applied to nano indentation experiments, and the load-displacement curves of silicon(111) and
aluminum were obtained. Then, the indentation samples were measured by AFM. Experimental results
demonstrated that the developed system has the ability of preforming force/depth sensing indentations
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Fig. 1 Schematic of the total system

Table 1 Specification of Experimental Apparatus

Specification

PZT Actuator | Travel @0 to 100V 60m
Stiffness 15N/pm
(P'841'40) Resonance frequency 8.5kllz
[PI] Resolution 1.2nm
Cap. Sensor | Range +50,m
Resolution 0.5nm
(2805, 4810) Bandwidth 1000Hz
[ADE] Sensitivity 5m /
Material Al 7075 T6
XY Stage Max. Motion Range 175m m
Resolution S5nm_ nm
Material Al 7075 T6
Z Stage Max. Motion Range 50;m
Resolution 1nm
Force / Disp. Spring Stiffness 159.8N/mm
. Resonance Frequency 8.5kllz
Sensing Module [ piamond Tip Radius 5
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Fig. 3 Schematic diagram of experimental setup

Fig. 4 Photograph of experimental setup
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Fig. 9 AFM image of aluminum
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