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How E-Textiles Will Affect
Protection, Health-Tech, Fashion,
and Communication

Author: Marieke Lienert

here are smartphones, smart homes — and now even our textiles are getting smart. Their practical potential
is already being tested by the emergency services, but smart textiles are also set to conquer the world from
medicine to fashion and, maybe soon, our everyday lives.

Malte von Krshiwoblozki speaks to ReallZM about his projects and future vision.

Malte von Krshiwoblozki

+49 30 46403-649
malte.von.krshiwoblozki@
izm.fraunhofer.de

Group Manager
»System on Flex«
at Fraunhofer IZM and

responsible for all
e-textile activities.

ReallZM: What is your history with
Fraunhofer 1ZM?

Malte von Krshiwoblozki: | studied micro-
systems technology at the FHTW and then
joined the Fraunhofer IZM in 2007 during my
practice semester. | graduated in 2009 and
stayed on as part of the »System on Flex«
group. This brought me into contact with the
whole topic of smart textiles right from the
start. And now, | am in charge of the »System
on Flex« group and all textile-related activities.

Did you have a particular vision you
wanted to pursue after your studies?

Well, not really, to be honest. | studied micro-
systems technology, which means that you
have little to do with smart textiles at first.

The first time | came into contact with smart
textiles was when it came to conductive clean-
room suits.

Other than that, this topic was — and, frankly,
still is — very exotic. | always thought that | was
going to end up in a classic field of microsys-
tems technology. That is why everything here
was quite a surprise to me too. It just happe-
ned like that.

And yet here you are: Could you walk me
through the topic »smart textiles«?

| prefer the term »electronic textiles« or
»e-textiles« now, since »smart textiles« also
refer to textiles made from smart materials

like shape changing polymers that have no
electronic functionality. E-textiles can be used
in a wide variety of areas. The first you might
think of, of course, is a dress that lights up, or
the fashion industry more generally. But these
are markets where e-textiles will probably only
end up later on.

In the short or medium term, the medical
technology markets and others are much
more interesting. You can get really close to
the human body, you can build comfortable,
breathable systems to scan vital signs. Protec-
tive clothing for professional use is another big
topic. Just think of firefighters or soldiers, who
could have a kind of energy and data network
in their clothing that would allow them to
plug in any wearable device they need in an
emergency. The sports sector also has a lot of
potential. Motion analysis allows you to record
the movements of an athlete’s body with
textile sensors and to draw certain conclusions
from this information.
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Muscle activities can be measured with electro-
myogram (EMG), or you could actually stimulate
muscles with electric pulses. Besides, regular
ECG measurements are also possible. Everything
to make training more efficient and avoid over-
training is of interest in the wearables area.

What we often forget is that textiles are
actually a much bigger field: You come

home and step on a carpet, sit on a couch.

In your car, everything is upholstered with
textile products. There is great potential for

us to introduce new functionalities in these
products. This can be considered a worthwhile
opportunity to create new business models.

For example, think of electric mobility: In an
electric car, the waste heat from the engine

is negligible. An electric engine does not pro-
duce as much waste heat as the internal com-
bustion engine. So you have to think about
how to heat the passenger compartment
during cold weather. This could be achieved
using textile heating surfaces integrated into
the cladding.

With this many different markets for smart
textiles, you cannot really be focused on any
one specific field, but rather have to spread
yourself out. If you specialize, you do so more
in one of the underlying technologies that can
then be adopted in different fields.

Do you have a key field of expertise for
e-textiles at Fraunhofer 1ZM?

Of course, we stay with the core topics of

our institute: packaging and interconnection
technologies. We think about how we can
connect electronic modules and components
with textiles as efficiently and as appropriately
as possible for the material.

For example, standard soldering processes
would not work with many textiles on an
industrial level. This is because textiles cannot
withstand the temperature, and solder joints
usually do not cope that well with getting
bent or put in the washer. We are developing
new alternatives, such as adhesive technolo-
gies where the modules are mechanically and
electrically connected.

We have also developed stretchable printed
circuit boards. We are currently spinning this
further, so that we now have stretchable
printed circuit boards in which the conductors
are no longer based on copper foil or printed
silver paste. We are utilizing fully conductive
fabrics that are already very robust by nature.
We then structure these with a laser and sub-
sequently embed them into an elastic polymer.
The polymer insulates the conductive fabric
where necessary, makes it more robust, and
allows easy integration into textile products.



#e-textiles

By integrating electronic
components, textiles can
be enhanced with many
different functions such as
sensors and lighting and
therefore become e-texti-
les. This enables completely
new application areas for
e-textiles.

E-textiles are an indispen-
sablepart of our everyday
life. They are not limited to
clothing made of fabric,
knits and fleece, but also
include technical textiles
and composite materials.

They withstand extreme
stresses during washing
and have many different

functions while being light

and highly flexible.

What else is in progress at the moment?

We are expanding our contacting technology
capabilities and converting everything to a
larger dimension. Adhesive bonding involves
bonding electrical modules to textiles with
integrated conductors. This creates a mecha-
nical and electrical connection in one process
step. It allows many contacts to be contacted
at once, and it even supports insulated con-
ductors if the insulation is designed to match
the process.

We are currently developing this further

on textile tapes, which we could use as

an add-on webbing system for protective
workwear or as highly robust belts e.g. for
medical applications. Introducing completely
new products to the market is difficult. If an
existing product portfolio can still be used and
you bring in add-on upgrades, that hurdle
might be lower.

And since such add-ons can be easily remo-
ved, this has no effect on standard logistics,
such as cleaning. Keep in mind that most
customers are still not aware of e-textiles

at all and might be wary about this new
technology.

Is there an application that we can alrea-
dy see in everyday life?

We have a medically focused FMD project
with a start-up and the Fraunhofer Heinrich
Hertz Institute to help patients who have lost
their sense of touch in their hands. If they do
not see their hand, they cannot tell whether
they are holding something. They are also not
able to feel how hard they are squeezing.

The HHI institute is working on a sensor glove,
and we at Fraunhofer IZM are developing

a vest with 16 textile-integrated vibration
motors. This allows the patient’s body to
receive signals through an additional commu-
nication channel without using the visual or
auditory track.

By vibrating at sixteen spots on your back, an
algorithm and a specific language can trans-
mit specific information from the sensor glove.
The haptic language is developed by the

start-up. The goal for the glove is to measure
information and pass it on through vibration.

Is there any technology you developed
that you are particularly proud of?

| mentioned the contacting technique earlier.
We call this »adhesive bonding«. This is
adapted from raw microsystems technology.
We know from microelectronics that chips
are applied with the flip-chip method, where
the contacts are oriented directly downwards.
We have now adapted this process to textiles.
Adhesive bonding was also the topic of my
diploma thesis. I have continued to develop the
technology ever since then. | am enthusiastic
about transferring this into the industry soon.

Where would you like to be in a year?

E-textiles have been a topic for a long time
now. At the institute, the first projects were
executed in 1999, and | have been working
in this field for more than 12 years. But if you
look around in a department store or out
and about, these products are still very rare
indeed. There are a few niche products that
already use e-textile technology, but everyt-
hing is going very slowly. It would be great if
we made the leap to industrialize all of this
and really bring it to the market in the near
future.

What does the market look like? Have any
competitors emerged?

There is definitely competition. Above all,
there are many different approaches being
pursued in this area, all of which are viable
and promising. What | have noticed lately is
that more and more major companies like
Google or Microsoft have projects in this field
and actively invest money to promote it.

There are many start-ups as well; there is a lot
of capital invested in these companies. You
can see that there is a huge push going on, so
| am convinced that, sooner or later, there will
be a good market for it. The challenge is to
position yourself so intelligently that you will
still be in demand in five years’ time.



Does the Fraunhofer I1ZM have a unique
selling point to get such a position in the
industry?

Absolutely. We are very well positioned in
terms of contacting technology, highly robust
e-textiles, and testing and analytics as well.
There are many institutes that deal with the
topic of e-textiles in general: from electronics
or the textile side.

They usually tend to be better in a specific
sub-area. But when it comes to bringing
these things together, we have a unique
selling point. The equipment and our years of
research alone have given us a lot of expe-
rience, and | believe we are in a very good
position.

Are there any current projects you can
tell us about?

Among lot of other things, we are currently
running »Refreams, an EU project in which we
are part of the Berlin hub. Artists are presen-
ting their ideas and applying for technology
funding. Within a certain budget, they have
the opportunity to use the technologies we
provide to build next gen e-textile prototypes.

But that is not all there is: We are working
with our colleagues from the environmental
engineering department to look into the envi-
ronmental impact of these approaches and
the potential for the circular economy

Another project is the »Textile Prototyping
Lab« funded by the Ministry of Education and
Research. The aim is to establish a central and
a local laboratory with other partners from
Germany, where fast smart textile prototyping
can be done.

The difficulty for many companies (especially
SMEs) is to guarantee the necessary textile
and electronic know-how and the necessary
financial and time investment in advance. Besi-
des this, getting machine time for trying new
things is often problematic. This is where the
Textile Protyping Lab can help. The aim of our
project is to provide input for textiles, design,
and electronics and the equipment, so that
prototypes can be produced quickly.

Is it sometimes difficult to manage the
balancing act between being a serious
researcher and fooling around, inventing
color-changing shoes for example?

There are certainly some colleagues who like
to have a laugh in this sense. And of course,
we have technologies and very cool means
and equipment here in the house. Sometimes,
you come up with ideas that you would like to
implement right away, which is great and also
important for research, but unfortunately you
do not always have the time.

However, | am satisfied at the moment with
the path my career is taking. | like to look at
everything from a bird’s eye perspective and

EU project Re-Fream - Second
Skins designed by Malou
Beemer

The garment consists of three
layers. Undergarment: With
integrated LED modules that
generate light. Diffuse layer:
This changes the light with
the help of Profactor. Upper
layer: This gives the garment
its final shape. The wearer can
upload their own LED color
patterns and adjust them
using a tap sensor. The ability
to customize colors, patterns
and textures extends the life
of the garment.

© Fraunhofer IZM | Patrik
Klein Meuleman

Read more about the Textile
Prototyping Lab!
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control it in such a way that | get where |
wanted to get in the end. That is also import-
ant if you want to avoid developing tunnel
vision and developing things that shoot past
what people actually need.

Alexa and Siri are part of our lives alrea-
dy — will we be talking to our clothes
soon? Is that even an issue?

When | talk about e-textiles, I usually mean
the technologies behind them. It is a big
challenge to get all this ready for the market.
A computer has a hard and solid case and

is electromagnetically shielded. Textiles, on
the other hand, are moved and bent every
day. Besides, the user is actually inside the
electronic system. The textiles are washed hot
and cold; they generally get wet and come
into contact with sweat and dirt. These are
extremely tough conditions.

Think about how fast normal T-shirts wear out
after a few washes. If you now add electro-
nics with conductor paths to these textiles,
whose resistance must be guaranteed over the
entire service life, this represents an extreme
challenge.

Voice control itself does not have to be rein-
vented for clothes. All you have to do is supply
a new add-on and connect it — theoretically,

that is just business as usual. But the actual
challenge is somewhere else for now.

When the time comes, will it be just a
luxury product or will it be affordable for
the average consumer?

In the fashion sector, it will probably be high
priced at the beginning, or the products won't
last long. The really good things will only
come when all these manufacturing technolo-
gies have been established in the professional
sector, such as protective clothing, medical
technology, professional sports, etc. Once the
technologies have matured enough so that you
can upscale production — produce at low prices
— then you can also expect reasonable, afforda-
ble fashion products, | would think.

Since this is now often mentioned when
fashion is discussed: What about sustai-
nability in the field of e-textiles?

Right after the extractive industry, the textile
industry is the industry with the worst envi-
ronmental impact. This means that the textile
industry, without even including »smart« or
»e-textiles, is under lots of pressure to make
its processes more environmentally friendly.

If, however, textiles in combination with
electronics are offered at a very high level of




integration, this becomes more difficult, which
is why sensible solutions have to be worked
out from the very beginning.

One solution are technologies where you
know that the electronic modules can be
separated from the pure textile parts in order
to recycle them. Metal in clothing has actually
been around for much longer than one might
think: socks with silver to fight body odor,
cleanroom suits.

In care homes, silver fibers are often woven
into fabric curtains for example because they
have an antibacterial effect. It will be difficult
to separate metal from non-metal. Sustainabi-
lity and the circular economy will definitely be
a big challenge to come in this area.

In the area of e-textiles, you are combi-
ning different branches of industry that
normally do not necessarily work toge-
ther. Is this a problem?

Well, it took me a while to understand textile
professionals. If you come from the field of
electrical engineering or microsystems techno-
logy and then get face to face with a textile
professional, you first have to make sure that
you use the same words for the same things.

This means that there is a phase of commu-
nication in which you need to find common
ground, and only then can you start working.
By now, however, the topic has been on the
table for a long time, and many companies
are approaching each other and building up
know-how in complementary fields.

There are many textile companies that are
setting up multidisciplinary teams. There, elec-
tronic engineers, chemists, material scientists,
and possibly medical people are put together
in a team to develop e-textile products.

Also, looking at the manufacturing techno-
logies, microsystems technology consists of
soldering, laboratories, clean rooms — ever-
ything is highly accurate and sterile. When

| come into a weaver’s mill, there are fibers
flying around in the air, depending on the
material, and everything is only »accurate« to
the millimeter. So it will take a few years until
you reach common ground on the industrial

side.

Speaking of laboratories: What does a
typical day look like for you?

Unfortunately, | am rarely in the laboratory. |
spend a lot of time on my computer, in mee-
tings, and on the phone, or I travel around to
meet customers and project partners. Writing
project proposals, reading project reports,
making sure projects run etc.

... because you delegate others who are
in the lab for you?

As a group manager, you do not longer have
the time to be really hands-on involved, which
is why the scientific staff, technicians, and also
many of our students do this. You rather move
into a planning, »controlling« role. That might
sound boring, but you can still learn a lot as
you access much more information.

Are you looking for cooperation
partners?

Yes, we are always on the lookout for industry
partners who want to manufacture e-textiles
and use our knowhow to bring new produc-
tion technologies to the market. We can help
them with our comprehensive technology
portfolio to realize their innovative ideas.

A final prognosis: In 2017, it was said that
238 million smart clothes will be on the
market in 2021. Is this realistic?

First published
on 06/02/2020

Of course it always depends on what you
count as an intelligent piece of clothing. But,
to put it in a nutshell, if you include everyt-
hing that contains conductive material, | could
imagine that number.
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Infinite Potential of Wire Bonding:
New Research Findings

E—
Authors: Yulia Fedorovich and Marieke Lienert

of slowing down. For proof of the technology’s unbroken potential, look no further than the AlCuBo pro-
ject. Run by Fraunhofer IZM and its partners, the project is developing processes for scaling up the pro-
duction of AlCu composite wires for power electronics to mass production readiness by extrusion and wire drawing.

W ith more than half a century of history behind the technology, progress in wire bonding shows no signs

ReallZM chats to Prof. Martin Schneider-Ramelow about the project.

Prof. Martin

Schneider-Ramelow

+49 30 46403-100
martin.schneider-ramelow@
izm.fraunhofer.de

Director of Fraunhofer IZM

He is also a professor at

the TU Berlin and a senior
member of the IEEE, a fellow
of IMAPS USA and 1st chair-
man of IMAPS Germany as
well as chairman of the DVS
bonding working group.

ReallZM: How did you come up with the
idea for this project?

Prof. Dr. Martin Schneider-Ramelow:

| come from a background of materials sci-
ence, especially wire bonding technology, here
at Fraunhofer IZM. From my work with the
Extrusion Research and Development Center
of TU Berlin (our partner for this research
project), | discovered that the smallest metallic
wires they are able to produce by extrusion
are only 500 micrometres small. This corre-
sponds exactly to the largest size that we use
for heavy wire bonding for power electronics.
This process is used in over 90% of power
electronics modules.

The idea is now to develop new material
compositions for heavy wire interconnections,
so that we can build more reliable power
modules that last longer. There are relatively
few companies in the world that manufacture
these wires. With that in mind, we tested bi-
metal wires from this company, and they are
suitable for wire bonding, in principle. Howe-
ver, because of the relatively thin Al sheath,
many semiconductor chips failed during the
bonding process.

So, now we want to optimize the thickness of
that Al sheath with the help of our colleagues
at the Extrusion R&D Center. These composi-
tes will be tested and systematically analysed

here at the Institute. Our hope is that we can
use them to build new types of highly reliable
power modules.

The technology itself has been around for
quite a long time. Why is it still relevant
for us?

Wire bonding technology was invented back
in the late 1950s and refined in the 1960s. As
a technology, wire bonding is very versatile.
Fully automatic wire bonders can be pro-
grammed so that almost any geometry on the
surface can be accurately contacted.

By comparison, if you look at our embedding
technology, you have to use a laser in order to
get to the contact points. This becomes parti-
cularly difficult when working on large areas,
but this difficulty does not exist with wire
bonding. That is what makes the technology
so flexible and so cost-efficient. Not to forget,
it is also very fast, as you can get 2 or 3 heavy
wire loops every second.

Why are you looking to new materials for
the technology'’s future?

The back sides of semiconductors are no
longer soldered, but made with high-qua-
lity sintered bonds. In the past, this was their
weak spot, as the soldering points tended to
break. Once we started sintering (which we
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#wirebonding

Wire bonding is a stan-
dard process for electrical
contacting in packaging
and interconnection
technology. It is widely
used in semiconductor
assembly. Applications are,
for example, in chip-on-
board technology or power
module technology.

In wire bonding, the
electrical connection is
usually made using wires
made of aluminium,
gold, copper or silver.
These are connected

to each other in a solid
state using various
techniques through the

temporary action of

pressure, temperature
and/or ultrasound.

also do here at Fraunhofer IZM), the thick wire
bonds at the top became the weak spot. With
the usual 99.99% high-purity aluminum wires,
symptoms of fatigue set in relatively quickly.
Specifically, fatigue cracks can occur when
thermal and mechanical stresses alternate.
Ultimately, you get lift-off and an electrical
failure of the whole module.

What can you do to avoid that?

The idea is to achieve higher strengths with
new aluminum-copper wires. With the previ-
ous alternatives made of copper, however, we
only achieved very low yields so far (i.e. a small
yield of functioning chips).

The forces strengths were simply too great,
and many chips already broken (because of
cratering) during production. That is why no
alternative materials have yet been used in
industrial production. In our project, we now
want to adjust the thickness of the aluminum
to that sweet spot, at which chips will not fail
by cratering and we get closer to the best case
scenario of a 100% yield. On the other hand,
the copper cross-section should, of course,
remain as large as possible, because copper
has better electrical and thermal conductivity
and also higher strength. In short, the aim

of the project is: Optimizing such a material
composition for power modules.

So you could say that copper is the top
dog in this material mix?

Copper is more important in the sense that
it has better electrical and thermal conducti-
vity and higher strength. However, with pure
copper —i.e. if the wire were a full copper
wire — there would be the risk that the semi-
conductors under the very thin aluminum
layer (3-5 microns) could be damaged during
the bonding process (cratering).

We would be back to power modules failing.
Aluminum is important, because it is relative-
ly soft and can serve as a weld or a contact
partner. To be more precise, the aluminum
layer around the wire is connected to the
aluminum layer that can be found on the sur-
face of nearly every power semiconductor. In
sum, one can say: Aluminum is important for

welding, and copper for its electrical, thermal,
and mechanical properties.

Are there any other materials that could
be used for these purposes, e.g. gold or
silver?

Gold and silver are also used in wire bonding,
but not for thick wires because of costs. The
distinction between standard and heavy wire
is very important. Power semiconductors are
bonded exclusively with heavy wires in wed-
ge-to-wedge technology because of the high
currents needed for these chips.

Thick wires have a diameter between 100 and
500 micrometers. Standard wires are typically
thinner than 50 micrometers, and they are
typically bonded with so-called ball-wedge
bonding. The smallest diameters are less than
15 micrometers in thickness. 20 years ago,
these were made almost exclusively from gold,
but we switched to copper and silver in the
past decade — again, simply for cost reasons.

Could you tell us more about the pro-
ject’s goals and how the responsibilities
are shared?

At the Extrusion R&D Center of TU Berlin,
composite wires are produced first by extrusi-
on and, afterwards, by drawing. The bonding
wires have a diameter of approx. 0.5 mm and
consist of an Al sheath around a Cu core. The
suitable forming conditions are determined by
numerical process simulation. The results are
validated by comparing them to observations
from real-life forming tests.

At Fraunhofer IZM, the mechanical properties
of the bonding wires are characterized by
tensile tests and hardness tests (micro/nanoin-
tended). We can also determine their current
carrying capacity can and compare them to
other commercially available materials. The
optimum thickness of the aluminium cladding
is determined, focusing on the bond yield

on semiconductor material without cratering
(with a goal of 100% vyield due to thicker

Al cladding) and on a high current carrying
capacity achieved with the largest possible Cu
core.



We are using a demonstrator setup for
industrial wire bonding equipment with our
industry partners Hesse GmbH and Vitesco
Technologies GmbH to carry out bond tests
and introduce the necessary adjustments to
the equipment or tool geometries.

Finally, temperature cycling and mechanical
stress tests are conducted as part of our relia-
bility and lifetime evaluations.

What will come of the results of this
project?

From a scientific point of view, the analyses

of the extrusion and wire drawing process
chain could initiate a further process chain and
improve material properties.

With our mechanical and thermo-mechanical
investigations, we can see new bimetallic com-
binations coming for bonding wires, which
could keep up with the new requirements of
the power modules of the future, e.g. working
at higher temperatures. The insights gained
from this project will be an important basis
for the production and processing of Al/Cu
bonding wires.

What about the commercial point of
view?

The Al/Cu-compound wires we are working
on are meant for the assembly and connec-
tion of power electronic modules. Power

electronics are used, for example, as voltage
converters that transform the DC power gene-
rated from wind or solar energy into the AC
power that can be fed into our power grid.

Power electronic modules can make an
important contribution to our attempts
to reduce our carbon footprint, with loss-
free conversion promising lower energy
consumption.

The same applies to voltage converters in

the field of electric mobility. For today’s and
tomorrows electric cars to have all the functi-
ons we expect, like autonomous driving, we
need to save weight, increase performance,
and/or scale down their components.

What's the future of wire bonding?
Will it still be relevant in 15 years?

| can tell you an anecdote about that: When

| started working here at Fraunhofer IZM

22 years ago, the head and founder of the
Institute at the time, Professor Reichl, told
Professor Lang, his eventual successor and,
back then, head of the wire bonding group,
that he should start to look for a new research
interest, because wire bonding would soon be
dead in the water.

And yet today — to give you a roughly estimate

— over 75% of microelectronic products are
wire-bonded, exactly because it is such a
flexible and low-cost technology.’

0.5 mm
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| assume that wire bonding technology will
continue to stay relevant going forward.

Wire bonding will make significant progress
with thinner standard wires, supported by a
greater choice of different and high-precision
machines. Innovations are already happening,
especially in the field of flip chip bonding,
chiplets, or embedding technologies. But all of
this will need time.

Thank you very much for the interview!

The aluminum-copper-bimetal bonding
wire transfer project was funded by the
DFG.

Source:
'Yole Report 2019: Automotive Packaging
Market & Technology Trends
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Rechargeable Bees? The Surprising Uses
of Miniature Batteries

Author: Jacqueline Kamp

raunhofer IZM is pushing the boundaries for extremely small lithium-ion batteries, with the tiniest battery
coming in at only one square millimetre. These super-small batteries are used in tiny in-ear devices or, unexpec-

tedly, on the backs of worker bees.

Dr. Robert Hahn from Fraunhofer IZM tells us more about the bees and why they are wearing tiny backpacks stuffed

with miniature sensors.

ReallZM: Let’s start at the beginning:
What exactly are lithium-ion batteries
and what is special about them?

Dr. Robert Hahn: Lithium-ion batteries are
the most widespread rechargeable batteries
today. They were first installed in mobile
phones, and later also in notebooks and tab-
lets. Now, they can even be found as the main
battery of electric cars.

What is Fraunhofer I1ZM focussing on in
the development of lithium-ion batteries?

At Fraunhofer IZM, we are focusing on these
very, very small batteries that no one else can
develop, except for us. To develop them, we
are using our silicon wafer-level processes,
which take place here in the clean room.
These batteries are really very small indeed:
only 1x1 mm?2. Because of this tiny size, a
few thousand of them can be produced on a
single wafer. However, there are not yet that
many users who need such extremely small
batteries. But we have already had a pro-
ject with a large medical manufacturer who
wanted to fit electronics onto a contact lens.
Another project involved very small hearing
aids that are placed directly on the eardrum.

At the moment, we are developing batte-
ries that fit into very small sensors for bee
research. The bees will be fitted with sen-
sors to capture data as they fly around. Our

innovation is this small housing. The battery
materials we are using are actually exactly
the ones used in mobile phones or electric
cars. With lithium batteries, you get many
subgroups and different electrolytes, and
we always try to use the latest and best
developments.

Can you tell us a bit more about the bees
with the mini-batteries on their backs?

The project Sens4Bee is funded by the Federal
Ministry of Agriculture and Food here in
Germany and is currently still active. Our part-
ners are a company that makes electronics,
beekeepers, and people who make the hives
and frames for the colonies.

And Fraunhofer 1ZM is producing the
small batteries for this project?

Exactly, we are producing tiny batteries and,
in this case, even a very small solar module
that is attached to the bees. Since the bees
are usually in flight during daytime when the
sun is shining, the battery can be charged on
the go. It would be difficult to connect the
bees to a charger.

We chose silicon solar cells that are essentially
similar to the solar panels you see on people’s
roofs. In this case, however, silicon has the
added good property of reacting sensitively
to infrared radiation. Bees cannot perceive

Dr. Robert Hahn

+49 30 46403-611
robert.nahn@
izm.fraunhofer.de

Group Manager
»Micro Energy Systems«
at Fraunhofer 1ZM




1 X1 mm?2

size of the batte-
ries developed by
Fraunhofer IZM

infrared radiation at all. That is why the batte-
ries can be recharged with infrared in the hive
if the time in flight was not long enough for
recharging. In this way, sensor data can still be
collected in the beehive.

You just said that the researchers at
Fraunhofer IZM are the only ones in the
world who can manufacture these super-
small batteries. Can you describe in more
detail how they are produced?

There may, of course, be other companies that
can do this, but they simply haven't published
anything yet. One can never be sure. | could
well imagine that as soon as there are more
applications for these miniature batteries,
other companies will turn up that can produce
them. But as it is now, it is an ideal area of
application for us.

The lithium in the battery is very sensitive to
humid air, so the battery has to be complete-
ly hermetically sealed. Larger batteries have
pretty good casings. They are welded into a
composite film of polymer and aluminium,
with a polymer-on-polymer weld. The polymer
itself is not 100% waterproof. A few mole-
cules always diffuse into it, but that doesn't
matter for a large battery.

With very small batteries, the story is diffe-
rent: Every water molecule that enters the
system will react with a lithium atom, so that
the capacity of the battery becomes smaller
and smaller. That's why the housing must be
hermetically sealed in any case.

Up to now, we simply did not have such
super-small, but hermetic cases. One area
where we had something of the sort is
pacemakers. There are batteries that are used
for implants and for other applications in the
body.

These batteries, however, are actually welded
in with glass feed-throughs, small glass discs
with a welded-in wire and a welded-on
titanium housing around the unit. Metal and
glass together seal well. But this lead-through
alone has a diameter of at least 2 millimetres.
If the whole battery is supposed to be smaller
than one millimetre, this is just too large.

This is a problem; the smaller the battery, the
more space the housing technology takes up
and the space left for actual battery material
becomes smaller and smaller. There are tech-
nologies with silicon where vias are made in
the silicon from one side to the other. Copper
is passed through vertically and goes through
the lithium. This can also be used for normal
circuits to pass through for the battery.

The battery only needs two poles. Silicon has
the advantage that it can be structured far
more finely than most other materials, which
is why it is used for semiconductor techno-
logy. The existing structures are already in the
nanometre range; you can actually structure

it that finely. We don’t need it to be that fine
yet, but we could, if we wanted to, make
silicon sensors for the battery housing that are
perhaps 50 micrometres wide. But it is import-
ant that it also remains mechanically stable.

That is why the lid and the top and bottom

of the batteries are about 40 micrometres
thick. Although this technology is thinner than
a human hair with such small batteries on a
millimetre scale, most of the battery’s body is
active material, such as the anode and catho-
de, which are filled with lithium. The casing
around it is very small. That’s why we use
silicon. But then, silicon is not such an ideal
material for the housing, because it has to be
passivated very well, as it could react with the
lithium otherwise. Glass would be better, but
it cannot be structured that finely.

Therefore, it's a question of making a silicon
substrate that has recesses for the anode and
cathode, and walls that are as thin as possible
all around. We then make the hermetic encap-
sulation by first gluing a lid onto it, which is
still a polymer. Then everything should be
metallised again. After that it's coated with

a 5-micrometre metal layer and completely
sealed at the end.

What were the biggest challenges in the
development of this technology?

The most difficult thing about it all is that the
liquid electrolyte still has to go into each of
these millimetre-scale batteries. | don't think
anyone can do that except Fraunhofer IZM.



Droplets of electrolyte have to be poured into
each of the thousands of batteries on the
wafer. When the lid is then glued on, the elec-
trolyte must not combine with the adhesive,
otherwise it would not stick properly.

On the other hand, the available space should
be as full as possible with electrolyte, so that
the internal resistance of the battery is low,
and it has high ionic conductivity. This is extre-
mely complex technology.

Another difficulty was that batteries are not
particularly temperature-stable. They can
withstand 80 degrees for an hour or so, but
if it is this warm or warmer for longer, they
degrade quite quickly. That's why it’s not
good to leave a mobile phone in a warm car
with the sun shining in.

When it gets that warm, the battery ages
quite a bit. It's also bad for manufacturing if
batteries get too warm. In the clean room,
with all the processes and machines that are
used for the final metallisation, for example,
it can quickly get over 80 degrees. These pro-
cesses have to be optimised so that they work
at as cold a temperature as possible. That was
a lot of work.

What are future areas of application for
these super-small batteries?

We can think of it as three different areas: The
biggest market will probably be in medical
technology. Very small electronic sensors will

be placed somewhere on or in the patient’s
body, for example. They would then be linked
to artificial intelligence or the Internet of
Things. In this way, vital parameters such as
eye pressure or various other things could

be measured. That is not yet possible at this
point.

We have already received many enquiries
about sensors for use in the mouth. They
could measure certain things, for example,
via implants in the gaps between teeth or in a
kind of dental chip with very small electronics
built in. Of course, the electronics have to be
very thin, otherwise the wearer would notice.
It also works in the ear. There are very small
hearing aids that sit directly on the eardrum,
so that you no longer have tiny versions of
regular loudspeakers, but a piezo actuator
that moves the actual eardrum. This is very
effective and uses less energy overall.

This goes as far as implants, for example
pacemakers, which are located directly in the
heart at the point where the impulse should
be delivered. These implants are only as big
as a slightly larger grain. However, they would
have to be charged differently; there are

also projects to charge them directly via the
pressure fluctuations in the heart itself, so
that energy is generated again by mechanical
conversion.

To some extent, this is still a vision for the
future. But there are already products for
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a synonym for the whole
technology spectrum
enabling direct chip
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hearing aids and braces. The technology is
still a bit bigger right now, but it will probably
become smaller in the future. Many things
could also be considered for a possible contact
lens. A display in the eye that can show you
something for example, like in James Bond.
Ophthalmic diseases could be treated better
with such technology. There are many things
that could be included, up to and including
the electronic lens itself. This could replace
today'’s varifocals.

The second area would generally be research,
where you just want to have tiny sensors

that measure something somewhere without
affecting the environment themselves. Even
if you only want to track the temperature on
a very small object, a thermocouple would
perhaps already falsify the measurement. So
very small sensors are used. But this applies
not only to temperature, but also to all kinds
of other sensors that would otherwise be diffi-
cult to get at.

In the project with the bees, for example, we
want to look at the behaviour of the bees
themselves and how endangered they are by
environmental toxins, or how the performance
of the bees can be increased. In addition, bees
have already become a kind of farm animal,
which can be seen as mass farming.

This might be ethically questionable. Never-
theless, there is good monitoring to make sure
that the bees’ welfare is not affected. The
difference to other farm animals, which are
bred with virtually 100% human control, is
that this is not possible with bees yet, because
the queen bee meets drones in the air, and
this is difficult to control. But it should at least
be observed better to understand what is hap-
pening. That is why such sensors are needed,
which are attached to the drones.

On the other hand, bees, bumblebees, and
other insects are also used as carriers. Sensors
are attached to them which can take different
environmental measurements. They fly around
everywhere, all over the country, so thousands
of measurements could be analysed, also with
artificial intelligence. This is another area of
research for which these small sensors could
be needed.

Then there is a third area of application that
will become even more interesting in the
future. Electronics are increasingly present in
all areas of life. Accordingly, it is also beco-
ming more and more important that these
electronics cannot be tampered with or
hacked. All kinds of processes must func
tion smoothly, which is why there are many
encryption systems. The electronics should
therefore be completely secure and reliable.
One way to better protect current encryption
systems or the keys themselves is through
hardware. You could attach one of these
super-small batteries to an integrated circuit
on which the key is stored. The battery can
then permanently monitor whether someone
is trying to read the key without authorisation
and destroy the key. This is part of a parti-
cularly tamper-proof electronic system and

a realistic area of application for these small
batteries.

So far, we have had projects in two of these
areas. One is for small sensors in research, and
the other is for medical technology. We have
also looked at safe electronics, but have not
yet had an active project on that side.

What medical technology projects have
you used these batteries with at Fraunho-
fer 1ZM?

We already had a project for these small
hearing aids that sit on the eardrum. The
internal resistance of our battery was still a bit
too high, because they wanted the battery to
recharge as quickly as possible.

A good way to charge it would be with a
small solar cell and infrared radiation. For this,
you would put an infrared plug in your ear to
recharge the device. But the company wanted
the recharging to work within 15-60 minutes,
and we haven't managed that yet. Now, we
are working on improving the internal resis-
tance and fast-charging capabilities. Another
thing is capacity, which gets smaller when
the battery gets smaller. That's why it’s also
important for us to always use the latest mate-
rials with the highest energy density. We put
a lot of work into getting the highest possible
energy density in our small batteries. To that
end, we employ larger or more energy-rich
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materials than those used in regular batteries
today, in order to compensate for the scaling
effect that very small batteries can also store
less energy. The hearing aid, for example,
must last at least 12 hours before it needs
recharging.

Is cost optimisation always considered
when new materials are used?

The complex process with silicon wafer pro-
duction is quite expensive, but since the batte-
ries are so small, the materials really don't play
a role. In addition, you can get quite good
prices in medical technology. This preform of
the hearing aid, in which our battery might be
used in the next generation, costs €80 or so
for a rechargeable battery, | think.

When we produce batteries on a contract
basis, it's usually a few thousand pieces. The
price per battery ends up around €50 to €100.
That is acceptable in any case. After all, we are
not a factory, but only produce small series
and prototypes.
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High Speed with Optical Signals:
Will the Printed Circuit Board of the
Future Be Made of Glass?

Author: Katja Arnhold

criss-cross our globe. We also experience the digital world through a pane of glass: We interact with the

online world every day through the glass display of our smartphones. For almost 20 years, Fraunhofer IZM has
been working on giving glass an even greater role in data transmission. But even today, copper cables are used when
data has to be transmitted over short distances in the centimeter range, for example on printed circuit boards.

T he backbone of our digital world is made of glass: A network of optical fibers spans the globe and lets data

In order to use optical signals for these short distances just as they are used in longer-distance fiber optic cables,
Fraunhofer IZM invented the electrical optical circuit board (EOCB). And in close cooperation with research and
industry partners, a complete process was developed to manufacture EOCBs from glass. ReallZM has met Julian
Schwietering to speak about the fascinating material that is glass, the advantages of electro-optical circuit boards,
and the future applications for this photonic assembly technology.

The idea of integrating an optical layer into integrate optical waveguides into glass. This is
printed circuit boards was first published by the process that was developed by us for com-
Fraunhofer IZM scientists in 1999. In 2003, mercial, mostly closed systems in cleanrooms.
it was decided to use glass as the material Getting people to know about this process is
for the optical layer. The waveguides for this a major concern for me, which is why we crea-

optical layer are fitted in the glass with anion  ted a short film on the subject.«
exchange process, a process that has been

known since the 1970s, but was only used on

small-format glass.

A team at Fraunhofer IZM transferred the
technology to large-format thin glass to make

it usable for printed circuit boards. To date, . DAR ; C Julian Schwietering
IZM is a leader in the production of electrical- —

optical circuit boards on formats up to 457

mm x 303 mm. +49 30 46403-731

julian.schwietering@
How are optical waveguides integrated izm.fraunhofer.de
into glass? What are the individual pro-

cess steps involved?

Video on Youtube
Group Manager

»Optical Interconnection
Julian Schwietering, head of the EOCB team Technologies« at

in the Optical Interconnection Technologies Electro-optical circuit boards enjoy all the Fraunhofer 1ZM

group at Fraunhofer IZM, knows the answers:  benefits that optical signals have over elec-
»You need quite a long process chain to trical transmission. In addition, glass-based
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long single-mode
waveguides were
realized in thin

glass by
Fraunhofer IZM.

#glasssubstrates

Common sizes of
glass substrates:

In progress
515 mm x 510 mm

Current

development status
457 mm x 303 mm

Current standard size
303 mm x 227 mm

EOCBs also have all the advantages of glass

as a material: very good dielectric properties —
especially for high-frequency applications — as
well as great dimensional stability, biocompati-
bility, and high chemical resistance.

For Schwietering, it all starts with the very
basics: »Glass is one of the oldest materials
known to mankind. Although it has been used
in various forms for thousands of years, many
effects in glass are still not fully understood.
This makes it an exciting material to work with
for us researchers.«

Glass: Solid and flexible at the same time

Unlike crystals, glass has no long-range perio-
dicity in its atomic structure. Thanks to the
periodic atom structure of a crystal, you can
be sure that its fundamental structures (lattice
cell) will be the same even after millions of
atoms. This makes crystals more predicta-
ble. Glass, on the other hand, is amorphous:
Its structure consists of three-dimensional
connected rings of different sizes, which are
arranged unevenly. Many theories from solid-
state physics therefore do not work for glass.

Much research is still needed on the fun-
damental properties of glass, Schwietering
admits: »At this year’s conference marking
the 100th anniversary of the German Glass
Technology Society, a leading glass researcher
concluded that the solution to the current
challenges in the theory behind the chemical
hardening of glass will lie in artificial intelli-
gence. The conventional research methods
used so far have not helped us make sufficient
progress. There is still much to discover, and
glass has incredible potentiall«

It is no surprise that the UN declared 2022 the
International Year of Glass. A leading manu-
facturer of specialty glass even declared our
current times the Glass Age.

The glass future:
Larger, thinner and bendable

In the production of EOCBs, the IZM research
group uses commercially available borosilicate
glass in half-format sizes. This corresponds

roughly to the size of a DIN A3 sheet and has

a thickness of 550 um. Borosilicate glass is
inexpensive and, unlike expensive specialty
glasses, readily available in large formats.

»Fraunhofer IZM is, as of now, the only
research institute in the world that can func
tionalize such large-format glass electrically
and optically«, Julian Schwietering says. From
laminating additional electrical layers onto
the glass to processing the glass itself, the
researchers* have extensive process knowled-
ge for manufacturing printed circuit boards
from glass. »Our goal is to double the size

to the so-called full format and, at the same
time, make it even thinner to produce flexible
EOCBs.«

The integration of waveguides now works in
a processing-ready manner. This technology
could be transferred to industrial use at any
time. Nevertheless, the research work is far
from complete. Work is currently underway to
integrate additional functions in glass.

»We are in the midst of implementing multi-
mode interference couplers with our pro-
cess that split light from a single to multiple
waveguides. Furthermore, we are working to
automate characterization methods and the
permanent coupling to optical fibers.

We have already developed an automa-

ted measurement station to determine the
insertion loss of hundreds of waveguides on
one panel. Such equipment is essential if the
technology is to be used in industry,

The technology of the future for data
centers, (autonomous) e-vehicles, and
quantum technology

Electro-optical printed circuit boards are not
yet used in commercial production. In addition
to telecommunications, the first potential
applications for the photonic packaging tech-
nology are sensors and quantum packaging.

»We expect EOCBs to be used first in data
centers or wherever there is an extremely
large amount of data to be processed securely
in a very short period of time, the scientist
estimates. It will be a while before EOCBs are
also required in consumer products. However,
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#photonic-
integration

Photonics have establis
themselves as an essen-
tial pillar of modern and

efficient lighting, ultra-
high-speed data transmis-

sion and processing, and
modern sensor technology:
for environmental, traffic,
industrial, and medical
applications.

it is only a matter of time before electrical
signal transmission will reach its limits there
as well.

In addition to the higher data rates, there are
other advantages that speak in favor of its use
in certain applications. Optical signal transmis-
sion is playing an increasingly important role
in e-cars when compared to conventional cars
with combustion engines.

Modern vehicles are increasingly resembling
supercomputers. In a battery-powered car, it
is important that the individual components,
the control elements, and all safety-relevant
components are galvanically, i.e. electrically
isolated from the battery and the battery
management system.

In the event of an accident or damage, the
safety systems must not be affected by elec-
trical short circuits. The use of optical fibers
or waveguides in glass, which do not conduct
any electricity, has safety advantages in this
respect.

Fraunhofer IZM scientists are currently building
a QuantumPackaginglLab at the Berlin site,
which is funded by the European Union and
the state of Berlin to the tune of 3.39 million
euros.

The lab will develop new quantum techno-
logies based on glass. Using highly specialized
equipment, the researchers will be able to e.g.
produce hermetic packages made from glass
and to functionalize them electrically and
optically. Laser structuring of glass will also
advance, and the coating of glass with nano-
meter-precise layer thicknesses will become
possible at Fraunhofer IZM.
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Electrification in the Fast Lane:
How SIC is Driving
Power Electronics Forward

Author: Katja Arnhold

he new generations of semiconductors with a wider band gap (WBG), such as silicon carbide (SiC), have the
potential to put electric mobility in the fast lane. This is because they yield significantly higher efficiency com-
pared to conventional silicon IGBT circuits and offer numerous other advantages, such as better temperature

stability and less power loss.

In his interview with ReallZM, Lars Bottcher, head of the »Embedding and Substrate Technologies« working group at
Fraunhofer 1ZM, spoke about the challenges of packaging SiC power semiconductors for the electric vehicle industry.

Lars Bottcher

+49 30 46403-643
lars.boettcher@
izm.fraunhofer.de

Group Manager »Embedding

and Substrate Technologies«
at Fraunhofer IZM

ReallZM: Starting with the basics: What
are the advantages of SiC power semi-
conductors for electric vehicles, and
where are they mainly used?

Lars Bottcher: To date, SiC power semicon-
ductors have primarily been used in traction
converters and inverters for electric vehicles.
First, you want to convert the DC current from
the high-voltage battery into AC power for
the electric engines. Second, you need a way
to convert the AC current that electric vehicles
get from their chargers into direct current for
the HV batteries. SiC power semiconductors
do not yet play a major role in the battery
management systems of electric vehicles. For
cost reasons, silicon technology is still used
there.

SiC power MOSFETs are a very good option
for the highly efficient drive converters with
high power density you get with electric
vehicles. Put simply: they are efficient, reliable,
and compact. Compared to silicon IGBT cir-
cuits, silicon carbide (SiC) gives you significant-
ly higher efficiency.

SiC is more reliable in terms of tempe-
rature stability, allows higher operating

temperatures, and has higher dielectric
strength.

Optimizing efficiency is not only important for
faster switching, but also for improved range
and for a longer service life of the batteries in
electric vehicles. Another decisive advantage is
the lower power loss, which makes it possible
to significantly reduce power densities. In the
engine compartment of a vehicle, every cubic
centimeter is worth its weight in gold. The
ability to minimize volume and weight via the
traction converters and control inverters gives
you a competitive advantage.

But the high efficiency of SiC also poses
exciting challenges for us technologists. The
dielectric properties of SiC directly impact the
development of gate drivers and protective
devices, among other things. In addition to
design challenges, we have to make sure that
the drive converters are properly isolated from
the sensitive low-voltage electronics of the
vehicles.

Wherever power is converted, heat gets
generated. Understanding and mastering the
thermal design of SiC modules for the specific
application is essential when you compare



it to traditional IGBT modules. We have to
match the materials — the electrical insulation
and the thermal path — up with each other.

You can add to this the innovative nature of
this technology. All materials surrounding

the semiconductor must be resilient, and

the individual components must withstand
temperatures of up to 175 °C over their entire
life cycle.

What role does packaging technology
play in the functionalization of SiC chips?

To put it bluntly: | can’t just plug a piece of
silicon carbide into a socket. Chips have to be
functionalized using packaging and inter-
connection technologies. This can be done
either with classic wire, ribbon or clip bonding
technologies, or with innovative techniques
like PCB-based embedding, SKiM or eMPack
technology from Semikron Danfoss.

The world of packaging and interconnection,
in which our research institute has been ope-
rating successfully for over 30 years, is a key
bridge between the wafer world — the fabs
that produce the wafers equipped with semi-
conductors — and the actual applications.

The fabs supply the semiconductors, which
are at first of no use to Tier 1 suppliers or
vehicle manufacturers without the correspon-
ding packaging and interconnection. The
packaging and interconnection is the basic

prerequisite for creating individual packages
from the devices and, in turn, build an inverter
from the individual packages.

In my working group »Embedding and subs-
trate technologies«, we focus on the techno-
logical approach. We have many years of
experience with embedding Si, SiC, and GaN
chips, and we have a complete state-of-the-
art processing line.

One of Fraunhofer IZM’s strengths lies in our
interdisciplinary collaboration. We coopera-
te very closely with the »Power Electronics
Systems« working group headed by Professor
Eckart Hoene. This enables us to design SiC
modules for our clients, from the electrical
switching technology to the structure of the
layers.

Our research institute has experts in material
properties as well as teams that carry out load
change tests and reliability assessments and
investigations, such as the change from sto-
rage temperature to high temperature, accor-
ding to customer-specific requirements. With
each new generation of power electronics, we
can get better functionality and lower costs.

At the same time, this always brings greater
challenges in terms of reliable insulation and
thermal management. For new types of semi-
conductors with extremely high bandwidths,
standard tests with rigid test methods will not
(or no longer) be sufficient for evaluating the
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#powerelectronics

The (energy) efficiency of
power-consuming products,
from switched-mode power:
supplies, to electric and
hybrid cars and railway
traction drives, through to
large industrial drives, is
crucial.

All of the latter technolo-
gies areas and more rely on
power electronics, and each
makes individual demands
on the system, which have
to be taken into account
during the circuit design
and layout.

Good solutions for impro-

ving energy efficiency and

miniaturization of inverters
include wide-bandgap
(WBG) semiconductors like
silicon carbide (SiC) and

gallium nitride (GaN).

(remaining) service life; instead, custom »appli-
cation profiles« are likely to dominate this area
of activity.

Fraunhofer IZM has been involved in the
development and implementation of embed-
ding technologies for inverter structures in
high-voltage traction inverters for automotive
applications. We do this on behalf of our
industrial customers and as part of several
publicly funded projects like SiCModul, SiCef-
ficient, and HiEFFICIENT.

From the feasibility assessment for a new
technology to the actual implementation of

a traction inverter structure, we check the
technological feasibility of customer-specific
requirements in terms of thermal and electri-
cal design. We are able to produce prototypes
and a manageable number of samples and
provide support for a rapid transfer to indust-
rial production in Europe with our cooperation
partners.

Why are innovative packaging processes
needed for SiC semiconductors?

Traditional wire-bonded modules very quickly
reach the limits of what is physically possi-

ble in terms of power density and electrical
properties. Wire bonds only have a limited
service life during active power cycles, as each
component is actively energized and heated
by 100 to 120 Kelvin in a very short time.

Compared to other connection technologies,
wire bonds are also much more limited in their
electrical properties. You cannot achieve the
fast switching speeds and low losses with wire
bonds, where relatively strong parasitic effects
occur in terms of inductance due to the elec-
trical connection to the semiconductor itself.
This means that existing packaging processes
must either be improved to suit SiC, or we
need completely new processes.

The focus tends to be on the development of
new methods. A reference example from cur-
rent technical literature would be the eMPack
power module platform for automotive
applications made by Semikron Danfoss. This
involves wiring via a flexible substrate, which
is placed on both the front and back of the

semiconductor using silver sintering.

Conventional packaging processes using wire
bonds and frame modules on ceramic subs-
trates are two-dimensional. It is not possible
to integrate additional current-carrying layers
directly above the semiconductors in order to
apply additional components, which would
favor lower-loss switching by reducing parasi-
tic effects.

In our experience, PCB embedding techno-
logy is the best option for a three-dimensional
design. We are also seeing increasing interest
in this from Tier 1 and OEM partners. This
process allows us to optimize electrical perfor-
mance, thermal management and insulation
reliability and to minimize parasitic effects and
switching and conduction losses.

As technologists, we can make numerous
adjustments. The two key aspects that speak
in favor of PCB embedding technology are:
the significant improvement in electrical
switching behavior due to the low-inductan-
ce connection and the significant increase in
reliability.

It has been proven that direct copper metall-
ization for silicon carbide power semiconduc
tors leads to a significant increase in active
load change cycles, which translates into a
longer service life. As part of one project, for
example, we eventually aborted a test series
after more than a million load cycles. With
wire bonds, significant failures usually occur
after around 100,000 to 120,000 cycles.

The industry is showing increasing interest

in embedded SiC power semiconductors for
high-power electric drives, particularly traction
inverters for hybrid and all-electric vehicles.
There are many reasons for this. Embedded
SiC modules do not differ fundamentally from
wire-bonded SiC inverter modules in terms

of switching capacity. The latter are used in
vehicles.

The difference lies in their efficiency. Embed-
ded SiC modules offer improved electrical
switching. The reduction in parasitic induc
tances reduces switching losses. In addition,
the volume and height of the embedded



modules and, by implication, their weight
can be minimized. Saving just one or two SiC
semiconductors per module means real cost
advantages.

What are the advantages of pre-packa-
ging SiC modules in terms of reducing
losses or the risk of individual modules
failing?

Let's take a fictitious example: A 3-phase
inverter with three half bridges is equipped
with over 20 SiC power semiconductors per
half bridge. If just one of these SiC modules
fails or is damaged, the entire half bridge
would be unusable. Economically, this would
be a major loss.

In our opinion, SiC pre-packaging is recom-
mended to significantly increase the yield, e.g.
on a ceramic insulation. In the SiCeffizient and
DauerPower research projects, we used this
method to form inverter modules on a high-
current PCB, implemented with a low-induc
tance connection.

During pre-packaging, the SiC modules are
assembled analogously to a complete half-
bridge, then embedded in the PCB mate-

rial and wired to the outside with micro-via
copper metallizations. The result is individual
chips that are 100 percent robustly packaged
and tested in the material, which can then be
used on either SMDs or high-current PCBs.

With the pre-packaging approach, the risk

of losing over 20 other modules at the same
time in the event of a single faulty SiC module
is low. One disadvantage that should not go
unmentioned is that pre-packaging limits
what you can do in terms of a reduction in
volume and the level of power density.

What further developments and research
can be expected with regard to alternati-
ve semiconductor materials with a large
band gap?

On top of its electrical properties, SiC has the
advantage that it is ideally suited for high-vol-
tage applications in the automotive sector.
For example, a 1200 V SiC MOSFET enables
very efficient operation at battery voltages

in the 850 V range. GaN semiconductors, on
the other hand, are so far mainly used in the
lower voltage range with very low voltages,
for example in high-performance chargers for
cell phones that switch up to 100 watts.

Occasionally, GaN semiconductors are avai-
lable for applications in the 850 volt range.
However, the idea of 1,200 volts is still being
developed. Should such semiconductors based
on GaN be available in the future, they would
be a good and inexpensive alternative to SiC.

Research is also being carried out into alter-
native semiconductor materials with a large
band gap, such as synthetic diamonds, gallium
oxide (Ga,0,) and aluminum nitride (AIN). To
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our knowledge, no semiconductors ready for
series production have yet been realized.

What is your forecast for the market for
SiC semiconductors, and how has demand
developed in recent years?

SiC technology has become more mature.
Nevertheless, the challenge is that the single
crystals still have many flaws even under
optimal growing conditions. Manufacturers
are well on the way to increasing the yield

per wafer and reducing production costs. The
demand for SiC is actually higher than existing
production capacities allow.

Semiconductor manufacturers are therefo-

re investing heavily into existing and new
wafer production sites in order to be able to
manufacture formats of at least 150 mm and
200 mm in diameter. Yole forecasts a market
volume of around 1.5 billion US dollars for SiC
in 2022, with the volume expected to quadru-
ple over 6 billion US dollars in 2027

Source:
' Market and Technology Report - Power SiC
2022, Yole
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