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Abstract—The aim of this project is to develop a novel device,
using a micro force sensing array, which can be used to study
forces involved in cell migration and the cellular responses to
drugs that may inhibit migration or induce differentiation. The
system was modelled with an optimum geometry of 1 pm diameter
and 10 pm length for forces down to 1 nanometre. Devices were
fabricated using conventional photolithography and reactive ion
etching techniques. To demonstrate proof of principle cells were
successfully grown on the devices.
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I. INTRODUCTION

Nowadays, cancer early detection has been intensely studied
before it spreads throughout the body, a process called
metastasis. Current techniques for cancerous cell detection, such
as immunofluorescence analysis, focus in shape recognition in
which the shape of cancerous cells (rounded) are different to that
of healthy cells (large and flat). However cancerous cells may
mimic shape of healthy cells and therefore such a test might
provide a false positive error. Consequently, techniques are
needed to discriminate cells [1].

Previous studies [1-4] demonstrated that healthy cells can be
differentiated from cancerous cells by measuring their
mechanical and electrical properties. Due to the size of the cells
microelectromechanical systems (MEMS) have been intensely
used for this purpose. For instance, a previous study [1] found
that cancerous cells are 70% softer than healthy cells. Some of
these mechanical techniques potentially provide erroneous
results due to the presence of artefacts created by the external
loads exerted onto the cells. Therefore, non-contact methods
[2,5-11] such as chemical, electrical and optical means are used.
Optical methods are preferred because chemical methods may
affect the cell chemistry while electrical methods need to work
under specific conditions [2]. Previously reported studies using
optical methods look at the cell migration response via
mechanical cues, known as mechanotransduction, and measure
rigidity [14-20], topography [9, 13] and geometry [6-8, 12, 21-
23]. Micro force sensing arrays (£FSA) provide a powerful tool
to study mechanotransduction. These arrays consist of
micropillars where forces involved in cell migration deflect

these pillars. These deflections can be measured with a light
microscope and analysed to calculate the applied force. Some of
the advantages of these devices are high sensitivity to measure
forces down to 0.1 nanonewton (nN), simple design, and each
pillar is independent from the neighbour thereby allowing the
measure of local forces [6-8, 12, 21-23].

The aim of this work is to model a micropillar geometry
allowing for a force measurement resolution of 1nN, establish a
reliable manufacturing procedure for the fabrication of the
arrays and determine the protocols for cell growth onto these
devices.

II.  MODELLING AND MATHEMATICAL FORMULATION

Micro force sensing arrays are often fabricated from silicon
or polydimethylsiloxane (PDMS). Typically PDMS is preferred
over silicon as it has a Young’s modulus 10* times lower than
silicon providing a lower spring constant in order to detect
nanonewton forces. This allows an easy, rapid fabrication and
convenient low aspect ratio designs for a given required stiffness

[6].

Two crucial dimensions in microarray design are pillar
radius, which has to be small enough to accommodate one focal
adhesion on each pillar and big enough to successfully contain
all the contact area of the individual focal adhesion, and space
between pillars, which should be small enough to avoid
anchoring of the cell between pillars. Previous studies
demonstrated that the minimal required radius is 1 micrometre
(xm) with micropillar spacing of 2 ym [6, 13]. As a cell migrates
it causes deflections in the micropillars which can be calculated
by the Euler-Bernoulli beam theory equation, see (1) [6]:
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where k is the stiffness, x the pillar deflection, E the Young’s
modulus, r the pillar radius and L the length of the pillar.

For modelling purposes, deflection is theoretical calculated
using (1). With a cell force measurement resolution of 1nN
being required, a perpendicular force of 1 nN was applied to a



micropillar with 1 gm radius whilst the Young modulus and
length varied, see Fig.1. Due to resolution of conventional light
microscopes, it is aimed to measure deflections of 0.2 gm. Finite
element analysis (FEA) was performed and showed good
agreement with the analytical prediction, see Fig.2. It was found
that the optimal pillar characteristics are: 1 um radius, 10 um
length with a Young’s modulus of 2 MPa.

Theoretical deflection
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Fig. 1. Theroterical deflection for given micropillar length and Young’s
modulus.
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Fig. 2. FEA of micropillar. For model shown, D=2 pm, L=10 um, F=1 nN.

III. FABRICATION

A. Silicon mould fabrication

Firstly, a photoresist layer was deposited onto a silicon
wafer. UV light exposed through a photomask created the
desired micropillar pattern. The exposed silicon area was etched
10 um using reactive ion etching and then the photoresist was
removed. Finally, the silicon wafer was diced into chips of
10x10 mm. A cross sectional view of a fabricated die is shown
in Fig.3.

Fig. 3. SEM image. Cross-sectional area of silicon chips

B. Silanization

One of the major problems of working with PDMS is stiction
that leads to difficulties during peel off. As shown in Fig.4,
micropillars can fracture and break at the micropillar base due
to the stiction between the PDMS pillars walls and the silicon
wafer.

Fig. 4. Cross-section showing PDMS incrusted in the silicon wafer.

Therefore silanization is required on the silicon wafers. This
makes the silicon wafer surface hydrophobic and reduces this
stiction effect. For silanization, dies were rinsed with
isopropanol and then dried with N». Next, 40 uL of 1H, 1H, 2H,
2H -Perfluorooctyltrichlorosilane solution was placed on a lens
cleaning tissue and then placed in a vacuum desiccator along
with the dies. Finally, a vacuum was applied and the dies were
allowed to incubate for 30 minutes.

C. Micropillarfabrication

PDMS, type SYLGARD 184, was prepared with 1:10
curing-base ratio in a glass beaker. The mixture was placed in a
desiccator and a vacuum applied for 1 hour to eliminate any air
trapped in the mixture. The PDMS was then poured into a petri
dish containing the silicon dies. A vacuum was reapplied for 1
hour. The PDMS was cured in an oven at 60°C for 18 hours. The
fully cured PDMS was peeled off under 70% ethanol to avoid
the pillars sticking with each other.

D. Critical point drying (CPD)

One of the drawbacks of peeling off under a solution is the
resulting congregation of pillars due to the surface tension of the
solution as it evaporates. This causes the pillars to stick with

their neighbours as seen in Fig.5. Therefore, critical point drying
(CPD) was performed to alleviate this issue.
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Fig. 5. SEM image showing PDMS pillar collapse due to surface tension
forces.



SEM images of the finally fabricated PDMS micropillars are
shown in Fig.6 and demonstrated the suitability of the final
process flow for micropillar fabrication.

NL D8.0 x1.5k 50 pm

Fig. 6. SEM image, taken at 45°, of PDMS pillars.

E. Cell seeding

Cancerous cells, obtained from the A549 cell line at the
Northern Institute of Cancer Research (NICR), were
successfully cultivated on the devices as proof of principle, see
Fig.7. Cultivation was done in RPMI 1640 medium containing
10% foetal bovine serum (FBS). Cells were maintained between
1x10° and 1x10° cells/ml and incubated with 5% CO, at 37°C
for 2 days.

Fig. 7. Example of cell cultivation on array of PDMS. 40x light microscope
image.

IV. CONCLUSION

For a 1nN force resolution, it was found that the optimal
characteristics for micropillars are 1 gm radius, 10 #m length
with a Young’s modulus of 2 MPa. Standard microfabrication
was used to create the mould template. Silanization and CPD
were required to facilitate succesful PDMS array production.
Cells were succesfully incubated on the device as proof of
principle. The next stage of the work is to monitor cell
propagation in real time and record micropillar deflection.
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