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Abstract

A compact and two-dimensional atomic force microscope (AFM) using an orthogonal sample scanner, a

calibrated homodyne laser interferometer and a commercial AFM head was developed for use in the nano-

metrology field. The x and y position of the sample with respect to the tip are acquired by using the laser

interferometer in the open-loop state, when each z data point of the AFM head is taken. The sample scanner

which has a motion amplifying mechanism was designed to move a sample up to 100 x 100 um® in orthogonal

way, which means less crosstalk between axes. Moreover, the rotational errors between axes are measured to

ensure the accuracy of the calibrated AFM within the full scanning range. The conventional homodyne laser

interferometer was used to measure the x and y displacements of the sample and compensated via an X-ray

interferometer to reduce the nonlinearity of the optical interferometer. The repeatability of the calibrated AFM

was measured to sub-nm within a few hundred nm scanning range.
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Fig. 1 (a) Schema of the calibrated AFM. (1)
Objective lens panning system and a motorized focusing
stage, (2) Coarse z-axis stage, (3) Flexure guided fine z-
scanner, (4) Commercial AFM head (XE-head, PSIA
Corp.), (5) Optic parts for a laser interferometer and (6)
Granite structural frames. (Size: 371.5 x 320 x 3244
mm?). (b) Photograph of the calibrated AFM
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Fig. 2 Schema of the sample scanner: (Size: 110 x
110 x 15 mm®). The inner scanner is fast y scanning and
the outer scanner slow x scanning. Here, f, is an induced
force at the piezo-actuator, f; is a input force at the
contacting point (kinematic pin) between the mechanical
lever and flexure guide and 4, is a mechanical
amplification factor of the mechanical lever
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Table 1 Design specifications of the sample scanner

Stiffness of the flexure guide <0.25 N/um
Natural frequencies of guide > 100 Hz
Maximum Von-Mises Stress < 80 Mpa
Preload 50 um

Table 2 Design results of the sample scanner

Length of the guide 12.5 mm
Thickness of the guide 0.6 mm
Width of the guide 14.5 mm
Mechanical amplification factor 5.5
Stiffness of the flexure guide 0.221 N/pum
Lowest natural frequency 152.8 Hz
Maximum displacement of the guide | 152 um
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Fig. 3 . Static FEA simulation results. The stiffness of
the guide is 0.218 N/um (151.3 um for 33 N input). The
inset shows that the maximum stress at the guide is 75.1
Mpa.

Fig. 4 Dynamic FEA simulation result. The first
resonant frequency of the scanner is 159.4 Hz.
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Fig. 5 (a) Assembly drawing of the sample scanner
which shows the magnetic sample holder, the sample
scanner and the coarse xy positioner. (b) Sectional view
of the magnetic sample holder which shows sample
location, a reflection mirror, a jig for sample and a
permanent magnet for fixing the sample.
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Fig. 6 Nonlinear error of the laser interferometer in
(a) x-axis and (b) y-axis. The nonlinear error is about + 1
nm with no compensation.
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Fig. 7 Nonlinear residual error of the laser
interferometer in (a) x-axis and (b) y-axis. The nonlinear
residual error is about + 0.3 nm with X-ray compensation.
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Fig. 8 (a) Parasitic roll motion of the inner scanner.
(b) Parasitic pitch motion of the inner scanner. (c)
Parasitic yaw motion of the inner scanner. The maximum
rotational motion is 1.2 arcsec in the direction of the yaw
axis for full range motion. When moving the sample
scanner along the y-axis, the x-axis motion error is
generated by this yaw motion.
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