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Abstract — A modified thermal noise method was proposed to measure the normal spring constants of the col-
loidal probes for an atomic force microscope. We used commercial tipless cantilevers (length 150, width 30,
nominal k 7.4 N/m) and borosilicate spheres with a diameter of 20 to fabricate colloidal probes. The inverse opti-
cal lever sensitivity of both the tipless cantilever and colloidal probes were used to measure the normal spring
constant of the colloidal probes. We confirmed the accuracy and usefulness of our method by comparing the mea-
surement results with those obtained using the nanoforce calibrator (NFC), which reportedly has an uncertainty
of 1.00%. The modified thermal method showed a good agreement (~10% difference) with the NFC, allowing
us to conclude that the modified thermal method could be employed for the effective measurement of the normal

spring constants of colloidal probes.
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Fig. 1. The process for fabricating colloidal probe.
(a)~(b) Placing a borosilicate sphere and glue on the
clean slide glass. (c)~(e) Dipping the tipless cantilever in
the glue followed by attaching a sphere on the

cantilever tip. (e) llluminating UV-light to cure the glue
for 30 min.

(b)

Fig. 2. SEM images of (a) tipless cantilever, and (b)
colloidal probe.
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ks : Boltzmann's constant

T: Absolute temperature

q : The displacement of the oscillator

k., : Spring constant of colloidal probe

k,: Spring constant of tipless cantilever

OV : Resonant amplitude at free oscillation

InvOLS,, :
colloidal probe
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tilpless cantilever
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Fig. 3. A schematic diagram for calibration of normal
spring constant of AFM cantilevers using the NFC.
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Fig. 4. The optical image of determining the normal
spring constant of the colloidal probe using the NFC.
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Fig. 5. Comparison of normal spring constant for
various methods; (a) thermal noise method for tipless
cantilever, (b, ¢) NFC (Nano force calibrator) and
modified thermal noise method for colloidal probe,
respectively.
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