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Summary: 
In this work, a self-exciting tactile cantilever sensor for contact resonance applications is described. The 
design integrates heating resistors with the aim to enable high-speed measurements on large work-
pieces. For this purpose, higher-order out-of-plane bending modes of the cantilever are favorable. Con-
sequently, the position of the actuators is optimized using finite-element modelling to achieve uniform 
signal amplitudes for a range of materials when using the third vibration mode. Preliminary measure-
ments with thin polymer films show the basic function of the design. 
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Motivation 
In industrial environments, where surfaces can 
be covered with contaminants like lubricants or 
cooling liquids, monitoring of workpieces using 
optical techniques is often difficult or not possi-
ble. Here, piezoresistive microprobes with inte-
grated silicon tips are promising as they can 
scan surfaces at velocities up to 15 mm/s [1]. 
However, their silicon tip quickly wears down 
during measurements and, if mechanical char-
acterization of the sample using contact reso-
nance (CR) techniques are to be performed, ex-
ternal actuators are necessary. 

 
Fig. 1. Render of the microprobe design. 

The European EMPIR project MicroProbes is de-
veloping new sensors, that aim to improve on the 
shortcomings of previous designs [2]. These new 
sensors shall be able to efficiently measure me-
chanical properties using CR. Then, they shall 
be calibrated on reference samples. 

Design of the microprobe 
The basic shape of our new probes is based on 
previous designs [3], with the cantilevers being 5 
mm long, 200 µm wide and 50 µm thick. As 
shown in Fig. 1, the probes integrate a strain 
gauge near the clamped end of the beam and 
contact pads close to the edge of the base. Ad-
ditionally, wear resistant diamond probing tips 
are included close to the free end of the beam 
and, as shown in Fig. 2, heating resistors are dis-
tributed across the length of the cantilever 

 
Fig. 2. Overview of the microprobe design. The metal 
contact lines are not shown to maintain visibility. 

Previous measurements using a commercial 
CAN50-2-5 probe (CiS Forschungsinstitut für 
Mikrosensorik GmbH, Erfurt, Germany) [4] are 
used to evaluate the performance of different CR 
vibration modes. Here, the third flexural vibration 
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mode at 53 kHz is a good compromise of resolu-
tion, measurement speed and ease of use. 

To actuate this vibration mode more efficiently, 
this design is changed by two heating resistors 
placed on the cantilever. Their locations are op-
timized to enable uniform signal amplitudes 
when analyzing a large range of materials [5]. 

The strain gauge is located close to the clamping 
at 𝐿𝐿WB = 185 µm and distanced from the adja-
cent heater by 100 µm to minimize parasitic ther-
mal coupling [6]. 

FEM simulations of contact mechanics 
After completing the sensor design, finite ele-
ment modelling (FEM) simulations of the sensor 
in contact with the surface of a sample are per-
formed using COMSOL 5.4. As shown in Fig. 3, 
large frequency shifts are expected for the first 
three CR-modes when analyzing samples with 
Young’s moduli up to 10 GPa. Consequently, 
compliant layers on stiff substrates, such as pol-
ymers on silicon, can be measured with high res-
olution. 

 
Fig. 3. FEM frequency response of the strain gauge 
output for sample Young’s moduli of 𝐸𝐸 = 0.1 GPa and 
𝐸𝐸 = 10 GPa. 

Fabrication and Test 
First sensor samples with a thickness of approx-
imately 100 µm are fabricated. Due to the in-
creased thickness, the measured resonance fre-
quencies of these sensors are approximately 2.5 
times higher than calculated using FEM. One of 
these probes is shown in as shown in Fig. 4. 

 
Fig. 4. Photograph of the bottom side of a prototype 
microprobe. 

Then, preliminary measurements on a thin poly-
mer film are conducted. The results are shown in 
Fig. 5. Here, CR spectra are acquired at different 

probing forces on the same sample. As ex-
pected, the CR frequency increases with in-
creasing probing force. 

 
Fig. 5. Measured fundamental mode CR frequency re-
sponses on a thin polymer film for different probing 
forces given by the respective cantilever deflections. 

As the next step, measurements on reference 
samples will be performed to calibrate the micro-
probes for enabling a quantitative analysis. 
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