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Abstract
This protocol describes the fabrication of micro-cavity chips for the measurement of cell forces via
Elastic Resonator Stress Microscopy as described in the Nature Cell Biology paper “Long-Term Imaging of
Cellular Forces with High Precision by Elastic Resonator Interference Stress Microscopy”. We have
designed elastic, optical micro-cavities that are built on glass coverslips and consist of a layered structure
of an ultra-soft elastomer layer sandwiched between two thin and �exible gold mirrors. Optical readout of
the local thickness of micro-cavity chips allows for the detection of minute vertical displacement caused
by cells cultured on top of the chip. All steps of the fabrication are carried out under cleanroom conditions

Reagents
• Menzel glass coverslips, 24 x 24 mm2, thickness #5, Agar Scienti�c #AGL46S24-5 • Acetone • Isopropyl
alcohol • Elastomer, GEL-8100, NuSil • Silicone removable 12 well chambers, ibidi #81201

Equipment
• Ultrasonic bath • E-beam evaporator or sputter machine for deposition of Cr, Au and SiO2 • Spin-coater
for elastomer deposition • Plasma asher or sputter machine for elastomer oxidation • Thermal evaporator
for deposition of Au

Procedure
1. Blow clean glass coverslips from dust with air gun and clean in ultrasonic bath for 3 min in acetone
and 3 min in isopropyl alcohol. Subsequently, dry thoroughly with airbrush and on hotplate at 125 °C for
10 min. 2. Deposit micro-cavity bottom mirror consisting of layered structure of 0.5 nm Cr \(adhesion
layer), 10 nm Au and 50 nm SiO2 \(surface energy modi�cation) on whole surface area of cleaned
coverslips either in e-beam evaporator or sputter machine. 3. Clean and dry coverslips with bottom mirror
structure again as in 1. 4. Mix same volumes of the two elastomer precursors, stir for 10 min and degas
under vacuum for 1 min. 5. Spin-coat mixed elastomer precursors onto coverslip with bottom mirror
structure for 1 min \(300 µL per coverslip). Use 3000 rpm spin speed for 8 µm-thick micro-cavities and
5000 rpm spin speed for 5 µm-thick micro cavities. Bake samples at 125 °C on hotplate for 60 min to
crosslink elastomer. 6. Expose the elastomer on coverslips to mild oxygen plasma to partially oxidize the
elastomer surface and increase its surface energy. This step can be done either in a plasma oven or in a
sputter machine that is capable of generating an oxygen plasma with a power of about 15 W at a process
pressure of about 3 mtorr. We use the RF plasma generated over a Si target in an Angstrom Engineering
Nextdep sputter machine with a target to sample distance of 10 cm, with the following parameters:
Power: 15 W; duration: 30 s; process pressure: 3 mtorr; process gas �ows: 20 sccm O2 and 5 sccm Ar. 7.
Directly transfer the oxidized elastomer coverslips into a thermal evaporator and evaporate 15 nm Au as
top mirror to complete the micro-cavity. 8. Carefully mount silicone chamber onto the surface of the
micro-cavity chip. The inner dimension of a single chamber is 0.75 x 0.75 cm2 and covers about ¼ of the
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surface of the micro-cavity chip. If different cell types should be measured on one micro-cavity chip, four
wells \(2x2) can be mounted onto the chip. If more space is needed for one sample group, the inner
silicone wall of 2x2 wells can be cut away before mounting the silicone chamber onto the surface of the
micro-cavity chip forming an area of 1.60 x 1.60 cm2. 9. If required, incubate micro-cavity chip with
protein suspension to apply protein coating to the surface of the micro-cavity. When removing the
suspension or washing the chip, care needs to be taken, that the surface of the micro-cavity is always
covered with liquid, as the large surface tensions generated when drying-out would case the micro-cavity
to crack. Therefore, never completely remove the solution from the silicone well but wash several times
with the new solution if the medium needs to be changed.

Timing
The time needed for micro-cavity chip fabrication strongly depends on the pump-down times of the
different ultra-high vacuum machines used for the process. The fabrication time per micro-cavity chip
also depends on the number of chips that can be processed in parallel with the used deposition
equipment. The net time for cleaning coverslips and processing the bottom mirror is about 0.5 hours.
Preparation, spin-coating and cross-linking of the elastomer takes about 1.5 hours. The net time for
oxidation and evaporation of the top mirror is about 0.5 hours. Mounting the silicone chamber well takes
about 5 minutes.

Troubleshooting
We experienced that the most delicate step during the micro-cavity fabrication is the plasma surface
oxidation of the spin-coated elastomer sample \(see Step 6 in Procedure). The oxidation is required to
increase the surface energy of the pristine silicone elastomer layer and to prevent formation of gold nano-
islands when subsequently depositing the top metal layer onto the elastomer surface. This improves the
re�ectance of the gold �lm and thus ensures su�cient interference contrast to measure the local
thickness of the micro-cavity reliably \(see Supplementary Fig. 1 of \[Kronenberg et al.] for details). At the
same time, excessive surface oxidation of the elastomer will signi�cantly increases the apparent
stiffness, E*, of the stack \(see Supplementary Fig. 1 of \[Kronenberg et al.] for details), and non-
appropriate elastomer oxidation can result in surface buckling or wrinkling, or lead to the formation of
cracks in the micro-cavity. We therefore suggest to systematically vary the plasma power, duration,
process pressure, gas mixture, gas �ow, plasma-sample distance in a range around the parameters used
in this protocol, and to investigate how variations affect the micro-cavity stiffness \(e.g., via AFM
indentation measurements as described in the Online Methods of \[Kronenberg et al.]) and the top gold
mirror re�ectance. This is best done with test samples that contain no bottom mirror stack. For these test
samples a re�ectance of ~12% at 650 nm should be reached to guarantee su�cient interference contrast
in the full micro-cavity stack.
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