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The size of a cell is a fundamental physiological property and is closely regulated by various
environmental and genetic factors. Optical or confocal microscopy can be used to measure the
dimensions of adherent cells, and Coulter counter or ﬂow cytometry (forward scattering light
intensity) can be used to estimate the volume of single cells in a ﬂow. Although these methods
could be used to obtain the mass of single live cells, no method suitable for directly measuring the
mass of single adherent cells without detaching them from the surface is currently available. We
report the design, fabrication, and testing of ‘living cantilever arrays’, an approach to measure the
mass of single adherent live cells in ﬂuid using silicon cantilever mass sensor. HeLa cells were
injected into microﬂuidic channels with a linear array of functionalized silicon cantilevers and the
cells were subsequently captured on the cantilevers with positive dielectrophoresis. The captured
cells were then cultured on the cantilevers in a microﬂuidic environment and the resonant
frequencies of the cantilevers were measured. The mass of a single HeLa cell was extracted from
the resonance frequency shift of the cantilever and was found to be close to the mass value
calculated from the cell density from the literature and the cell volume obtained from confocal
microscopy. This approach can provide a new method for mass measurement of a single adherent
cell in its physiological condition in a non-invasive manner, as well as optical observations of the
same cell. We believe this technology would be very valuable for single cell time-course studies of
adherent live cells.

Introduction
Recent advances in micro-system technology offer the possibility
of handling, manipulating and characterizing single cells for
various applications. Many efforts are focused on the measurement of the physical properties of single cells, which can
open new areas of research in biological and medical science.
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Physiologically important properties of a cell include its size and
mass, which are closely intertwined with various physiological
processes of cells. Especially, the cell mass is directly related to the
synthesis and accumulation of proteins, replication of DNA, and
other large molecules inside the cell during growth and differentiation. Several methods, such as optical microscopy, confocal
microscopy and the suspended microchannel resonator,1,2 are
available to estimate or directly measure the mass of single cells
in suspension. By contrast, no method is available for measuring
an adherent cell mass directly, while keeping the cell attached on
a surface.
In principle, a cell mass can be indirectly estimated by
multiplying the cell volume and the cell mass density, assuming
a constant density. However, it is shown that the mass density
of a cell is not constant through its cell cycle3–5 and thus indirect
estimation of cell mass can be inaccurate. Many researchers
working on a cell’s size regulation or growth rate, simply
use cell volume6–9 as a primary indicator of the cell size.
Coulter counter or ﬂow cytometry (FSC–forward scattered light
intensity parameter) are widely used to measure the relative
volume of cells in a ﬂow. A Coulter counter measures the
relative volume of a single cell by detecting the change in
electrical conductance of a small aperture as cell suspension
is ﬂowing through.10 Due to the insulating properties of the
cell, the cell traversing the pore decreases the effective crosssection of the conductive channel and a corresponding change
in the electrical resistance of the pore. The FSC parameter
in ﬂow cytometry measures the light scattered in the forward
This journal is © The Royal Society of Chemistry 2008

direction as a cell passes through a laser beam. Since the FSC
parameter of a spherical cell is proportional to the volume,11
it is primarily used to measure the cell volume especially for
obtaining the correlation between the cell volume and other
cell parameters, such as the SSC (side scattering light intensity)
parameter or the intensities of certain ﬂuorescence signals.12,13
The suspended microchannel resonator1,2 can directly obtain a
cell mass, by measuring the resonance frequency of a suspended
microchannel structure while the suspended cell passes through
the channel.
Although the above methods are suitable for obtaining the
size or mass distribution of a large population of cells, these
methods are not suitable for time varying studies on the same
single cell. Furthermore, it is not possible to get optical images
of the same cell as a function of time, which can easily identify
the status of the cell. These ﬂow-based methods also require
the cells to be in suspension as they ﬂow through the detection
area. For adherent cells, such as ﬁbroblast and epithelial cells,
this means that cells should be detached from the surface prior
to the measurement, which can cause signiﬁcant physiological
changes to the cell.
One of the direct methods for measuring cell mass is the
use of micromechanical resonant cantilever mass sensors for
measurement and characterization of single cells. The resonance
frequency of a cantilever is inversely proportional to the square
root of the mass. Therefore, the mass of the entities attached
to the cantilever can be directly calculated from the resonance
frequency of the cantilever. In earlier works, a microcantilever
was used to measure the relative humidity and the mercury
vapor14,15 by the resonance frequency shift. Since then, many
researchers have used the cantilever as a highly sensitive sensor
element in various applications.16 The detection or the mass
measurement of many biologically important entities such as
DNA, viruses, bacteria, spores and micro-beads have been
successfully demonstrated.17–23 Moreover, the living mammalian
cell and the microcantilever were integrated for detecting cytotoxic molecules24 or investigating the contractile force of cultured
myotubes.25 Recently, a suspended microchannel resonator1,2
was demonstrated with sub-femtogram resolution and the mass
of a single bacterial cell and a human red blood cell in
suspension were successfully measured. However, to the best
of our knowledge, the use of a cantilever mass sensor for
measurement of a single adherent cell while culturing the cell
on the cantilever has not been demonstrated. For adherent cells
cultured on the cantilever surface, this method can be used
to measure the cell mass in its physiological conditions, even
without detaching the cell from the surface. Therefore, the mass
of the cell can be measured with little or no side effect on cell
physiology and potentially can be repetitively measured over
time to track the growth rate of single cells.
In this study, we demonstrate a new platform for the mass
measurement and optical observation of single cells in their
physiological conditions using a cantilever mass sensor. This
‘Living Cantilever Array’ platform incorporates silicon cantilevers and is encapsulated in a PDMS microﬂuidic channel, as
shown in Fig. 1. HeLa cells were captured on the functionalized
cantilevers with positive dielectrophoresis, and cultured on the
cantilevers for up to 7 days before measuring the resonance
frequencies of the cantilevers. The mass of a single HeLa
This journal is © The Royal Society of Chemistry 2008

Fig. 1 Schematic diagram of living cantilever array. Target cells in
suspension are captured and immobilized on the cantilever. Then the
cells are cultured and the mass of a cell on a cantilever is measured via
the resonance frequency shift of a cantilever.

cell was extracted from the resonance frequency shift of the
cantilever and compared with the mass calculated from the cell
density from the literature and the cell volume from confocal
microscopy.

Materials and methods
Fabrication of the silicon cantilever array
Key steps of the overall fabrication process are presented in
Fig. 2(a). The starting material was a 4 inch diameter SOI
(silicon-on-insulator) wafer with a 240 nm silicon layer, a 400 nm
buried oxide layer, and a 500 lm silicon substrate. The wafer
was thoroughly cleaned and the cantilever patterns were deﬁned
with a ﬁrst lithography step on the SOI silicon layer. The silicon
layer was then etched with RIE (reactive ion etching) to transfer
the photoresist pattern, as shown in step (I) in Fig. 2(a). To
make an electrical contact to the substrate, etch windows were
deﬁned on the buried oxide by the second lithography step and
then the exposed buried oxide layer was etched to produce
contact windows on the substrate layer as in shown step (II).
To increase the electrical conductivity of the cantilevers and the
exposed substrate, the wafer was ion implanted with 1014 cm−2
of boron at 10 keV and annealed at 900 ◦ C for 30 min. After
annealing, a third lithography was performed for a subsequent
lift-off process. A Cr/Au layer with total 1 lm thickness was
deposited and patterned with the lift-off process to form metal
electrodes and wire-bonding pads as in step (III). Next, etch
windows for isotropic XeF2 etch were deﬁned with the fourth
lithography step. The wafer was diced into individual dies and
the dies were thoroughly rinsed with DI water to remove the
debris and impurities from the dicing process. The buried oxide
layer was etched to expose the substrate layer as in step (IV) and
the exposed substrate layer was etched with XeF2 to release the
cantilevers as shown in step (V). After releasing the cantilevers
by XeF2 etching, the buried oxide layer beneath the cantilever
and the photoresist on top of the cantilever were removed as
shown in step (VI). Then the device was dried with CPD (critical
Lab Chip, 2008, 8, 1034–1041 | 1035

Fig. 2 Fabrication process for the silicon cantilever array. (a) Cross-sectional diagram of the key fabrication process steps. (b) Angled FESEM image
of the released cantilevers in a linear array.

point dryer) to avoid stiction between the suspended cantilevers
and the substrate. Fig. 2(b) shows an FESEM (ﬁeld emission
scanning electron microscopy) image of the released cantilevers.
The die was then attached to a custom made PCB (printed
circuit board) with epoxy adhesive and wire-bonded to the PCB
for electrical connection. A PDMS cover was fabricated from
an SU-8 master which was 50 lm high and 2500 lm wide,
and tubings were attached to the PDMS cover. Finally, the
PDMS cover with tubings was attached to the silicon surface
to complete the device fabrication.

Experimental setup and protocol
The fabricated cantilevers were 25–40 lm long, 10 lm wide
and 240 nm thick. As shown in Fig. 1, two sets of cantilevers,
opposing to each other, were connected to external sinusoidal
power sources with a 180◦ phase difference to produce a
1036 | Lab Chip, 2008, 8, 1034–1041

non-uniform electric ﬁeld between the opposing cantilevers
for dielectrophoresis. Through the transparent PDMS cover,
the cantilevers could be observed for microscope imaging and
resonance frequency measurement by a LDV (Laser Doppler
Vibrometer, MSV-300, Polytech PI). The LDV measures the
velocity of the cantilever from the interference between the laser
beam reﬂected from the cantilever surface and the reference laser
beam.
HeLa cells were used as a model cell line in the experiment. HeLa cells are immortal human cervical cancer cells,
which are one of the most widely used cancer cells.26 HeLa
cells were cultured with DMEM (Dulbecco’s Modiﬁed Eagle’s
Medium/Nutrient Mixture F-12 Ham, Sigma Aldrich, USA)
with 10% FBS (fetal bovine serum, Sigma Aldrich, USA)
at 37 ◦ C and 5% CO2 . When the cells became conﬂuent,
they were detached by trypsin (0.25% trypsin/1 mM EDTA,
Invitrogen/Gibco, USA) and sub-cultured in 1 : 5–1 : 10 ratio.
This journal is © The Royal Society of Chemistry 2008

Table 1 Summary of the experiment protocol
Degassing and functionalization of cantilevers

Cell preparation and DEP capture

Culture and LDV measurement

(1) Measure resonant frequency of the cantilevers in air
(2) Completely ﬁll the device with de-aerated DI water
(3) Sterilize with 70% ethanol
(4) Functionalize the cantilever with poly-L-lysine
(5) Feed fresh growth media to cells 4 h before the detachment
(6) Detach cells from ﬂask by trypsin
(7) Rinse and suspend in low conductive capture media
(8) Inject cell suspension and DEP capture with 6 Vpp (volts peak to peak), at 1 Mhz
(9) Inject growth media into device and culture in CO2 incubator
(10) LDV measurement of resonance frequency of cantilever with cell on it within growth media
(11) Confocal microscopy
(12) Detach cells from the cantilevers and LDV measurement within growth media

The overall protocol for the capture and culture of the cells is
shown in Table 1. First, the frequency response of each cantilever
was measured in air with LDV. From the measured frequency
response, the resonance frequency and the spring constant for
each cantilever were characterized. Then, completely deaerated
DI water was injected to ﬁll the microﬂuidic channel without any
air bubbles. After the microﬂuidic channel was completely ﬁlled
with DI water, the microﬂuidic channel, the cantilevers and the
tubings were sterilized by 70% ethanol. After sterilization, polyL-lysine solution (20 lg ml−1 in PBS) was injected into the device
to functionalize the cantilevers. Poly-L-lysine was attached to
negatively charged native oxide surface, since –NH2 groups in
poly-L-lysine are positively charged –NH3 + at pH<10.27 Growth
media (DMEM + 10% FBS) was fed to the cells 4 h before
the cells were detached by trypsin. The cells were rinsed twice
with low conductivity media (8.5% sucrose + 0.3% glucose in DI
water) and suspended in the same media. Then the suspended
cells were injected into the device, with the dielectrophoresis
signals applied to the cantilevers.28 After capturing HeLa cells
with positive DEP, the AC voltage signals were turned off and
the growth media was injected into the device to replace the low
conductivity media from the cell suspension. The device was
then moved into a tissue culture incubator at 37 ◦ C and 5% CO2
to culture the captured cells.
Every 6–8 h, 100 ll of growth media were injected into the
device at 20 ll min−1 and the growth and the status of the cells
was observed with a microscope. After 3 days, the vibration
spectrums of the cantilevers were measured with the LDV and a
confocal microscope was used to obtain 3-dimensional images
of the cells on the cantilevers. Then the cells were detached
by trypsin and the device was cleaned with enzymatic cleaner
(Tergazyme, Alconox, Inc., NY, USA). To obtain the reference
resonance frequencies of the same cantilevers, the growth media
was injected into the device and the vibration spectrums of the
cantilevers without cells were measured with LDV.
LDV measurements and analysis
The LDV was used to measure the vibration of the cantilevers. A
large number of recordings were performed on a single cantilever
using thermal noise as the excitation source. Fourier transform
was performed and averaged to produce a vibration spectrum of
the cantilever. In the case of a high quality factor and low viscous
damping as in air, the resonance frequency of a cantilever could
be easily identiﬁed from the vibration spectrum. Fig. 3(a) shows
a vibration spectrum using thermal noise excitation of one of the
This journal is © The Royal Society of Chemistry 2008

silicon cantilevers in air. However, in the case of measurement in
liquid, it was challenging to determine the resonance frequency
due to the high viscous damping and the resulting low quality
factor. For this reason, vibration spectrums were measured at the
non-moving substrate as well as the cantilever, and the vibration
spectrum of the cantilever was divided by that of the substrate
to produce the frequency response of the cantilever. Then the
frequency response was smoothed to remove the ﬂuctuation
and the resonance frequency of the cantilever was extracted.
In Fig. 3(b) and (c) the vibration spectrums of a cantilever
and substrate in growth media are shown. Fig. 3(d) shows the
frequency response of the cantilever before and after smoothing
the curve.
To characterize the fabricated cantilevers, the spring constant
and the resonance frequency were calculated from the vibration
spectrums of each cantilever. The typical equation to obtain the
spring constant is as follows;
(1)
where E is Young’s modulus, t is the thickness, b is the width,
and L is the length of a cantilever. However, due to the variation
in the XeF2 isotropic etching, the base region of a cantilever
was not etched uniformly and therefore the length of each
cantilever varied from the design value. For this reason, eqn (1)
was not used to estimate the spring constant. Rather, it is more
appropriate to calculate the spring constants of the cantilevers
from the LDV measurement in air, using eqn (2) as follows;29,30
k = 0.1906qf b2 LQf C i (xf )x2 f

(2)

where qf is the density of air, Qf is the quality factor, C i is the
imaginary part of the hydrodynamic function29,30 and xf is the
resonance frequency of the vibration spectrum. In this method,
we also assumed the length as an ideal value, which might cause
errors in calculating spring constant. However, with eqn (2),
spring constant is affected by L whereas in eqn (1), spring
constant is affected by L−3 . By using eqn (2), we can obtain
spring constant values which are less dependent on variations in
L for each cantilever. The theoretical resonance frequency of the
cantilever in vacuum was obtained from eqn (3), and converted
into the theoretical resonance frequency in air, by eqn (4).29
(3)
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Fig. 3 Typical plots of a vibration spectrum of a cantilever. (a) The vibration spectrum of a 30 lm long cantilever in air. (b), (c) Vibration spectrum
of a 30 lm long cantilever and substrate in growth media, respectively. (d) Frequency response of a 30 lm long cantilever in growth media. The yellow
line is the frequency response and the blue line is the one after smoothing.

(4)

where I is the moment of the inertia, A is the cross-sectional
area of the cantilever, qc is the density of the silicon cantilever,
xvac,n is resonance angular velocity in vacuum, xR,n is resonance
angular velocity in the growth media, and C r is the real part of
the hydrodynamic function.29,30
For mass measurement, the resonance frequencies of the
cantilever with and without a cell were measured in the growth
media and the measured frequencies were used to calculate the
mass of the cell on the cantilever by eqn (5)18

The normalized vibration amplitude of a cantilever in its nth
resonance mode was
(6)

where x is the position on the cantilever and kn satisﬁes
coskn Lcoshkn L = −1. The height of the cell from the cantilever
surface was measured in the side view of a cell as in Fig. 7(c) and
(d) (see later). Then the height was normalized so that the area of
the cell outline was 1. This normalized height of the cell, hcell (x)
was used as the cell mass distribution along the cantilever, since
the width of the cell was almost constant. Therefore the following
correctional factor was used to compensate the effective mass.

(5)

where f 1 is the resonance frequency with the cell and f 0 is the
resonance frequency without the cell.
Since the cell mass was distributed over a cantilever and the
mass sensitivity of a cantilever varies with the position of the
mass,31,32 the effective mass calculated by eqn (5) should be
compensated by a correctional factor that is derived from the
position or the distribution of the mass and the normalized
mass sensitivity at each point on the cantilever. The sensitivity
is linearly proportional to the square of the vibration amplitude
in ﬁrst resonance mode, as can be seen in the work of Dohn
et al.32 The normalized sensitivity was obtained by normalizing
the square of the vibration amplitude in ﬁrst resonance mode, so
that the normalized sensitivity was 1 at the end of the cantilever.
1038 | Lab Chip, 2008, 8, 1034–1041

(7)

Results and discussion
Characterization of the cantilever
Prior to capture and mass measurement, each cantilever was
characterized by measuring the resonant frequency and the
spring constant of the cantilever by LDV in air. Fig. 4 shows
the distribution of the resonance frequencies and the spring
constants for cantilevers of 3 different lengths. As shown in
Fig. 4, the variations in the resonant frequency and the spring
constant were larger with the shorter cantilevers. This can be
explained by the fact that the variation of the cantilever length
was of similar order in all cantilevers and therefore the shorter
This journal is © The Royal Society of Chemistry 2008

Fig. 4 Distribution of the resonance frequency and the spring constant
of the fabricated cantilevers, calculated from LDV measurements.

cantilevers were more affected by length variation. Also, eqn
(2) requires the cantilever length to greatly exceed the cantilever
width30 but, the ratio between the length and the width was less
than 4, which can lead to errors in the spring constants. However,
the theoretical and the experimental values were consistent to
each other with about 10% differences. The theoretical and the
experimental values for the resonance frequency and the spring
constant are listed in Table 2.
Capture and culture of HeLa cells on cantilevers
Fig. 5 shows the progression of the capture of HeLa cells by
positive dielectrophoresis within the linear microﬂuidic channel.
The cells were suspended in a low conductivity media and two
sinusoidal DEP signals of 6 Vpp at 1 MHz were applied to
each cantilever. The average velocity of the cell suspension was
about 0.5–1 mm s−1 . After the cells were captured, the DEP
signals were turned off and growth media was injected. At this
point, the captured cells were attached to the surface only with
the adhesion force between the cell and poly-L-lysine molecules
coated on the surface. Fibronectin was also considered as an
adhesion promoter, but poly-L-lysine was chosen due to its
rapid activation of adhesion force with HeLa cell. Poly-L-lysine
becomes highly positively charged at physiological conditions
and the cells would be captured due to electrostatic interaction.
The captured cells were cultured in a tissue culture incubator.
Fig. 6(a) shows the fully grown HeLa cells on the device, after
3 days. The spreading of the cells on the living cantilever array
was usually observed after 8 hours, whereas HeLa cells spread
in an hour33 with a standard cell culture protocol. This delayed

Fig. 5 Capture of HeLa cell with positive dielectrophoresis. The average
velocity of the cell suspension was between 0.5–1 mm s−1 and the
sinusoidal DEP signals of 6 Vpp at 1 MHz were applied. (see ESI
Video 1†).

spreading of the captured cells is believed to be from the exposure
to lower than optimum temperature and low conductivity media,
during the DEP capture process. After the spreading, the growth
and the proliferation of the cells were clearly observed. In some
cases, due to the cell migration, the cell on the cantilever moved
to the surrounding area or the cell on the surrounding area
moved onto the cantilever. It usually took 3 days for the cells
to grow and to be ready for the following LDV measurement
and confocal microscopy. However, in some cases, the captured
cells were cultured for up to 7 days to increase the number of
cantilevers occupied with cells.
Confocal microscope images
After LDV measurements, for further characterization and as
a control measurement, the cells on the cantilever were imaged
with a confocal microscope as shown in Fig. 6(b)–(d). The HeLa
cells were shown as green, stained with lipophilic ﬂuorescent dye,
DiOC63, and the silicon was shown as blue from the reﬂected
optical signal. As can be seen in Fig. 6(b)–(d), many cantilevers
were covered with single cells and also many cells were observed
inside the trench area and beneath the cantilevers, since the
parasitic electric ﬁeld between substrate and the cantilever
generated positive dielectrophoretic force to attract the cells
into the trench area. In analyzing the mass of the cell on
the cantilever, the 3-dimensional confocal microscope image

Table 2 Comparison of the theoretical and experimental values for the resonance frequency and the spring constant

Length

Resonance frequency
(theoretical)/kHz

Resonance frequency
(experimental)/kHz

Spring constant
(theoretical)/N m−1

Spring constant
(experimental)/N m−1

40 lm
30 lm
25 lm

181.59
324.11
467.65

202.54 ± 5.84
365.42 ± 13.38
513.90 ± 111.05

0.0713
0.1690
0.2920

0.0810 ± 0.0043
0.1840 ± 0.0177
0.2590 ± 0.0607

This journal is © The Royal Society of Chemistry 2008
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a control, to calculate the volume of a cell attached to a speciﬁc
cantilever to estimate the cell mass.
Mass measurement
Fig. 7(a) and (b) show the measured frequency responses of the
cantilevers with and without a cell in the growth media. For
each case, the resonant frequency decreased by 2.93 kHz and
5.43 kHz respectively. These frequency shifts correspond to the
cell mass of 1.01 ng and 3.57 ng using the procedure described
in the previous section.
The measured mass from the frequency response was compared with the estimated value calculated from the cell density
and the cell volume. The volume of the cell was measured from
the confocal microscope images by Image J (Wayne Rasband,
National Institute of Health, USA), and the published value
for the density of the cell was used.3 The measured volume of
the cell for Fig. 7(a) and (b) were 2349 lm3 and 3857 lm3 , and
the resulting estimated cell masses were 2.48 ng and 4.09 ng,
respectively.
Table 3 shows the measured cell mass and the estimated cell
mass for comparison. As shown in Table 3, the measured values
and the estimated values are close to each other. One of the
probable reasons for the difference was the limited growth of a
Fig. 6 Cultured cells on the cantilever. (a) Grown HeLa cells in the
microﬂuidic device, after 3 days. (b), (c), (d) Confocal microscopy of
living cantilever array. The nucleus can be identiﬁed as the hollow space
inside each cell. (b) The HeLa cells on 40 lm long cantilevers. (c) HeLa
cells on 40 and 30 lm long cantilevers. (d) Hela cells on 25 lm cantilevers
(see ESI Video 2 for 3-D confocal images of (b), (c) and, (d)†).

was used to exclude cantilevers on which cells were attached
improperly. Also, the confocal microscope images were used as

Table 3 Measured mass and estimated mass of the cells in Fig. 7

Mass before adjustment
Mass after adjustment
Measured volume
Theoretical value
Ratio

Cell in Fig. 7(c)

Cell in Fig. 7(d)

0.32 ng
1.01 ng
2349 um3
2.48 ng
41%

0.62 ng
3.57 ng
3857 lm3
4.09 ng
87%

Fig. 7 Mass measurement of the attached cell. (a), (b) Measured frequency shifts due to the attached cell. (c), (d) Confocal microscope images of
cultured cells on cantilevers (see ESI Fig. S1 and S2 for 3-D images of (c) and (d)†).
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cell on a cantilever, due to the cantilever’s small surface area,
where the cell was constrained to grow only on the cantilever.
The cells on the cantilevers were actually smaller than typical
HeLa cells. Normally, HeLa cells occupy about 1600 lm2 on a
ﬂat surface,34 but the cells in Fig. 7 are conﬁned on the cantilever
with an area of 400 lm2 . Also, the average volume of the HeLa
cells from the literature35 ranges from 4400–5000 lm3 , whereas
the cells in Fig. 7 have volumes of 2349 lm3 and 3857 lm3 .
Therefore, the cells on the cantilevers were indeed smaller than
typical HeLa cells and the density of those cells can be different
from the assumed value from the literature. Also, there were
a few possible error sources in the measurement and analysis
process. One of the possible sources was the spring constant
extracted by Sader’s method.30 Due to the small aspect ratio of
the cantilever, the calculated spring constant can be different
than the real values. However, as shown in Table 2, the values
are consistent within about 10% differences to theoretical values
and we can assume that this leads to at most 10% error in spring
constants. Another source of the error is the resolution limit
of the confocal microscopy when calculating the compensation
factor for the effective mass. The average height of the cell is
about 8 lm, whereas the resolution in the z-axis is 1.2 lm,
which is about 15% of the cell height. Therefore, there can be
roughly about ±7.5% error source in the correctional factor.
By combining these errors, the combined error range in the
measurement and analysis procedure is about ±18%. Lastly, the
assumption of uniform density of the cell body can be rather
unrealistic. Due to the complex internal structures, such as the
nucleus, the density can vary inside the cell body. Therefore the
cell mass might not be evenly distributed and the compensated
cell mass can be slightly different from the actual value.

Conclusion
In summary, we fabricated a living cantilever array to be used
as a platform to characterize a single adherent cell with a noninvasive manner. The adherent cell was captured and cultured
on the silicon cantilever and the mass of the cell was directly
measured without detaching the cell from the surface, thus
enabling the measurement of live cells in physiological conditions. Furthermore, this approach has the potential to allow the
measuring of cell mass simultaneously with optical observation
of single cell activities. For example, with modiﬁcations in the
design of the cantilevers, the mass of cell single cells can be
determined as they divide and go through a growth cycle. The
living cantilever array has the potential to provide new methods
to measure the cell mass in a single cell level, which could lead
to a further understanding of the relationship between the size
and various physiological functions of cells.
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