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Monocrystalline silicon is a material of interest for the design of macroscopic 3D sensors and actuators comprising flexure hinges. However, the
bending strength of silicon flexure hinges obtained by deep reactive ion etching (DRIE) is strongly dependent on design and process parameters.
The main design rules for such structures have been established based on a representative batch of flexure hinges of different shapes, sizes and
surface treatments. A 3D macroscopic silicon manipulator, as well as a 3D macroscopic touch probe, has been designed manufactured and tested.

Batch processing of macroscopic components comprising
flexures on monocrystalline silicon wafers is a promising
concept. The ideal elastic properties of silicon, the absence of
fatigue, the machining accuracy of DRIE and the possibility to
integrate sensors and actuators in the articulated silicon
structures, make such a concept very appealing for a wide
range of applications where precision, integration and cost are
of concern.

In practice, the design and process parameters have a strong
influence on the bending strength of the silicon flexure hinges.
However, no design rules are available on this subject.
Therefore, a wide test campaign has been carried out to
establish and provide such rules. The main results of these
tests are summarized in Figure 1; they clearly show the
importance of:

e The hinge shape (i.e. stress concentration effect)
(Figure 1 - lower left)

e The hinge orientation with respect to the crystal lattice
(Figure 1 — upper right)

o The surface treatment (Figure 1 — lower right)
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Figure 1: Tested hinges and their orientation with respect to the
wafer flat (top left) — Results of the test campaign (top right & bottom)
(T1: raw DRIE, T2: addition of oxide layer, T3: removal of oxide layer
followed by a second oxidation)

Using these experimental results, a fully 3D silicon monolithic
structure based on flexures has been designed [l and used as
the main building brick of two 3D microsystem demonstrators:
a Delta Robot (Figure 2) and a three dimensional (X,Y,Z)
touch probe (Figure 3).

Figure 2: Sugar cube delta robot (size: 31x31x31 mmd) with miniature
piezo linear motors (PlLine P-653)

Figure 3: 3D Silicon touch probe (size: 20x20x20 mmq) based on the
sugar cube delta architecture (CSEM)

The silicon Delta Robot comprises piezo linear motors and
has a stroke of 1.2 mm in all three directions (X,Y,Z). The
silicon touch probe is open loop and comprises a 3D absolute
nanometric encoder designed by CSEM 2.,
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