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SPM calibration method based on peak detection of lattice pitch centers
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(1. Institute of Microelectronics of the Chinese Academy of Sciences, Beijing 100094, China;

2. Changcheng Institute of Metrology & Measurement, Beijing 100095, China)

Abstract: To address the complexity and limitations of existing calibration methods for Scanning Probe Microscope
(SPM), this article proposed a novel SPM calibration method by using a 2D micro-scale orthogonal lattice standard and
peak detection (PD) method of the pitch center coordinates based on cross-correlation / convolution (CC) filtering of raster-
scanned images. The geometric errors of motion include positional deviations Ax and Ay, straightness deviations 8y and
dx along x-axis and y-axis respectively, and the orthogonality deviation y, between the two axes. The calibration factors
C, and €, were calculated based on the number of pixels scanned on the x-axis and y-axis, scanning range, average pitch
of standard grid metrology verification, and average grid spacing. Through case study, an AFM was calibrated using an or-
thogonal lattice standard with a nominal pitch of 10 pm, resulting in C, and C, values of 0.925 and 1.050, respectively,
and an orthogonal deviation v, of 0.015°. The expanded uncertainty of calibration for this AFM was 0.33 pm(k = 2.56).
This SPM calibration method will promote the implementation and execution of SPM calibration standard documents, and
has technical reference value for the development and performance evaluation of SPM instruments.
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Fig.1 Schematic diagram of peak detection (PD) method based
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Tab.2  Slope of straight-line tana,, starting point coordinate of y-axis b,, and positional deviation dy calculated after
linear regression in each row
i tance b., / 8?‘1 / 8?'2 / 8}.3 / 8).5‘ / 8?/5 / 89./6 / 8?‘7 / 8?'8 / S?fg /
g pixel pixel  pixel  pixel  pixel  pixel  pixel  pixel  pixel  pixel
r, -0.04 34.04 0.02 0.33 -0.41 -0.19 -0.01 0.16 0.43 -0.31
T, -0.03 57.66 0.10 0.12 0.07 -0.02 -0.14 -0.26 -0.35 0.59
ry -0.05 83.93 0.10 0.54 -0.15 0.15 -0.60 -1.30 1.00 0.35
T, -0.03 103.84 0.01 0.05 0.01 -0.05 -0.16 -0.23 0.70 -0.33
Ts -0.04 127.49 -0.08 0.05 0.10 0.11 0.09 0.10 -0.92 0.13 0.34
Te -0.04 150.28 0.10 0.30 0.46 -0.50 -0.42 -0.38 -0.31 0.81 0.05
T, -0.04 173.68 -0.17 -0.02 0.05 0.08 0.11 0.11 0.14 -0.83 0.36
Ty -0.04 199.01 -0.07 -0.73 0.48 0.65 -0.23 -0.06 0.06 0.27 -0.42
T, -0.04 224.46 -0.41 -0.11 0.06 0.19 0.32 0.40 -0.47 -0.30 -0.08
o -0.05 255.84 0.31 -0.04 0.45 -0.11 -0.73 -0.29 0.15 0.58
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Tab.3  Slope of straight-line tana,, starting point coordinate of x-axis b,, and positional deviation 8x calculated after
linear regression in each column

i e ¢,/ ox,/  dw  sw/  dx/  dx/  dx )  dx/  dx/  dxy/

¢ pixel  pixel pixel  pixel  pixel  pixel  pixel  pixel  pixel  pixel  pixel
cl 0.082 -6.36 0.08 -0.02 -0.13 0.01 0.06
¢, 0.059 28.37 0.29 -0.36 0.15 0.38 -0.28 0.00 -0.54 -0.14 0.38 0.13
s 0.055 56.66 0.37 -0.25 0.13 0.23 -0.38 -0.17 0.10 -0.52 -0.08 0.57
c, 0.052 84.04 -0.39 -0.09 0.21 0.31 0.51 -0.29 -0.09 0.21 -0.49 0.13
s 0.054 110.41 -0.04 0.30 -0.37 -0.24 -0.01 0.22 0.45 -0.21 0.12 -0.22
o 0.056 136.40 -0.02 0.38 -0.26 -0.03 0.27 -0.44 -0.14 0.21 -0.33 -0.36
¢, 0.056 163.38 -0.11 0.30 -0.35 -0.11 0.18 0.42 -0.23 0.12 -0.42 0.21
cg 0.057 191.28 -0.28 0.21 0.53 -0.15 0.17 -0.57 -0.19 0.25 -0.32 0.34
cy 0.065 220.52 0.08 -0.22 0.28 -0.22 0.28 -0.28 0.29 -0.15 -0.45 0.38

du ¢ K TFAE 1A I 2 4371 4 0. 53 pixel F1-0. 57
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