EINDHOVEN
e UNIVERSITY OF
TECHNOLOGY

A monolithic micro-tensile tester for investigating silica
micromechanics, fabricated and fully operated using a
femtosecond laser

Citation for published version (APA):

Athanasiou, C. E., & Bellouard, Y. J. (2014). A monolithic micro-tensile tester for investigating silica
micromechanics, fabricated and fully operated using a femtosecond laser. Poster session presented at Mate
Poster Award 2014 : 19th Annual Poster Contest.

Document status and date:
Published: 01/01/2014

Document Version:
Accepted manuscript including changes made at the peer-review stage

Please check the document version of this publication:

* A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOl to the publisher's website.

* The final author version and the galley proof are versions of the publication after peer review.

* The final published version features the final layout of the paper including the volume, issue and page
numbers.

Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain
* You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:

openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 16. Nov. 2023


https://research.tue.nl/en/publications/731768e4-538a-4b21-9f75-8af0e862156c

A monolithic micro-tensile tester for investigating silica micromechanics,
fabricated and fully operated using a femtosecond laser

*Christos-Edward Athanasiou, Yves Bellouard
Microsystems Group
Eindhoven University of Technology
*c.e.athanasiou@tue.nl

The Galatea research project is aiming at exploring the use of ultrafast lasers to locally tailor

the physical properties of materials. Using a single process 3D objects with nanoscale features
where optics, fluidics and micromechanical elements are integrated in a monolithic piece of glass.

Why study fused silica?

Fused silica- the amorphous phase of silica- is particular
interesting for microsystems. Its unique thermal, optical and
mechanical properties make it a very suitable substrate for

multifunctional micro-devices.

Femtosecond Laser Microfabrication

~270fs pulses,800kHz rep-rate
low-pulse energy (250nJoule)
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Etching in low concentration HF bath

After femtosecond laser
exposure of fused silica
below the ablation
threshold, the exposed
zones of the material are
more susceptible to
chemical etching than the
pristine material (ratio
70:1)2. We use this two-
step process to fabricate
the tensile tester.

Using a femtosecond laser as a Loading Tool

Femtosecond laser induced volume expansion in fused silica
is reported from our group?®.
We induce controlled
“ I\ deformations to the device by
“ 2 o writing adjacent planes in the
20\ bulk of the material. The
, stress of the tensile tester can
e N AN oo be tuned at any desired level.
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In-situ Characterization using the same
femtosecond laser

Third harmonic generation is a weak process that occurs in all
materials. When focused ultrashort pulses cross an interface
the process is highly useful for (sub)surface measurements.

o 0 90 0 0 0
3 3 8 % 8 8

Voltage(V)

005
om " b Vi

200 M0 00 &0 0 20 100

Dist .
K Distance(um)

Using the same laser at lower pulse energy we measure the 3™
harmonic generation signal when femtosecond pulses cross a-
SiO, interface [left figure] or a pattern made of predefined
trenches [right figure].
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The yet (unkno.ilica mechanics

Due to inherent difficulties the physical and mechanical
properties of silica and silica’s polymorphs still remain
largely unexplored at the microscale & nanoscale.

How it works

The system consists of two parts: the loading cell (Part a)
and the displacement amplification sensor (Part b). The
overall dimensions of the system are 9mmx20mm.

Loading Cell Displacement
The laser affected Amplification
Sensor

slabs (stressors)

induce a volume
variation. Since the

loading cell is

grounded on the
bottom, the whole
volume variation ;
induced in bars 1 and 2 }{&
moves upwards. This §
way it loads the beam §
under test (bar 3).

The same volume
| variation comes as
| an input in the lever
I mechanism. Two
| thin flexures form a
f hinge with a remote
I point of rotation at
| point C. The strain
 of the under test
beam is amplified
100 times.

Direct Elastic Modulus Measurements

By gradually increasing the induced volume expansion to
the system, we measure the developed stress and the
strain of the test beam. Stress is measured using
polarized light microscopy [right top figure] and strain
using the amplification sensor* [right bottom figure].
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» As a proof of concept fused silica’s elastic modulus is measured
68,3GPa. which is within the 7% error range that the tester
provides.
» Future work will be focused on modifying the test beam’s material
so that silica polymorphs can be mechanically characterised.
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