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Figure 1 (Color online) The nano-scale manipulation system with closed-loop controlled positioner. (a) The system;
(b) the maniputor unit; (c¢) the example nanoprobing targets
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Table 1 System specification and performance

System 100 mm X100 mmx 20 mm
Dimension
One manipulator 30 mmx 30 mmX 17 mm
Range 10 mm in XY, 5 mm in Z
Coarse positioner (open loop)
Minimum step size 113 nm
Range ~ 22 pm
Fine positioner (open loop)
Minimum step size 0.12 nm
Rang 20 um
Fine positioner (open loop) Accuracy 5 nm
Maximum speed 45 pm/s
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Figure 2 (Color online) Closed-loop controlled nano-manipulation system architecture
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Figure 3 (Color online) Charging and discharging of a capacitor through a strain gauge
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Figure 4 Schematic diagram of Wheatstone bridge
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Figure 5 Sensor drift behaviour over time. (a) For the entire 10000 s; (b) in the first 60 s of start-up; (c) in the last 60 s
of the testing
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Figure 6 (Color online) Linearity of the sensor based on Figure 7 (Color online) Resolution of the sensor was de-
TDC strain gauge sensing termined to be better than 1 nm

* 2 ERBRGMAEIER
Table 2 Sensor system specification and performance
Item Value
Drift 1 nm/min (after 2.5 h); 3 nm/min (after 1 min); 50 nm/min (turn on)
Resolution < 1nm
Acuracy 3 nm
Linearity 0.9998(R2)
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Figure 8 (Color online) Nanopositioner controller 10 nm step response. (a) Step response; (b) positioning error
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Figure 9 (Color online) Automated nanoprobing of duplicated features. (a) The probing position; (b) the probing order
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Figure 10 Zoomed in view of each of the probed locations
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A TDC-based method for nano-scale displacement measurement
and its error analysis

Lu DENG!, Chao ZHOU?*, Zhigiang CAO?, Shuo WANG? & Min TAN?

1 School of Statistics and Mathematic, Central University of Finance and Economics, Beijing 100081, China;
2 Institute of Automation, Chinese Academy of Science, Beijing 100190, China
*E-mail: chao.zhou@ia.ac.cn

Abstract The innovation and improvement of nano-scale measurement methods and devices are driving the
rapid development of nano-technology. One of the most important foundations of micro-manipulation is the accu-
rate measurement of micro-and nano-displacement. This paper focuses on the measurement of end effectors for a
nano-manipulation robot, which operates in the vacuum chamber of a scanning electron microscope. A standard
capacitor is charged and discharged through a strain gauge, and the time is measured by a time-digital convertor
to calculate the displacement. The error and power consumption are analyzed and compared with a traditional
Wheatstone bridge. The power consumption is greatly reduced by optimizing the error; thus, it takes advantage
of the vacuum environment, in which heat dissipation is difficult to achieve. The drift, precision, resolution, and
linearity are tested, and demos of closed-loop control and repeated micro-unit probing are provided to verify the
validity of this method.

Keywords nano-scale displacement, error analysis, time-digital convertor, displacement measurement, drift
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