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Layer having a variable strength
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surface modification
cover plate
adhesive
streptavidin coating

columnar elements
support material
external force
biotin coating
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Category

Bio / Mechanical
Engineering

Keywords

- Adaptive Materials

- Strain Stiffening

- Microstructured
Elastomers

Development stage
Prototype

Seeking

Licensee

IP status

Patent granted: US, DE,
FR, GB, SE, CH

Contact

ScienceValue Heidelberg GmbH
Berliner Stral’e 47 | 69120 Heidelberg | Germany
+49 (0)6221 - 567435 | www.sciencevalue-heidelberg.de/en

biotin and streptavidin
coated columns
close together

Background

The technology enables the fabrication of elastic layers whose
mechanical stiffness automatically adapts to applied mechanical loads.
Under normal conditions, the material remains highly flexible. Once a
predefined load threshold is exceeded, neighboring elastic micropillars
come into contact and form reversible non-covalent bonds through
their functionalized surfaces. This temporary interconnection results in
a rapid increase in stiffness (strain stiffening), providing enhanced
resistance to impact and mechanical stress. Upon removal of the load,
the bonds dissociate spontaneously, allowing the material to recover its
original flexibility.
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Technology

The concept is based on an array of elastic micropillars mounted on a supporting substrate. The pillar
surfaces are functionalized with molecules capable of forming reversible non-covalent interactions,
such as protein-ligand pairs or supramolecular binding systems. By tailoring the pillar geometry,
material properties, and surface chemistry, the mechanical response and the load threshold for
stiffening can be precisely adjusted to meet application-specific requirements.

Unlike conventional approaches based on textile architectures, lattice structures, or shear-thickening
fluids, this technology employs a microstructured array of elastomeric pillars with reversible molecular
interconnections. This architecture combines high flexibility during normal operation with a rapid,
load-triggered increase in stiffness within a compact, thin-layer design. Furthermore, the mechanical
response can be tailored over a wide range by adjusting the material properties, pillar geometry, and
reversible surface chemistry, making the platform highly versatile for biomedical, electronic, and
advanced engineering applications.

Benefits

¢ Automatic and reversible adaption of stiffness to mechanical loading

¢ High flexibility under normal operating conditions

e Full recovery without permanent deformation

o Tunable load threshold for the onset of stiffening

o Adjustable mechanical properties through material selection, pillar geometry, and surface
functionalization

Applications

e Medical Technology (Vascular grafts, Orthoses, Prosthetic)
e Mechanical Engineering (Damping / Suspension Elements, Adaptive Springs)
e Micro- and Precision Engineering (Microscale Actuators, Functional Material, lab on a chip)

Publications
e EP3445415B1/US11426491B2
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