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Application of Nanomachining to Scanning Probe Microscopy
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Fig 1. Fabrication process of single-crystal silicon cantilevers by
anisotropic etching, local oxidation and masking by silicon
nitride.
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Fig 2. Scanning electron micrograph of single-crystal silicon can-
tilevers. The tip height is approximately 2um, and the
spacing between the cantilevers is 10 um. (a) close-up, (b)
micrograph showing two facing rows, (¢) micrograph of an
area approximately 100 #m x 100 um, and (d) a cantilever
array with a straight support.
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(b)

Fig 3. Scanning electron micrographs of a conventional AFM tip
being pressed against a small cantilever to measure its
spring constant. (a) pressing at the base of the small can-
tilever, and (b) pressing at the apex of the small cantilever.
The spring constant of the sample cantilever is calculated
from two sets of force distance curves and the spring constant
of the conventional AFM cantilever.

(c)

Fig4. Rupture test of a single-crystal silicon cantilever with a
blunted scanning tunneling microscope tungsten tip. (a)
Before contact, (b) elastic deformation, (c) touch down of
the back surface on the substrate. Deformation in a figure of
S, (d) breakage, (e) tip retract.
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Fig5. (a) Schematic of a focused beam infrared Fizeau interfer-
ometer. At a wave length of 1.3um, the substrate of the
cantilever array can be used as the reference of the interfer-
ometer. (b) output of the photodiode. The cantilever was
actuated by a piezo-element by just over half the wave
length. The visibility of the fringes was approximately 0.1. LD:
Laser Diode, Ll:Collimate Lens, PBS: Polarizing Beam
Splitter, A/4: quarter wave plate, A/2: half wave plate, L2,
Object Lens, R: Reference (Si wafer), PZT: Piezo Actuator,
L3: Object Lens, PD: Photo Detector.
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Fig6. (a) Spring constant of a triangular cantilever plotted
against cantilever length and thickness, (b) natural fre-
quency of the triangular cantilever, plotted against
cantilever length and thickness. The formula was used for the
plot. The coefficient was chosen as 0.31 by curve fitting the
graph to the result obtained by a finite element method soft-
ware ANSYS. For the measured results we have so far, the
analytical plot, the ANSYS plot and the measurement
matched within 10%.
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