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Summary:
The key to enhance the imaging rate without damaging delicate biological samples in life science appli-
cations is to design a cantilever probe with low spring constant but high resonance frequency. Achieving 
these two key mechanical characteristics is challenging due to their direct proportional relationship.
Here, we report a silicon dioxide-based cantilever design that enabled low spring constant while ensur-
ing high resonance frequency. In comparison to the existing cantilevers for HS-AFM for life science 
applications, this cantilever demonstrated the lowest spring constant with the highest resonance fre-
quency to spring constant ratio and addressed the challenge.
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Motivation and Objective
Due to the high demands in life science applica-
tions, designing a cantilever with a low spring 
constant is essential for ensuring safe scanning 
of soft samples. On the other hand, to capture 
their dynamic behavior, a high resonance fre-
quency cantilever is needed for enabling fast im-
aging rate [1]. To this end, various cantilever de-
signs  for such applications have been reported. 
Nanoworld produces a 7 μm × 2 μm × 0.08 μm 
ultrashort cantilever for life science applica-
tions [2]. This cantilever exhibits a resonance
frequency of 1.2 MHz and a spring constant of 
0.15 N/m and has been used to study the effect 
of host defense peptides on cell wall synthesis at 
0.5 – 2 frames per second (fps), facilitating the 
development of superior drug discovery [2].
Fantner et al. were able to measure the kinetics 
of pre-death activity of antimicrobial peptides us-
ing silicon nitride-based cantilevers that has a 
low spring constant of 0.3 – 1 N/m. Although the 
cantilever exhibits one of the lowest spring con-
stants available amongst the cantilevers, the res-
onance frequency (355 kHz in air) of the cantile-
ver was so low that it was not possible to detect 
biological reactions that occur at sub-second 
time scale or even faster [3]. Most commercially 
available HS-AFM cantilevers exhibit a spring 
constant of 0.15 – 0.7 N/m and resonance fre-
quency of 0.2 – 1.3 MHz, making them unsuita-
ble for imaging dynamic interactions in na-
noscale and soft biological samples simultane-
ously. Most of the reported cantilevers are silicon 
nitride-based due to its large Young’s Modulus 

suited for high resonance frequency applica-
tions. However, it has the disadvantage of yield-
ing stiff cantilevers. In this work, the design of the
lowest spring constant cantilever that also exhibit 
high resonance frequency comparable to previ-
ously reported cantilever probes for HS-AFM ap-
plication is reported.

Methodology
The unique design features of the soft and fast
cantilever design are: (a) linear tapering in the xz 
plane as illustrated in Fig. 1(a). The linear profile 
is defined by Q0 = (𝑢𝑢0, 𝑤𝑤0) = (0, 𝑤𝑤0) and 
Q1 = (𝑢𝑢1, 𝑤𝑤1) = (L, 𝑤𝑤1) and described by Eq. (1); 
(b) Bézier parabolic tapering in the xy plane as
illustrated in Fig, 1(b). The tapering is defined by
three points P0 = (0, 0), P1 = (0, 𝑦𝑦1) and
P2 = (L, 𝑦𝑦2) and described by Eq. (2); (c) made
from a silicon dioxide, SiO2 thin film as opposed
to silicon or silicon nitride, SiN in previous re-
ports.

Fig. 1. (a) Vertically linear tapered profile in the xz 
plane; (b) Bézier parabolic tapering profile in the xy 

plane
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Results and Discussions
The methodology is applied to a typical rectan-
gular cantilever with 7 μm × 0.7 μm × 0.27 μm
overall dimension. The cantilever has 5 MHz res-
onance frequency and 0.7 N/m spring constant -
resulting in a figure of merit (FoM), which is the 
ratio of resonance frequency to spring constant, 
of 7.14 (MHz.m/N). When the Bézier parabolic 
profile is introduced to the rectangular cantilever, 
its resonance frequency increases by 80 % to 
8.5 MHz and its spring constant is reduced by 
57.14 % to 0.5 N/m as seen from Fig. 2. The res-
onance frequency further increases by 9 MHz
and the spring constant reduces to 0.3 N/m by 
40 % as the control point P1 moves away along 
the y axis from P0. The effect of introducing the
linear vertical tapering on the resonance fre-
quency and spring constant is studied as func-
tion of thickness at the free end and compared 
to the rectangular cantilever in Fig. 3. The reso-
nance frequency is increased by as much as 
2 MHz to 7 MHz and the spring constant is re-
duced significantly to 0.15 N/m. When both the 
linear tapering and the Bézier parabolic tapering 
profile are introduced, the resonance frequency 
is more than doubled to 10.5 MHz while the 
spring constant is reduced by a factor of 70 to
0.01 N/m as shown in Fig. 4(a). In comparison to 
the typical SiN cantilevers, significant reduction 
in spring constant while yielding similar reso-
nance frequency has been demonstrated by the 
proposed SiO2 based cantilever design, leading
to the softest cantilever with and the highest FoM 
of 300 to our knowledge as can be seen from 
Fig. 4(b).

Fig. 2. Effect of Bézier parabolic profile on the reso-
nance frequency and spring constant of SiO2 beam

Fig. 3. Effect of vertically linear tapering on the res-
onance frequency and spring constant of SiO2 beam 

Fig. 4. (a) Effect of double-axis tapering on the res-
onance frequency and spring constant of SiO2 beam; 
(b) Effect of double-axis tapering on the figure of merit

The designed cantilever has been fabricated and 
characterized, substantiating the design ap-
proach. The SEM image of fabricated cantilever 
is shown in Fig. 5.

Fig. 5. SEM image of released cantilever
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