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Thomas Lisec — the mind behind
PowderMEMS®

The technology he wasn't looking for

Thomas Lisec talks about the origins of PowderMEMS®, the long journey
from an unconventional idea to industrial application — and why innovation
requires technical infrastructure, specialist expertise and persistence.

Sometimes, a new technology begins with the solution to a problem. And sometimes,
it emerges even though that very problem remains unsolved.

In 2011, Thomas Lisec was working on through-silicon vias at Fraunhofer ISIT. While
looking for new approaches, he had the idea of filling deep cavities with metal powder
and subsequently fixing the particles by atomic layer deposition.

The approach ultimately proved less suitable for the original challenge. But the idea
became the starting point for PowderMEMS® — a process for integrating three-di-
mensional microstructures made from a wide range of materials into MEMS and se-
miconductor devices.

Today, Thomas and his colleagues at ISIT are working to further increase the techno-
logy readiness level and bring PowderMEMS one decisive step closer to industrial ap-
plication.

Thomas, you came up with the idea for PowderMEMS back in 2011. When did
you realise that it could develop into a technology platform?

| knew right away that the idea could be very interesting for MEMS, so | decided to
pursue it. At ISIT, you have the opportunity to explore new ideas on your own initiative
to a certain extent, alongside project-funded work.

By 2015, PowderMEMS had reached a level at which we were able to use the process
in projects for the first time. More and more colleagues became involved in its deve-
lopment. In the following years, a dedicated PowderMEMS laboratory was
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that point at the latest, | realised that PowderMEMS could become a technology plat-
form with significant potential.

What was the scientific question that originally led to PowderMEMS?

| still remember searching online for inspiration on how to fabricate through-silicon
vias, or TSVs, in silicon substrates.

While doing so, | suddenly had the idea of filling deep cavities in the substrate with
metal powder and fixing the metal particles using atomic layer deposition, or ALD.

Interestingly, PowderMEMS turned out to be less suitable for TSVs. So the original
guestion remained unanswered.

| had discovered something | wasn’t even looking for.

What can PowderMEMS do that is difficult or even impossible with establis-
hed MEMS processes?

Integrating new materials into semiconductor and MEMS technology can be very com-
plex, because individual processes often have to be developed for each material. At
the same time, MEMS require three-dimensional microstructures with comparatively
large dimensions. Conventional semiconductor processes such as sputtering, CVD or
spin coating can only produce such structures to a limited extent — or not at all.

With PowderMEMS, powder is filled into pre-structured cavities and then consolidated
using ALD. The shape and dimensions of the microstructure are defined by the cavity,
while the material the powder consists of has very little influence on the basic process
itself.

This means that three-dimensional microstructures made from very different materials
can be produced using the same fundamental approach. To me, that is one of the
particular strengths of PowderMEMS.
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PowderMEMS® at a glance

PowderMEMS® is a microfabrication process for creating three-dimensional micro-
structures from a wide range of materials. Powder particles are filled into pre-struc-
tured cavities and consolidated by atomic layer deposition (ALD). The geometry is
defined by the cavity, while different powder materials can be used to tailor electri-
cal, magnetic, optical, thermal or mechanical properties. The process is compatible
with many substrates and established MEMS fabrication steps.

Which applications currently demonstrate the potential of PowderMEMS par-
ticularly well?

Looking at NdFeB micromagnets alone, we already have projects and collaborations —
as well as potential new projects — in magnetic field sensing, energy harvesting,
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and environmental monitoring.

And NdFeB is only one material from a broad range of hard and soft magnetic mate-
rials. Magnetic effects, in turn, represent only one area of the potential applications.

What are you and your team currently focusing on?

At the moment, we are focusing less on purely scientific questions and more on in-
creasing the Technology Readiness Level of PowderMEMS.

This involves more than optimising the core processes. For example, we need to de-
velop suitable measurement methods for process control and characterise the powder
materials we use in order to ensure consistent quality.

For powder handling, we therefore work closely with Fraunhofer IFAM. More gene-
rally, cooperation within the Fraunhofer-Gesellschaft is extremely important to us.

If we succeed in getting PowderMEMS into a first commercial product, that would be
the most convincing demonstration of the potential of this technology platform.

What are the biggest technological challenges on the way towards industrial
application?

Because PowderMEMS is something fundamentally new, it is not only the processes
themselves that need further development. In some cases, the equipment required for
those processes also has to be developed from scratch.

We have laid the foundations for this within the Fraunhofer-Gesellschaft. In the long
term, however, the design and construction of production-ready equipment will have
to be taken over by professional equipment manufacturers.

What determines whether a development actually makes the leap from the
laboratory into industry?

The technological processes need to work with sufficient reproducibility and must be
reliably monitored. The technical equipment used also has to be suitable for manu-
facturing.

For a potential user, the benefit must be clearly recognisable, while the risks and costs
associated with technology transfer have to remain acceptable.

We need to understand the fundamental problem the user wants to solve. At the
same time, long-term success depends on continuously identifying further applica-
tions and being able to adapt the technology to them.

What role does an institute such as Fraunhofer ISIT play in this process?
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A very significant one. Without the outstanding resources at ISIT, PowderMEMS would 11 mai 2026 Seite 4 | 4
not have come this far.

Innovation requires both excellent technical infrastructure and specialists with out-
standing expertise. And you need staying power: developments in the MEMS field can
easily take ten years or more.

What continues to drive you after all these years of research?
| want to see PowderMEMS used in industry.
For me as an engineer, that would be immensely satisfying — a kind of knighthood.

If you were at the very beginning of your scientific career again today, would
you choose the same path?

Yes. Because | was made for MEMS.
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Fraunhofer-Gesellschaft, headquartered in Germany, is one of the world’s leading organiza-
tions for applied research. It plays a key role in the innovation process by focusing its research
activities on future-oriented key technologies and transferring research results to industry in
order to strengthen economic competitiveness and benefit society as a whole.Founded in
1949, the organization currently operates 74 institutes and research units throughout Ger-
many. Approximately 30,000 employees, most of whom have backgrounds in natural sciences
or engineering, generate an annual financial volume of €3.6 billion. Of this amount, €3.2 bil-
lion is attributable to contract research.



