Micro machining using air jet technology

Subject:
Erosion of a mask-protected substrate by a high-velocity powder beam

Purpose:
Toincrease the capability, reliability and fundamental understanding of
the process of micro-abrasive blasting for a wide sustainable introduction
in the industrial environment
To provide a more cost-effective alternative for chemical etching, laser
machining and conventional micro-cutting operations

Market application:
Biomedical, microfluidics, fuel cell technology, photovoltaic technology
used in solar energy
Potential use:
Generating fast and inexpensive three-dimensional microstructures,
with a minimum of 30 um in width and an accuracy down to 1 pm in depth
Research period: March 2001 - March 2005

Total budget: EUR 362,600, of which EUR 287,000 funded by IOP

Research institutes: Delft University of Technology, Energy Research
Centre of the Netherlands

Project leader: André Hoogstrate

Since 2001, two Dutch institutes have been workingin close
cooper ation on research and further development of
micro-abrasive blasting. Thisprocess, in which sharp small
particlesacceleratein an air jet and bombard abrittle surface
to generatemicrostructures, wasdeveloped morethan 20
yearsago by Philips. At thetime, theintention wasto usethe
techniquefor the production of television flat screens. Public
knowledge on the subject isscar ce, which motivatesthe
project team to study and enhancethe capability, reliability
and fundamental under standing of the process. ‘Wewant to
makethisavailableto small and medium industries, asit is
accurateand inexpensiveand can beused on agreat diversity
of products’

‘Theprincipleof micro air blasting isnot new’, saysAndré
Hoogstrate, Assistant Professor at the Production Technology and
Organisation section of the Faculty of Design, Engineering and
Production at the Delft University of Technology. ‘A |ot of
research has been done by Philips, and al of the big Japanese
electronics manufacturers are using it, but littleisknown in the
public domain.” Together with the Energy Research Centre of the
Netherlands (ECN), aproposal waswritten for funding by the |OP
Precision Technology. ECN’s Technology Services &
Consultancy department, which designs, engineers and realises
experimental installations and prototypes, had worked on abrasive
blazing in an earlier project with the Philips Centrefor Industrial
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Technology (CFT). André Hoogstrate: ‘ For meitisalogical next
step, because my PhD study centred on abrasive water jet cutting.
Delft hasastrong tradition in the engineering and devel opment

of production machines, and at PTO we are extremely interested
in research and development with real production circumstances
inmind.

Possible applicationsfor thistechnique are the production of
plasmadisplays and lab-on-chips used in biomedical analysis.
ECN wantsto useitin fuel cell technology to enhance the surface,
in micro reactorsand in the production of solar cellswhen making
groovesin thin-film photovoltaic material.

Air jet machine
Micro-abrasive blasting is becoming an important technique to
produce optical, electronic and precision mechanical equipment.
The processisbased on the erosion of amask-protected brittle
substrate by ahigh-velocity particle beam. ‘ Because otherwise the
entire surfaceis exposed to the particle beam, the substrate hasto
be shielded by awear-resistant mask that is patterned with the
desired contour’, explainsAndré Hoogstrate. The mask
determinesthe accuracy of the plane dimensions of the desired
structure. To control the third dimension of the structure, its depth,
the surface hasto be covered homogeneously with abrasive
particles. The scan strategy and the particle beam profile of the
nozzle are also of great importance. ‘ The beam needs auniform
movement and the powder flow needsto be constant. That iswhy
we have decided on amoving work piece and afixed nozzle
instead of anozzle scanning the surface.” During blasting, the
work pieceisexposed to an air jet with a pressure between 0.2 and
0.8 MPaand hard angular particleswith adiameter between 10
and 100 um. The nozzleisdesigned at the university and the
particlesreach avelocity between 180 and 330 m/sec. Thelast
process step contains mask removal and cleaning. André
Hoogstrate: ‘ Further research is needed on al of theseareas!’ In
order to do this, apowerful air jet machine has been built by ECN,
with acarefully closed and exhausted machining area.

Air jet machine built by ECN

substrate mask applying pattern generation

Process steps of micro-abrasive blasting

Testing, testing, testing
‘Theinteraction of the particles, which are blasted at high speed at
the surface of thework piece, and the surfaceitself are our first
subject of interest. Silicon, glassand ceramicsare brittle and the
bombardment with particles causes them to crack, thereby
removing material’, explainsAndré Hoogstrate. A broad range of
particle materials and work piece materialswill be studied.
The masks used to protect the underlying material should be
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Model to calculate the erosion rate, using a combination of a deterministic method
to model the single particle impact and the stochastic Monte Carlo method to simulate
multiple impacts

elastic, so that they do not crack under the particle flow. That isthe
second research area: which masking technique gives the best
resultsin which application area. Three groups of materialsare
being tested: ductile materials such as metals, elastic materials
such aspolymer foils, and photo resists as used in the | C industry.
Important factors are wear resistance and pattern transfer
accuracy. Theresults are compared in terms of erosion resistance
and transfer accuracy of the pattern. * Wefind that each type of
mask material hasits own economic and technological relevance.
Thirdly, several factorsinfluence the powder flow, such aswhich
powder is used, how the powder isadded to the air beam, the
acceleration, the distance between nozzle and surface, and the
angle between beam and surface. ‘What istherelationship
between the beam structure and the accuracy of the process that
can bereached?We arelooking in particul ar into the smallest
structures we can manage. Our aim isto reach an aspect ratio
depth versus diameter greater than 10.

The scanning strategy (i.e. the way the work piece moves under



MAB mask removal

the nozzle) and mask removal and cleaning are thefinal important
factorsfor research.

The lOP project consists of four phases, lasting roughly one year
each. André Hoogstrate: ‘ Thefirst year ECN built theair jet
machine, while we did research on modelling and literature study.
After that the nozzle was redesigned to reach a higher vel ocity of
theair beam. * Wefound that the nozzle geometry is of great
importance for the accuracy and the efficiency of the machining

Nozzle used in micro-abrasive blasting

process. We have prototypes made by ECN, but currently they
have avery short life expectancy. Further development should
make the nozzle morereliable, robust and less proneto wear.’
Two yearsinto the project, the experiments on masking materials
areinfull swing. Thefinal year will be spent on documenting the
findings and working on industrial cases.

Industrial involvement
Theresearch at the Delft University of Technology is carried out
in close cooperation with ECN Technology Services &
Consultancy, theinstitute’' stechnical support and devel opment
section. Jaco Saurwalt, manager of the department: ‘ Because we
also work for outside customers, we knew about the devel opment
of micro-abrasive blasting at Philips. At ECN we have several
applications where we hope to use the process, so wewere
interested to get involved inthe project.” Heisvery satisfied with
the cooperation and the way the work is divided between the two
institutes. * Our strong points are engineering of prototypes,
combined with apractical view on relevance of the research done
withit. In the project’s next phase we will do in-housetestson
usability in the production of solar and fuel cells!’
In order to stimulate knowledge transfer between research

institutes and companies, the Senter | OP programmes offer
interested companiesthe possibility of joining an industrial user
group. Thisisthe most direct means of knowledge transfer and
implies closeinvolvement in one or more projects. Louwers Glass
and Ceramic Technol ogies specialisesin the development and
production of technical glass and advanced ceramic components.
Theseareused in, for instance, copiersand printers, the
semiconductor industry, analytical equipment and laboratory
set-ups. In order to meet the requirements of customersin awide
range of industries, production istailor-made. ‘| read apublication
about this research taking off and contacted André Hoogstrate. For
usthisisthe perfect opportunity to work with both the university
and ECN’, says Jan Vervest, Technical Director. For Louwers, the
most promising application of micro-abrasive blastingisinthe
production of lab-on-chips: ‘ These are glass plates, the size of an
old-fashioned dlide, with several micro channel structures, buried
inthesurface. It isused to analyse materials such as proteins,
DNA or blood in very small quantities. Currently the micro
channels are etched into the surface, but thisis an expensive and
environmentally unfriendly operation. We are extremely hopeful
that we will be able to use micro-abrasive blasting within ayear.’
Asamember of theindustrial user group, he hasregular contact
with the project team. ‘ For usthisresearch is extremely important!
We have customerswho | cannot help at the moment. Wearea
small company with 60 employees and cannot afford thistype of
Research & Development. It isin our own interest to invest time
and products to improve the knowledge about this process. And
above all: we enjoy working together.’

Members of the industrial user group:
Energy Research Centre of the Netherlands (ECN)
Louwers Glass and Ceramic Technologies
Micronit Microfluidics
Philips Centre for Industrial Technology (CFT)
TNO Industrial Technology
University of Twente

Contact information on micro-abrasive blasting
Delft University of Technology, Faculty of Design, Engineering and
Production
Dr Ir André Hoogstrate, Assistant Professor, Production Technology
and Organisation
Telephone +31152786804
E-mail a.m.hoogstrate@wbmt.tudelft.nl
Website www.wbmt.tudelft.nl/pto
Project team on micro-abrasive blasting
Marcel Achtsnick
André Hoogstrate
Bernard Karpuschewski
Jaco Saurwalt (ECN)
Bas Wardenaar (ECN)



IOP Precision Technology
Precision technology is needed when products are to be built with
high demands on the accuracy of their shape or size, and also
when products or parts need to be positioned with high precision.
Examples arelaptop computers (especially datastorage), cd
players, dvd recorders, optical and medical instruments, space
engineering and mobile phones. Further miniaturizing makesit
impossibleto build these functionsin apurely mechanical way; a
multidisciplinary systems approach is needed.

ThelOP programin thisfield of technology started in 1999.
Currently 16 projects have received grants for research on one of
three central themes.

« Inthefield of systems-oriented design, subjectsfor research
include design topics such as piezo actuators, precision
movements in vacuum and high algorithmic mechanics. These
topicsall have movementswith great speed and/or high precision.

 The second theme coversthe constant raising of the precision of
production processes by improving process control or using new
production techniques. Not only conventional methodslike
precision machining areincluded but also new technol ogies such
aslithographic etching, the use of laser or X-ray bundlesand
chemical vapour deposition.

* Micro system technology isthethird areain this|OP program.
Sensors and actuators coupled with acontrol system are of interest
here. Examples are wet chemical etching and packaging of MST
deviceslikean optical chipto aglassfibre.

Further questions on IOP Precision Technology
Contact dr. Casper Langerak, program manager

Telephone +31 703735312
Telefax ~ +317037356 30
E-mail c¢.j.g.m.langerak@senter.nl

Website  www.senter.nl/iop-pt

Colophon

IOP

Aninnovation-driven research program (10OP) awards grantsto
innovative technological research projects at universities and other
non-profit research organizations. Through this approach, the
Dutch government wants to make the research world more acces-
sibleto the business community and improve and intensify
contacts between thetwo. A precondition isthat projects must fit
inwith the long-term research needs of the business community.
The program stimulates i nteraction between the research world
and business community through the latter’sinvolvement in
research projects, knowledge transfer and network activities.
Major efforts are made to ensure that each completed program
leadsto lasting co-operation between the Dutch research institutes
and business community with aview to fulfilling technological
devel opments.

Business participation
In order to build abridge between research and industry, an |OP
provides opportunitiesfor companiesto take part in innovative
research. The possibilitiesare asfollows:

* Joining an industrial user group.
Asthemost direct means of knowledge transfer, joining an
industrial user group means close involvement in one or more
projects. The businessiskept up to date on the latest research
devel opments, and, in some cases, can contribute practical
experience that steersthe course of the research work.

« Taking over patentsor licensesthat have resulted from |OP
projects at universities and non-profit research institutes.

* Providing work experience placementsfor researchers, so that
new know-how is passed on to the business quickly and can be
tested in and adapted to practical conditions.
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The micro-abrasive blasting projectis conducted in the Faculty of
Design, Engineering and Production of the Delft University of
Technology in close cooperation with the Energy Research Centre
of the Netherlands (ECN).
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The Energy Research Centre of the Netherlands (ECN) develops
technologies for a safe, efficient, reliable and environmentally
T benign energy supply.
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