


BOOEOE0OEONE

BE00O0ECOCONEE .
SO HoNEOOONRON0N=0
Hﬁ.ﬁl oDoo=EoBooED
el o w0 e o et o Y 0 X o)
nﬁnﬂ CoCcCDOoDoEz=OoE0
CDooDOoDcoDZoZooDons
{efefojotofofoNofotofofofo)oiel
ponoononnononono.
no_oﬂoﬁoouoﬂaomnni
ieie{ofefejetofofoNo)oio(o) o] o)eted

apononoooo. ﬂ,.ﬂﬂﬁ,nﬁ
~jefeYejoe[eYe(ojololo)olo]e lele )

~~~ MEMS APPLICATIONS



il

Array of ultrasound transducers

ISIT scientists have been working on the development of
micro electro mechanical systems (MEMS) for more than

30 years. In the Business Unit MEMS Applications,

ISIT focuses on the design, development, and production of
MEMS components and MEMS systems.

Optical microsystems are a major focus in this business
unit. ISIT develops vector scanners as well as resonant
MEMS scanners including control and readout electronics
for various types of laser projection displays, for optical
measurement and detection systems (e.g. LIDAR), for
applications with high laser power in the field of material
processing and generative manufacturing as well as for the
use in optical telecommunications.

Various magnetic structures

Based on a patented manufacturing process, ISIT is
currently the world’s only manufacturer of two-axis,
wafer-level vacuum-encapsulated resonant MEMS scanners.
Operating these scanning micromirrors in a vacuum
environment offers significant advantages. Damping by

the gas molecules is reduced to a minimum, enabling
high-frequency scanning with unrivaled scan angles even at
low electrostatic driving voltages. Hermetic encapsulation
at the wafer level also results in the cost-effective and
permanent protection of the scanning micromirrors

against all kinds of contamination. This for example makes
the steam sterilization of these MEMS scanners in an
autoclave for endoscopy applications possible without
causing damage.



Different types of piezoelectric micromirrors

ISIT has also realized a 3D camera with a depth resolution

of just a few millimeters and a detectable object distance of
2 meters on the basis of 2D MEMS scanners. Novel scanning
micromirrors with apertures of up to 2 centimeters and highly
reflective coatings even permit highly dynamic dual-axis laser
beam deflection for CW laser outputs of up to 500 watts.

In addition to capacitively driven resonant scanning micro-
mirrors, ISIT also focuses on piezoelectrically driven vector
scanners. These systems are characterized by a very high
force-density combined with low energy consumption and
allow quasi-static deflections of more than +10°.

A further focal point in this business unit is acoustic microsys-
tems. In this fast-growing field, ISIT is an international leader
in research into innovative, highly miniaturized loudspeakers
for applications in wearables, hearing aids, AR/VR, wireless
headphones and smartphones. These MEMS loudspeakers are

BUSINESS UNIT
MEMS APPLICATIONS

at least as good in acoustic quality as their conventional elec-
trodynamic counterparts, but are significantly less expensive
and can be fabricated more miniaturized. Further advantages
are the high energy efficiency and the high

acoustic bandwidth (20 Hz - 100 kHz) of these components.
This makes ISIT's chip-level loudspeakers particularly attractive
for mobile communication devices such as tablets,
smartphones, headphones and hearing aids in which high
acoustic quality is required while at the same time further
shrinking in size and low energy consumption are targeted.
Ultrasonic microsystems, e.g. for 3D distance measurements
and haptic man-machine interfaces, are another research
topic. Depending on the frequency range, the transducers

at ISIT are usually designed as thickness-mode or membrane
transducers with AIN, AIScN, or PZT as drive materials. Efficient
ultrasound transducers with center frequencies of a few kHz
to several hundred MHz can be realized this way.

Contact

Dr. Fabian Lofink

Phone +49 (0)4821 17-1198
fabian.lofink@isit.fraunhofer.de



Figure 1: Array of nine

piezoelectric, quasi-static MEMS

mirrors with gold reflector
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Figure 2: Microscope image of the piezoelectric actuator layer

Motivation

Scanning micromirrors based on the resonant driving

mode have a long history track at ISIT. However, the non-
deterministic movement in resonant operation is not suitable
for all applications, in particular in the industrial field that
requires perfect control of laser trajectories with arbitrary
speed down to full stop (“quasi-static” positioning).

Vector scanning MEMS mirrors use actuators that directly
translate a static DC voltage into an angular deflection.
They have low inertia, small footprint and low power
consumption. A constantly increasing market interest can be
observed for a broad diversity of applications, like optical
communication, material processing and LIDAR (light detec-
tion and ranging).

um

Current State

In a customer project, Fraunhofer ISIT demonstrated an array
of efficient vector scanning MEMS mirrors (see figures 1 and 2)
with 0.8 mm aperture diameter. The actuators are based

on piezoelectric driving structures that are created by
depositing a stack of thin films and subsequent underetching.
The scanner reaches a high static mechanical deflection of

up to 12.5°. Excellent linearity, great repeatability and
long-term stability have been achieved by using Aluminium-
Scandium-Nitride (AIScN) as a driving material. Additionally,
the efficient construction and patented, “rose-leaf” shaped
suspension structures (see figure 3) eliminate mechanical
non-linearity and minimize pitch size. Current efforts target
to build a technology platform that supports many different
applications only by adapting the MEMS design.
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Figure 3: The patented

pm “rose-leaf” actuator with
suspension structures minimizes
the pitch size and improves

mechanical linearity
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Next Steps

Current design efforts for quasi-static MEMS mirrors target
only small aperture sizes (< 2 mm). However, ambitious market
expectations for larger mirrors must not be ignored: Traditional
options like galvanometer mirrors show stable performance,
but cannot avoid a large inertia due to their high mass.
Scanning speed and angles (in particular for 2D scanners) are
very limited and the price cannot be reduced. More and more
application designers therefore urgently wish to replace their
galvanometer scanners by large quasi-static MEMS mirrors.
Using conventional MEMS driving principles, however, will

not show significant advantages: A trade-off always has to

be made between mirror size, scanning speed and scanning
angle. If a MEMS technology can deliver driving forces of one
order of magnitude greater than today, the design limits could
be extended. Former attempts for magnetic MEMS actuation
by integrating coils on Si-wafers and utilizing external
magnetic fields do not deliver sufficient performance, but
Fraunhofer ISIT is working on a unique technique of integra-
ting permanent micro-magnet structures into Silicon wafers.

In this way, forces up to 10 mN are possible, which is much
stronger than piezoelectric drives. Furthermore, the embedded
micro-magnets can be arbitrarily shaped and placed as arrays
to upscale the available driving force (see figure 4).

Besides setting up the technology platform, the current
working focus for magnetic actuation lies also on developing
the most efficient electronic driving unit including coils for low
power consumption and accurate motion control.

52

Figure 4: Quasi-static MEMS mirror actuator using four arrays of

embedded permanent micro-magnets

Outlook

MEMS mirror scanners are massively entering the market.
However, many - in particular industrial - applications are not
yet in reach of available actuator technologies. Fraunhofer ISIT
is strongly involved in developing materials and their wafer
level integration as an enabler for future MEMS generations.
The latest progress on piezoelectric drives and magnetic
structures offers great opportunities for a broad diversity of
applications requirements. ISIT's technology platforms will
allow efficient customization of application specific microsys-
tems consisting of drive units, sensing elements and controller
circuits.

Author: Shanshan Gu-Stoppel
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LIDAR CAMERA BASED ON RESONANT SCANNING MEMS MIRRORS

Motivation

Actual demands in traffic and society like autonomous driving,
drones and multiple 3D object recognition tasks drive the
development of small, cost-efficient LIDAR (light detection
and ranging) systems. Existing 3D imaging systems based on
focal plane arrays with a modulated light source suffer from
a limited resolution, a relatively high energy consumption

of the light source and potential interference with other
systems. These limitations can be overcome by using a MEMS
scanner with a directed laser beam. Current LIDAR scanning
systems with electrostatic MEMS reach 40° scanning angle

in both directions, while Fraunhofer ISIT’s new generation

of piezoelectric driven MEMS scanners can achieve extreme
optical scan angles close to 180° (see figure 4), owing to the
high torque delivered by the piezoelectric material.

Figure 1: Front view of the full Figure 2: Example of a

2D MEMS scanner design

LIDAR system demonstrator

Achievments

Resonant MEMS scanners are much smaller and faster than
polygon- or galvanometric scanners. They are manufactured

in wafer-level processes, which is suitable for high volumes
but involves a significant amount of non-recurring engineering
costs. The achievable scan speed and the capability to integ-
rate two scan axes in a very compact device are fundamental
advantages of MEMS scanning mirrors over conventional
galvanometric scanners. Significant effort is being spent to
increase their field of view and to fulfil automotive qualifica-
tion targets, especially concerning the mechanical and thermal
robustness. Although resonant scanners reach much larger
scanning angles than our piezo-based, quasi-static mirror
drives, there are interesting application perspectives for both
technologies.

Internal tests have shown that MEMS scanners are very reliable
in standby as well as in working mode. A closed-loop resonant
mirror drive will provide a very stable mirror oscillation.
Moreover special designs for mechanical shock resistance have
been developed.
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What we Offer

Fraunhofer ISIT has developed a LIDAR camera demonstration
with 2D scanning resonant MEMS mirrors. The amplitude of

a laser beam is modulated and the phase difference between
the light source and the reflection is measured. A real-time
measurement is realized by using a single pixel APD (avalanche
photo diode). The light projection engine can be miniaturized
to almost sugar cube size, but requires a large camera objecti-
ve (see figure 1) to retrieve sufficient signal strength from the
reflections.

The first demonstration - consisting of a 2D MEMS scanner, a
digitally modulated laser, detection optics and the APD sensor
- achieved the following specifications:

e Resolution 450 pixel x 450 pixel

e Framerate 6 fps (currently limited by the viewing software)
e Detectionrange 0.1 m-8m

e Relative depth measurement accuracy 5 mm - 10 mm
e Sample rate 80 MHz
e UDP Ethernet interface

Figure 3: Different working

modes of the camera.
Left: Reflected light intensity,
Right: Phase shift between light source

and reflection

The laser beam is directed towards the scanning mirror

under an angle of 22.5°. Figure 2 shows an example of a 2D
scanning MEMS mirror that will project a so-called Lissajous
trajectory, which is a sinusoidal movement along two ortho-
gonal axes. The slow horizontal axis oscillates with a frequency
of 525 Hz, covering a total optical scan angle of 40°. The

fast vertical axis has a resonant frequency of 16.4 kHz, also
covering a scan angle of 40°. These parameters correspond to
a projection area of about 1.5 m x 1.5 m in a distance of 2 m.

In order to reach such high amplitudes, the scanner is
hermetically sealed in a wafer-level package under vacuum. A
tilted glass lid shifts the parasitic specular window reflex out
of the projection plane - this particular design was developed
by Fraunhofer ISIT using a unigue glass forming technology for
wafer-level optics.

For demonstration, the laser illumination is in the visible range
(658 nm), but near-infrared light can also be used with this
scanner type. The continuous laser power of 130 mW can

be modulated digitally with a maximum bandwidth of 350
MHz, at low duty cycle for the reason of eye safety. In the
present setup, a modulation frequency of 75 MHz is used.
The detection optics with its large aperture size (d = 60 mm)
allows to capture reflected light from objects within the total
optical scan angle of the 2D-MEMS scanner. By using different
algorithms, either the light intensity or the phase shift of the
monochromatic illumination can be visualized (see figure 3).

Author: Thomas Knieling

Figure 4: Piezoelectric driven
MEMS scanner with large scan

angle of 160°

55



ACOUSTIC SYSTEMS AND MICRO ACTUATORS

The group Acoustic Systems and Micro Actuators at
Fraunhofer ISIT combines the expertise of micro actuator
concepts and their fabrication with the fast developing field

of MEMS acoustics. Applications range from audible acoustics
for consumer applications over airborne as well as liquid-borne
ultrasound up to structure-borne sound for technical
applications. Acoustic MEMS devices cover both, the
generation of sound (loudspeaker) as well as its detection and
measurement (microphone).

Figure 2: MEMS microspeaker in an in-ear headphone prototype

Revolution in headphone speakers

Our reference system is a MEMS microspeaker based on piezo-
electric bending actuators for use in headphone applications.
With an area of only 4 mm x 4 mm the MEMS microspeaker
enables sound pressure levels of more than 110 dB measured
in a 2 ccm ear simulator with a flat frequency response over a
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Figure 3: MEMS chip for ultrasonic application

broad range from 20 Hz to 20 kHz. The high energy efficiency
and low distortions make it the ideal microspeaker for truly
wireless high-fidelity in-ear headphones and wearables.

Wide range of technologies

To achieve the best results and tailor the systems to the target
applications, we have numerous complementary technologies
at our disposal. The utilized concepts include but are not
limited to magnetic, electrostatic and piezoelectric interaction.
The fundamental effects are implemented in a variety of geo-
metries to be utilized for high performance micro actuators.

Specialist in piezoMEMS

A special focus with more than 10 years of experience lies in
the utilization and integration of piezoelectric materials.
Our piezoMEMS technology platform today comprises the
functional materials lead zirconate titanate (PZT), aluminum
nitride (AIN) as well as aluminum scandium nitride (AIScN).
A typical implementation is the use in unimorph structures,



where the piezoelectric material works against a passive
second layer to induce bending.

What we offer

At ISIT we offer the full development chain for acoustic
MEMS and micro actuators. Starting from the concept phase
we use our broad system know-how and numerical
simulations to find the optimal design of the MEMS device for
the application requirements together with its integration into
the system. The fabrication process is developed using

our 200 mm silicon technology in-house capabilities complying
with industry standards, together with assembly for extensive
characterization and testing of the produced prototypes.

The developed process and facilities can subsequently be used
for pilot fabrication or transferred to a high-volume
manufacturer.

b ear simulator

Benefits of MEMS Acoustics

e High miniaturization yielding smallest sizes

e Excellent integrability to microelectronics

* Highest energy efficiency

¢ High-volume, low-cost manufacturability using silicon
technology

Our Service

e Expertise and IP in the field of micro actuators and MEMS
acoustics

e Full development chain for MEMS devices and systems:
concept, design, simulation, fabrication, assembly,
characterization and testing

e Pilot fabrication of MEMS

e Partnership for future developments in the field of MEMS
acoustics and micro actuators

Author: Fabian Stoppel

speaker enclosure with MEMS

Figure 4: FEM simulation of a
MEMS in-ear speaker coupled to

an ear simulator
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TECHNOLOGY

Fraunhofer ISIT is running a 200 mm Silicon technology line
(2500 m?) for front-end processes (MOS and PowerMQS).
Specific processes for MEMS and NEMS as well as for
packaging are implemented in a special and newly built
cleanroom (1000 m?). This includes wet etching, dry etching,
DRIE, deposition of non-IC-compatible materials, lithography
with thick-resist layers, electroplating, microshaping, and
wafer bonding. Further cleanroom laboratories are set up
for chemical-mechanical polishing (CMP) and post-CMP
processing.

Extra laboratories covering an area of 1500 m? are dedicated
to electrical and mechanical characterization of devices,
assembly and interconnection technology, and reliability
testing. Fraunhofer ISIT also operates a pilot production line
for Li-polymer batteries. The institute’s facilities have been
certified to ISO 9001:2015.

Technology-Platforms

ISIT has a wide portfolio of qualified single process
technologies available, which were combined to five specific
technology process platforms. They form a kind of tool box to
realize various applications.

In addition, Fraunhofer ISIT has further technology offers, e.g.
for the development of lithium batteries.
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Poly Silicon MEMS Technology Platform (PSM-X2)

The technology platform PSM-X2 features a low stress

10-30 pm thick polysilicon layer for the realization of
mechanical active and passive MEMS structures. The use of high
resolution lithography allows minimal structure dimension down
to 0.5um. An additional electrode layer beneath the active
polysilicon layer is implemented. This gives the opportunity for
out-of-plane signal detection or sensor stimulation. Additive
functional layers enhance reliability and robustness of the
MEMS devices (anti stiction, high-g shock). For the wafer scale
bonding of the sensor device and the protective encapsulation
a dedicated multi pressure wafer level packaging process is ap-
plied using e.g. a gold silicon eutectic process at about 400°C.
The metallic bond frame induces a hermetic encapsulation of
the cavity and the pressure applied during the bond process will
persist. Integrated getter films allow cavity pressure levels down
to 10 bar and a pressure ratio within adjacent cavities of up to
1:400. The application range of PSM-X2 platform includes e.g.
inertial sensors, micro mirrors or electro-optic deflection devices.
Recently, Fraunhofer ISIT has developed an innovative

process technology for the manufacturing of sophisticated
MEMS scanners (2€ Process), called “Dual-Layer EpiPolySilicon
Process”. Following the success of the well established surface
micromachining technology PSM-X2 for inertial sensors,

the 2e process is based on structuring two 30 microns thick
epitactically grown polysilicon layers. This allows the realization
of staggered finger combdrives for mirror actuation and
detection and the design of suspension.



p/

: 4

&)

— . w‘ '-h";.l

Glass Micromachining

The Fraunhofer ISIT developed a process based on hot
temperature viscous glass micromachining. It is mainly used
for the production of micro-lenses and glass packages with
inclined window surfaces. Using this process, it is possible to
structure glass wafers with high aspect ratios on wafer level.
A structured silicon wafer is chosen as so-called primitive form,
so glasses must be used whose softening temperature is

well below that of silicon. This has the advantage that the
standardized methods to structured silicon wafers of a clean
room can be used. The etched structures or cavities
correspond later the molded areas in the glass. The structured
silicon wafer is then anodically bonded to a glass wafer.

In this case, a defined pressure within the cavities is enclosed.
When a relative vacuum is enclosed the cavities and the heat
treatment takes place under atmospheric pressure, the glass
is pressed into the cavities. If an atmospheric pressure is
enclosed and the heat treatment takes place under vacuum
then the glass is forced out of the cavities. Depending on

the application, the glass may now be further processed by
grinding and polishing.

Working in the cleanroom

s s
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Piezo MEMS Technology Platform

The Fraunhofer ISIT has been working for more than 10 years
on the deposition of thin films of the piezoelectric materials
aluminum nitride (AIN) and lead zirconium titanate (PZT).
Currently, sputtering processes with film thicknesses of up to
4 um for AIN and up to 3 pm for PZT are available. The integ-
ration into MEMS structures is typically realized via unimorphs
consisting of a piezoelectric layer embedded between two
metal electrodes on top of a passive support layer made from
mono- or polycrystalline silicon. PZT is mainly used for actuator
applications, as its high piezoelectric coefficients enable par-
ticularly large deflections and high forces with only low drive
voltages. The PZT actuators are integrated for their utilization
in MEMS scanners and loudspeakers. For sensory applications,
AIN is preferred due to its considerably better signal-to-noise
ratio. At ISIT it is currently used in ultrasonic transducers,
MEMS microphones and vibrational energy harvesters. In
addition to these established materials scandium-doped AIN
(AIScN) is being developed in cooperation with the Christian-
Albrecht University of Kiel. Despite the higher piezoelectric
coefficients compared to pure AIN, this material retains the ad-
vantageous properties (high dielectric strength, IC-compatible,
low dielectric losses) of the AIN and is therefore suitable for
both sensor and actuator MEMS components. In the long
term, it is intended to completely replace the lead-containing
PZT. Among other things, a highly sensitive magnetoelectric
sensor and MEMS scanners based on AIScN films of higher
piezoelectric performance are currently being developed.
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innovative bowder technology

Powder MEMS Technology Platform

At Fraunhofer ISIT a novel technology has been developed
which allows the integration of nearly any material onto
planar substrates. It is based on the agglomeration of micron-
sized powder (particles) by atomic layer deposition (ALD). Like
for the fabrication of ceramics, firstly a mold, in this particular
case a silicon substrate with dry etched micromold pattern,

is filled with loose powder. However instead of sintering the
particles together with high pressure at 800°C to 1400°C, the
silicon substrate is subjected to an ALD process at much lower
temperatures. Thanks to the outstanding coating capability of
ALD the loose particles in the micromolds are fixated to porous
3D structures over the whole mold depth (up to 700 ym)

by a layer with a thickness of only 75 nm. These porous 3D
structures are shrinkage-free and stable mechanically as well
as thermally. Lateral dimensions between 50 pm and several
mm can be realized with high precision. The nearly perfect
envelopment of each particle by the ALD layer ensures an ex-
cellent protection against environmental influences. Substrates
with embedded porous 3D structures can be post-processed
in a cleanroom using standard processes of IC and MEMS
fabrication at up to 400 °C. That opens up a unigue range

of applications. One of the evaluated ones is the fabrication
of integrated permanent micromagnets from NdFeB powder.
Strong magnetic fields on small scale are of interest for many
MEMS sensors and actuators. The focus at ISIT is currently on
magnetically driven vibrational energy harvesters and micros-
canners. Other promising applications of the novel technology
are miniaturized organic-free phosphor converters for solid
state lighting (SSL) or the thermal isolation of calorimetric
MEMS, like mass flow and gas sensors, from the substrate

by evacuated porous 3D structures, which is comparable to
conventional super vacuum insulation.
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8” GaN wafer with test structures

GaN Technology

In addition to the research of new high voltage silicon devices
the ISIT is developing high voltage devices with gallium nitride
(GaN) substrates. This material is used to replace silicon
because of higher electric strength, higher switching speed
and higher possible working temperature. These benefits lead
to a higher efficiency.

While lateral HEMT devices can be purchased today, the
research objectives of the ISIT are vertical transistors on 8”
wafer. The substrates of these wafers are made of silicon, only
the top layers where the power device is placed in are epitaxial
grown GaN.

To achieve the goal, the equipment and know-how of the
newly built MEMS cleanroom will be used. Technology is and
has been adapted to meet the requirements of the new mate-
rial. Supplemental equipment to avoid silicon contamination of
GaN material (Si is a dopant for GaN) is going to be ordered in
the project “Forschungsfabrik Mikroelektronik Deutschland”
(FMD). That includes tools for e.g. dry etching, wafer cleaning
and annealing.
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Metal Surface Micromachining

Metal surface micromachining is an alternative way to build
up complete MEMS systems or a part of them. By using
mainly electroplating and lithography in combination with
PVD, PECVD and etching processes it is possible to fit the
requirements for a variety of applications. The low CMOS/ASIC
compatible temperature budget makes this process suitable
for the monolithical integration of a complete MEMS system.
Furthermore, a high flexibility in design and thickness is given.
Additional fields of application are electrodes for electrostatic
actuation/deflection, bondframes for waferlevel packaging,
metal wiring, bondpads, bumps and high-Q inductors

Pouch Cell Technology

Based on the lithium ion battery technology, Fraunhofer ISIT
provides a flexible manufacturing platform enabling technical
realization of accumulator development. The production of
cells can be divided in two main steps:

e Manufacturing of electrodes and separators

e Assembling of cells

The electrodes can be produced with laboratory equipment
up to pilot line level with a maximum speed of 2 m/min. In
this context the proprietary separator concept developed by
Fraunhofer ISIT is an integral part of the cell technology. It is
exactly matched to the assembling process (lamination) for the
production of cells.

By variation of materials in the lithium accumulator its perfor-
mance can be controlled within a wide range. In addition, the
pouch casing enables an adaption of the cell design in a wide
format range to predetermined dimensions. By continuous
introduction of new materials a considerable , electrochemical
system module” was generated over the years. It is adjusted
continuously to increasing requirements.



BUDGET

Income of Fraunhofer ISIT from

2013 up to 2018

The budget 2018 was financed by proceeds of projects of
industry/industrial federations/small and medium sized companies
amounting to 7.890,3 T€, of government/project sponsors/

federal states amounting to 4.383

,4 T€ and of others amounting

to0 5.113,2 T€. Furthermore there were FhG-projects and basic

funding with 7.429,4 T€.

Budget [T€]

2013 2014

2015 2016 2017 2018
B Basic funding ' Industry W Public B Others
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Staff Development

At the end of 2018 the staff consisted of 138 full time
employees. 65 were employed as scientific personnel,

54 as graduated/technical personnel and 19 worked within
organization and administration. The employees were assisted
through 20 scientific assistants and 3 apprentices.

Staff Development

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
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'RESEARCH FAB MICROELECTRONICS GER'MAi\‘i:
- ONE-STOP-SHOP FOR THE COMPLETE MIC

~AND NANOELECTRONICS VALUE CHAIN -

Fraunhofer ISIT is one of 13 members of the Research
Fab Microelectronics Germany (FMD) — Europe’s largest
cross-location R&D collaboration for microelectronics
and nanoelectronics, with over 2000 scientists.

Within this new type of cooperation, the
advantages of two strong and decentralized research
organizations — the Fraunhofer-Gesellschaft and the
Leibniz Association — are combined with the synergies
of a central organization to form the world’s most
capable provider of applied research, development,
and innovation within microelectronics and nanoelec-
tronics. The close intermeshing and the uniform public
face allow the FMD to serve not only customers from
heavy industry, but also to offer SMEs and startups
more comprehensive and simpler access to the next
generation of technology.

The German Federal Ministry of Education and
Research (BMBF) is funding the setup of the FMD to the
tune of 350 million euros, largely in the modernization
of the institutes’ research equipment. With this
funding, the BMBF intends to strengthen the innova-
tiveness of the German and European semiconductor
and electronics industry and is supporting the initiative
with the largest investment in research devices since
Germany was reunified.

A year and a half after the project started on
April 6, 2017, a lot of new acquisitions for the moder-
nization of the laboratory facilities at FMD’s locations
around Germany went into operation. The ceremonial
opening of the first integration line was on Septem-
ber 28, 2018, as part of the 1st FMD Innovation Day
at the Berlin-based Fraunhofer Institute for Reliability
and Microintegration 1ZM, which hosted the event on
behalf of all members.

At around the halfway point of the project,

45 percent of the planned investments for the FMD
have been successfully fulfilled.

The setup of the Research Fab Microelectronics
Germany is coordinated in a central business office in
Berlin, although - true to the concept of a virtual
organization — additional locations in Dresden and
Munich have also been opened. The FMD business
office is the central contact point for potential and
existing customers and is thus a significant driver
of the development of the business in the area of

-
-
-

microelectronics and nanoelectronics. In order to

be able to offer nationally coordinated technology
and system developments from a single provider, the
technological expertise of the institutes was grouped
into six overarching areas — the technology platforms
known as Microwave and Terahertz / Power Electronics
/ Extended CMOS / Optoelectronic Systems / Sensor
Systems / MEMS Actuators. Within these technology
platforms, the FMD offers the market technological
developments along the entire value creation chain,
from system design to testing and reliability.

In addition to these technologically oriented
offerings, the FMD also offers cross-institute application
solutions from a single provider. This offers customers
a way of realizing combined and optimized system
solutions together the FMD and its institutes. In doing
so, the Research Fab works in synergy with the business
units of all institutes involved. We, as the FMD, can
thus offer our customers a wider range of application
solutions.

In 2017, successful project involvements were set
up and orders were completed in combination with
the FMD. For 2018, projects based on the FMD invest-
ments with a volume of 41.1 million euros can already
be identified, which represents a significant success at
such an early stage. The industrial share of this project
volume is already at 30 percent, which highlights the
importance of this unique cooperation in German
microelectronics research to industry.

In 2019, the Research Fab Microelectronics Ger-
many will enter the next phase. After establishment
and structuring of the organization, the largest
cross-location R&D collaboration for microelectronics
and nanoelectronics in Europe, in partnership with its
institutes, will prove its mettle on the market.

Fraunhofer ISIT

is participant of the

y Forschungsfabrik
ﬁ Mikroelektronik

Deutschland
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THE FRAUNHOFER-GESELLSCHAFT

Research of practical utility lies at the heart of all activities
pursued by the Fraunhofer-Gesellschaft. Founded in 1949,
the research organization undertakes applied research
that drives economic development and serves the wider
benefit of society. Its services are solicited by customers and
contractual partners in industry, the service sector and public
administration.

At present, the Fraunhofer-Gesellschaft maintains
72 institutes and research units. The majority of the more
than 26,600 staff are qualified scientists and engineers, who
work with an annual research budget of 2.6 billion euros.
Of this sum, 2.2 billion euros is generated through contract
research. Around 70 percent of the Fraunhofer-Gesellschaft's
contract research revenue is derived from contracts with
industry and from publicly financed research projects.
Around 30 percent is contributed by the German federal and
state governments in the form of base funding, enabling
the institutes to work ahead on solutions to problems that
will not become acutely relevant to industry and society until
five or ten years from now.

International collaborations with excellent research
partners and innovative companies around the world
ensure direct access to regions of the greatest importance
to present and future scientific progress and economic
development.
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With its clearly defined mission of application-oriented
research and its focus on key technologies of relevance to the
future, the Fraunhofer-Gesellschaft plays a prominent role
in the German and European innovation process. Applied
research has a knock-on effect that extends beyond the direct
benefits perceived by the customer: Through their research
and development work, the Fraunhofer Institutes help to
reinforce the competitive strength of the economy in their
local region, and throughout Germany and Europe. They do
so by promoting innovation, strengthening the technological
base, improving the acceptance of new technologies, and
helping to train the urgently needed future generation of
scientists and engineers.

As an employer, the Fraunhofer-Gesellschaft offers its
staff the opportunity to develop the professional and personal
skills that will allow them to take up positions of responsibility
within their institute, at universities, in industry and in society.
Students who choose to work on projects at the Fraunhofer
Institutes have excellent prospects of starting and developing
a career in industry by virtue of the practical training and
experience they have acquired.

The Fraunhofer-Gesellschaft is a recognized non-profit
organization that takes its name from Joseph von Fraunhofer
(1787-1826), the illustrious Munich researcher, inventor and
entrepreneur.
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IMPORTANT NAMES, DATA, EVENTS




Cooperation
with Institutes
and Universities

Technische Universitat
Carolo-Wilhelmina zu
Braunschweig, Braunschweig

Technische Universitat
Dresden

Albert-Ludwigs-Universitat,
Freiburg

Universitat Graz, Austria

Hochschule fiir Angewandte
Wissenschaften, Hamburg

Fachhochschule Westkiiste,
Heide

Hochschule Kaiserslautern

Karlsruhe Institute of Tech-
nology - KIT, Karlsruhe

Christian-Albrechts-Universi-
tat, Technische Fakultat, Kiel

Fachhochschule Kiel
Fachhochschule Liibeck
Westfalische Wilhelms-
Universitat — Miinster
Electrochemical Energy
Technology, Minster
Universitat Siegen

DLR, Stuttgart
Helmholtz Institute Ulm

(HIU) - Electrochemical
Energy Storage, Ulm
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Lecturing
Assignments at

Universities

W. Benecke B. Wagner

Lehrstuhl Technologie Lehrstuhl Prozesse und

Silizium-basierter Mikro- und Materialien der

Nanosysteme, Nanosystemtechnik,

Technische Fakultat, Micro- and Nanosystem

Christian-Albrechts-Universitdt  Technology, Technische

zu Kiel Fakultat, Christian-Albrechts-
Universitat zu Kiel

R. Dudde

Mikrotechnologien (8168),
Fachbereich Technik,
FH Westkliste, Heide

F. Haase

Professor flr Leistungs-
elektronik und Grundlagen der
Elektrotechnik,

Department Informations- und
Elektrotechnik, HAW Hamburg

H. Kapels

Professur
Halbleiterbauelemente der
Leistungselektronik,
Technische Fakultat,
Christian-Albrechts-Universitat
zu Kiel

G. Pangalos

Advanced Control Systems:
Simulation and Optimization
Tools,

Lehrauftrag an der HAW
Hamburg

0. Schwarzelbach

Mikrosystementwurf,
Fachbereich Technik,
FH WestkUste, Heide

0. Schwarzelbach
Mikroelektromechanische
Systeme (MEMS),

Institut fur elektrische Mess-
technik und Mess-Signalverar-
beitung, Technische Universtitit
Graz, Austria



Distinctions

Katja Reiter, Sebastian Puls
Buehler-Preis 2018,

Best Paper Awards

Third Place for Article
“Metallographische Unter-
suchung von Brandschaden in
der Elektronik”,

September 20, 2018,

Leoben, Austria

Carlos Cateriano Yaiez
Second Place for

Best Poster at Dies Academicus
2018 for

"Power Quality Compen-
sation for Smart Grids by
Model Predictive Control”,
October 23, 2018,

HAW Hamburg, Hamburg
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Memberships in
Coordination Boards and
Committees

W. Benecke

Member of Programming

Committees of:

- |[EDM (International Electron
Devices Meeting)

- EUROSENSORS

- ESSDERC (European Solid-
State Device Conference)

- ESSCIRC (European Solid-
State Circuits Conference)

- MST Kongress

W. Benecke

Member of Editorial Boards

- ‘Sensors & Actuators’

- Microsystem Technologies (MST)

L. Bertels

Member of Deutsche
Gesellschaft fur Qualitat —
DGQ kooperative Firmen-
mitgliedschaft

L. Bertels
Member of DGQ-Qualitats-
leiterkreis Hamburg

L. Bertels

Member of DGQ-Regionalkreis
Hamburg and Schleswig-
Holstein

L. Bertels

Member of Network
.Qualitdtsmanagement” of the
Fraunhofer Gesellschaft

R. Dudde
Member of IVAM e.V. — Fach-
verband flr Mikrotechnik

J. Eichholz

Member of GMM/GI-Fach-
ausschuss EM ,, Entwurf von
Mikrosystemen”, VDE/ VDI-Ge-
sellschaft fir Mikroelektronik,
Mikro- und Feinwerktechnik

J. Hagge

Member of GFKORR Arbeitskreis
 Korrosionsschutz in der Elekt-
ronik und Mikrosystemtechnik”

U. Hofmann

Member of Programm
Committee ,, MOEMS and Minia-
turized Systems Conference”,
OPTO, Photonics West,

San Francisco

H. Kapels
Member of Erneuerbare
Energien Hamburg e.V. — EEHH

T. Knieling
Member of Organic and Printed
Electronics North (OPEN)

M. Kontek
Member of AG 2.4 Draht-
bonden, DVS

M. Kontek

Member of

AG 2.7 Kleben in der Elektronik
und Feinwerktechnik, DVS

J. Ldhn
Member of Hamburger Lotzirkel

R. Moértel
Member of Bundesverband
Energiespeicher (BVES)

R. Mortel
Member of Fraunhofer-Allianz
Energie

R. Mortel
Member of Fraunhofer-Allianz
Batterien

R. Mortel
Member of Subsea of the
Fraunhofer Gesellschaft

A. Miiller-Groeling
Member of NiNa Norddeutsche
Initiative Nanotechnologie e.V.

M. H. Poech

Member of Arbeitskreis

. Systemzuverlassigkeit

von Aufbau- und Verbindungs-
technologie”

des Fraunhofer IZM

W. Reinert
Member of Arbeitskreis A2.6,
“Waferbonden”, DVS

W. Reinert

Member of DVS-Fachausschuss
FA10 “Mikroverbindungs-
technik”

W. Reinert

Member of Technical
Committee of Electronics
Packaging Technology
Conference
(EPTC)-Singapore

W. Reinert
Member of GMM Workshop
Packaging von Mikrosystemen

W. Reinert
Member of Wafer Bond
Technologie Konferenz

W. Reinert
Member of ZVEI Arbeitskreis
Packaging

W. Reinert

Meber of IEC:TC 119 ,,Printed
Electronics”/ DKE/ GUK 682.1
. Gedruckte Elektronik”

K. Reiter
Member of DGM, Arbeitskreis
Probenpraparation



K. Reiter
Member of Metallographie Nord

K. Reiter
Member of ,, Preparation-Board”
Praktische Metallographie

H. Schimanski

Member of VDE/VDI
Arbeitskreis , Praftechniken in
der Elektronikproduktion”

H. Schimanski

Member of ZVEI Fachverband
Arbeitsgruppe , Zuverlassigkeit
von Leiterplatten”

H. Schimanski
Member of Hamburger Lotzirkel

H. Schimanski
Member of FED Arbeitskreis
,Baugruppe”

H. Schimanski
Member of
FED Regionalgruppe Hamburg

H. Schimanski

Member of DVS Fachausschuss
FA10 , Mikroverbindungs-
technik”

H. Schimanski

Member of GFKORR Arbeits-
kreis , Korrosionsschutz in der
Elektronik und Mikrosystem-
technik”

H. Schimanski
Member of IMAPS Deutschland

H. Schimanski

Member of ZVEI Ad-hoc
Arbeitskreis ,Repair und
Rework von elektronischen
Baugruppen”

S. Schroder
Member of Arbeitskreis 2.4
Drahtbonden, DVS

S. Schroder
Member of IMAPS Deutschland

V. Stenchly

Senior Advisor GMM
VDE/VDI- Gesellschaft fur
Mikroelektronik, Mikro- und
Feinwerktechnik

B. Wagner

Member of GMM-Fach-
ausschuss 4.1, Grundsatz-
fragen der Mikrosystemtechnik
und Nanotechnologie”,

VDE/ VDI-Gesellschaft fur
Mikroelektronik, Mikro- und
Feinwerktechnik

B. Wagner

Member of AMA Verband
fr Sensorik und Messtechnik
e.V.

A. Wiirsig
Member of Allianz Batterien
of the Fraunhofer-Gesellschaft

A. Wiirsig
Member of Allianz Energie of
the Fraunhofer-Gesellschaft

A. Wiirsig
Member of Bundesverband
Energiespeicher (BVES)

A. Wiirsig

Member of Kompetenznetz-
werk Lithium-lonen-Batterien
(KLiB)

A. Wiirsig
Member of Subsea of the
Fraunhofer-Gesellschaft

G. Zwicker

Head of Fachgruppe Planarisie-
rung/ Fachausschuss Verfahren/
Fachbereich Halbleitertech-
nologie und -fertigung der
GMM des VDENDI

G. Zwicker

Member of International
Executive Committee of
International Conference on
Planarization/CMP Technology
(ICPT)
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Trade Fairs and Exhibitions

Nortech 2018
January 23-26, 2018,
Hamburg

SPIE 2018

Photonics West Exhibition,
January 30— February 01, 2018,
San Francisco, USA

Battery Japan 2018
International Rechargeable
Battery Expo,

February 28— March 02, 2018,
Japan

Battery & Storage 2018
March 13-15, 2018,
Dusseldorf

Energy Storage Europe 2018
March 14-16, 2018,
Dusseldorf

DAGA 2018

Deutsche Jahrestagung
der Akustik,

March 19-22, Munich

Hannover Messe 2018
Leading Trade Show for
Integrated Energy Systems for
Industry, Heating and Mobility,
April 23-27, 2018,

Hannover

Nordjob Unterelbe
Westkiiste 2018

Fair for Education and Study,
May 29-30, 2018,

Brokdorf

PCIM 2018

International Exhibition &
Conference, Power Conversion
Intelligent Motion,

June 04-08, 2018,

Nuremberg
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SMT/Hybrid/Packaging 2018
Hybrid Packaging System
Integration in Micro Electronics,
June 05-07, 2018,

Nuremberg

ees Europe 2018

Trade Fair for Electrical Energy
Storage,

June 20-22, 2018, Munich

CIOE Shenzhen
International Optoelectronic
Expo,

September 05-08, 2018,
Shenzhen, China

microtec nord 2018
September 13, 2018, Heide

Azublz 2018
Regional Recruiting Fair,
September 21, 2018, Itzehoe

WindEnergy 2018

The Global On & Offshore
Expo,

September 25-28, 2018,
Hamburg

FMD Innovation Day 2018
Exhibition of the Forschungs-
fabrik Mikroelektronik
Deutschland,

September 27-28, 2018,
Fraunhofer IZM, Berlin

Electronica 2018

World’s Leading Trade Fair and
Conference for Electronics,
November 12-16, 2018,
Munich



Miscellaneous Events

International Workshop on
Piezoelectric MEMS

January 15-16, 2018, Orlando,
USA

International Conference
on Micro Electro Mechanical
Systems (MEMS 2018)
January 21-25, 2018, Belfast,
Northern Ireland

ISIT Presentation in Frame-
work of ,,Macht mit bei
MINT-Zukunftsberufe fiir
Frauen”

Information Day for Schoolgirls,
initiated by Volkshochschulen
Kreis Steinburg,

February 20, 2018,

Fraunhofer ISIT, ltzehoe

EMC in Industrial Electronics
Danfoss Silicon Power,
February 27, 2018, Flensburg

Fachtagung Energieauto-
nome Sensorsysteme
February 28-March 1, 2018,
Dresden

3rd On-Site Lithium-lon Cell
Production Technology

CCl Seminar,

April 4-5, 2018,

Fraunhofer ISIT, Itzehoe

ISIT-Lotpasten-
applikationstage
Technology Event

April 18-19, 2018,
Fraunhofer ISIT, Itzehoe

European Embedded Control
Institute (EECI), Inter-
national Graduate School

on Control (IGSC)

Model Predictive Control,

April 23-27, 2018,

Paris, France

Science Reception of

the State Government

of Schleswig Holstein
Speakers: Daniel Glnther,
Prime Minister,

Prof. Isabelle Peters, Central
Library of Economics and
Dr. Axel Mlller-Groeling,
May 31, 2018,

Fraunhofer ISIT, Itzehoe

Internal Workshop
Netzwerk Leistungs-
elektronik Schleswig
Holstein , Akteure stellen
ihre Unternehmen vor”
June 01, 2018, ltzehoe

ECPE-Schulung ,,Model
Predictive Control for
Power Electronics,

Drives, and

Power Grid Applications”
June 02-03, 2018, Frankfurt

European Control
Conference 2018 (ECC18)
June 12-15, 2018,
Limassol, Zypern

ISIT Presentation for the
CDU Parliamentary Group
in Schleswig-Holstein
Speakers:

Dr. Axel Miller-Groeling and
Dr. Andreas Wrsig,

July 11, 2019,

Fraunhofer ISIT, ltzehoe

8th International
Conference on Simulation
and Modeling

(Simultech 2018)

July 29-31, 2018,

Porto, Portugal

ECPE-Schulung ,,Passives in
Power Electronics”
September 10-11, 2018,
DTU Kopenhagen, Danemark

DVN Conference: Lidar
Synergies With Lighting
September 19-20, 2018,
Frankfurt-Sulzbach

NEIS 2018

September 20-21, 2018,
Helmut-Schmidt-Universitat
(HSU), Hamburg

Statusseminar Batterie 2020
- Project Presentation
HiPoLiT und Mag$S

October 10-11, 2018, Koln

AES Convention
October 17-20, New York, USA

4th On-Site Lithium-lon Cell
Production Technology

CClI Seminar,

October 23-24, 2018,
Fraunhofer ISIT, Itzehoe

2 nd Workshop Netzwerk
Leistungselektronik Schles-
wig-Holstein ,DC-Netz-
Versorgung, Applikationen
und Sicherheitsaspekte der
Zukunft”

October 26, 2018, NeumUnster

NEW 4.0 Workshop ,,Strom-
netze unter Spannung”
November 20, 2018,

Hotel Kieler Yacht Club, Kiel

MRS Fall Meeting 2018
November 25-30, 2018,
Boston, USA

Forum Elektromobilitat
Schleswig-Holstein
December 03, 2018,
Sparkassenarena, Kiel

Science Match -
Future Energies
December 04, 2018,
Sparkassenarena, Kiel

NEW 4.0 Transferworkshop
December 05, 2018,
Hamburg

Project Presentation at
InnoTruck, a Road Show
Exhibition of the Federal
Government in the Frame of
the Project ,HiPoLiT-Schnell-
ladefdhige Lithium-Energie-
speicher mit verbesserter
Energiedichte fiir den
Einsatz in modularen
Unterstiitzungs- und
Antriebskonzepten”

2018
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Patents

Supplement 2017

W. Reinert, H.J. Quenzer
Housing for an Infrared Radia-
tion Micro Device and Method
for Fabricating Such Housing
KR 10-1805895

2018

W. Reinert, J. Quenzer,

K. Gruber, S. Warnat

Method for Forming a
Micro-Surface Structure and for
Producing a Micro-Electrome-
chanical Component

US 9,637,377 B2

T. Lisec, E. Nebling,

S. Kubick, S. Rupp

Verfahren zur Herstellung eines
Bauelements auf Basis eines
strukturierbaren Substrats

mit dreidimensionaler, Poren
im nm-Bereich aufweisender
Membranstruktur

DE 102015101425 B4

H. J. Quenzer, U. Hofmann,
V. Stenchly

Method for Producing Struc-
tured Optical Components
US 9,910,273 B2

S. Gu-Stoppel, H.J. Quenzer,
U. Hofmann

Vorrichtung mit einem
schwingfahig aufgehdngten
optischen Element und Verfah-
ren zum Auslenken desselben
DE 102013206788 B4

U. Hofmann
Micromechanical Resonator
Arrangement

JP 6289067
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U. Hofmann, F. Senger,
T. v. Wantoch,

C. Mallas,

J. Janes, M. WeiB3
Verfahren zum Ansteuern
einer Ablenkeinrichtung
flr eine Projektionsvorrichtung,
Ablenkeinrichtung fur eine
Projektionsvorrichtung und
Projektionsvorrichtung

CN ZL201510646796.2

U. Hofmann

Microactuator Arrangement
for Deflecting Electromagnetic
Radiation

US 9,910,267 B2

CN ZL201510646796.2

Z. Yu, K.F. Hoffmann,

H. Kapels

DC-DC Converter with
Inductor Current Direction
Reversed Each Switching
Period

US 9,923,466 B2

S. Gu-Stoppel,

H.J. Quenzer,

J. Janes

Vorrichtung mit einem
schwingfahig aufgehangten
optischen Element

DE 102013209234 B4

S. Gu-Stoppel, D. Kaden,
C. Eisermann

Vorrichtung mit einer Feder
und einem daran aufge-
hangten optischen Element
CN ZL2014102346714

US 10,095,023 B2

W. Reinert, P. Merz

In der Mikrosystemtechnik
einsetzbares Bauelement sowie
Lotverfahren zum Verbinden
entsprechender Wafer- bzw.
Bauelement-Teile

EP 1945563 B1

U. Hofmann, M. Weiss,
J. Janes, F. Senger
Radiation Imaging Sensor
US 10,041,837 B2

N. Marenco, H.-J. Quenzer
Verfahren zum Strukturieren
eines aus glasartigem
Material bestehenden
Flachensubstrats sowie opti-
sches Bauelement

EP 2742009 B1

T. Lisec, M. Knez
Verfahren zum Erzeugen
einer dreidimensionalen
Struktur sowie dreidimen-
sionale Struktur

EP 2670880 B1

J. Janes
Projektionsvorrichtung

und Verfahren zum Abtasten
eines Raumwinkelbereichs
mit einem Laserstrahl

DE 102017200691 B4

Z. Yu, H. Kapels,

K. Hoffmann
Stromrichterschaltung und
Verfahren zur Steuerung
derselben

DE 102016125796 B3

N. Laske, H.J. Quenzer,

V. Stenchly, A. Kulkarni,
A.-V. Schulz-Walsemann
Verfahren zur Herstellung von
plankonvexen Linsenelemen-
ten und zur Herstellung eines
gehdusten Bauelements auf
Waferebene

DE 102017213065 B3

W. Reinert, H.J. Quenzer
Method of Producing a Cap
Substrate, and Packaged
Radiation-Emitting Device
US 9,912,115 B2

S. Gu-Stoppel, H.-J. Quenzer,
J. Janes, F. Heinrich
Piezoelectric Position Sensor
for Piezoelectrically Driven
Resonant Micromirrors

Us 10,101,222 B2



Doctoral
Theses

Tim Hinrich Reimer
Neuartige pordse Strukturen
flr MEMS: Erzeugung per
Pulveragglomeration mittels
ALD

Christian-Albrecht-
Universitat zu Kiel,

2018

Diploma, Master’s and
Bachelor’s Theses

Ali Aneissi

Development of a Testbench
for the Control of a Low-
Voltage E-Machine using Rapid
Prototyping

Master’s thesis,

HAW Hamburg, 2018

Lars Boie

Optimierung und Analyse von
Silbersinterprozessen und deren
Fehlermechanismen

Bachelor’s thesis,
Fachhochschule WestklUste,
January 2018

Julian Franz

Development of a Concept for
Supplying System Inertia by
Battery Energy

Master’s thesis,

HAW Hamburg, 2018

Linda Marlen Gosau
Druckbare Batterien — Stand
der Technik, Applikationen und
Perspektiven

Bachelor’s thesis,
Fachhochschule Westkdiste,
February 2018

Pascal Jeworek

Entwicklung einer 2,45 GHz
Antenne zur Integration in
eine Leichtbau-Komponente
aus Uberwiegend Carbonfaser-
Verbundwerkstoff

Master’s thesis,
Fachhochschule Westkdiste,
January 2018

Sripathi Raja Jeyakumar
Screen Printing of Capactive
Sensors for Gait Analysis
Master’s thesis, Technische
Universitdt Chemnitz,
April 2018

Felix Manthey
State-Feedback Control of a
Soft Switching Solar Inverter
with Resistive Load Including
MPPT

Master’s thesis,

HAW Hamburg, 2018

Marcel Metschulat
Entwicklung und Einsatz eines
Steuerungsalgorithmus far
einen Balancer eines
14-Zellen-Li-lon-Akkumulators
Bachelor’s thesis,
Fachhochschule Westkdiste,
January 2018

Michel Petersen
Experimentelle Untersuchungen
und Prozessentwicklung zur
Direktmontage von Silizium-
chips auf Stahl durch Weich-
|6ten und Demonstration an
einer Wagezelle

Bachelor’s thesis,
Fachhochschule Libeck,
January 2018

Soren Queck

Erweiterung eines Lastwechsel-
messstandes flir das Testen von
SiIC-MOSFETs

Bachelor’s thesis,
Fachhochschule Westkdiste,
January 2018

Jose Pablo de los Reyes
Helices

VHDL Design & Implementation
of High-Speed Laser Control
for RGB Projection Device
Master’s thesis, CAU zu Kiel,
November 2018

J6rg Richter

Model Predictive Controller
Tuning in Electrical Distribution
Grids by Multiobjective
Optimization

Master’s thesis,

HAW Hamburg, 2018

Lena Schartow

Entwicklung eines Kalman-
Filters zur Echtzeitanalyse des
.runden Tritts” im Radsport,
insbesondere bei StraBenfahr-
ten mit Rennradern
Bachelor’s thesis,
Hochschule Koblenz,
March 2018

Anton Ulrich Stonjek
Ohmsche Kontakte auf p- und
n-dotiertem Galliumnitrid fr
vertikale Bauelemente
Master’s thesis, Technische
Universitdt Braunschweig,
Institut flr Halbleitertechnik,
May 2018

Kathrin Weihe

Amplitude Control of a State
Signal Shaping Model Predicti-
ve Controller for Power Quality
Compensation in Distribution
Grids

Master’s thesis,

HAW Hamburg, 2018

Marc-Kevin Wilde

Analyse von Komponentenzer-
tifikaten durch Modellbildung
eines EZA-Reglers und Integra-
tion in den Anlagenzertifizie-
rungsprozess

Bachelor’s thesis,

CAU zu Kiel, May 2018

Henri Zeller

Market Possibilities and Regu-
latory Obstacles for Frequency-
Stabilization Measures in the
Power Grid

Master’s thesis,

HAW Hamburg, 2018

79



80



Journal Papers, Publications and
Contributions to Conferences

H. Hanssen, D. Friedrich,
W. Benecke

Technology and Electrical
Characterization of MemFlash
Cells for Neuromorphic
Applications.

Journal of. Physics. D: Applied
Physics. 51 (2018) 324003

A. Kulkarni, P. Malaurie,

V. Stenchly, H. J. Quenzer,

N. Laske, R. Dudde

Silicon Lens Arrays for Wafer
Level Packaging of IR-Sensors.
TechConnect Briefs 2018,
Informatics, Electronics and
Microsystems, p.p. 147-150,
2018, ISBN: 978-0-9988782-1-8

F. Manthey, A. Gorodnicheyv,
E. Langnes, G. Pangalos,

F. Haase

Model-Based Control of an
Inverter for Wide Range
Soft-Switching Operation.
PCIM 2018, 2018, Nuremberg

A. Méannchen, F. Stoppel,

D. Beer, F. Niekiel, J. Nowak,
B. Wagner
Zwei-Wege-Lautsprecher basie-
rend auf MEMS-Technologie.
44. Deutsche Jahrestagung der
Akustik, DAGA 2018, March
19-22, 2018, Munich

A. Mannchen, F. Stoppel,

D. Beer, F. Niekiel, B. Wagner
In-Ear Headphone System with
Piezoelectric MEMS Driver.
Audio Engineering Society,
Convention e-Brief 469,
October 07, 2018

J. Ophey?, S. Reuber®,

J. Seeba®, C. Heubners,

N. Junker<

aFraunhofer ISIT,

5Fraunhofer IKTS, <Technische
Universitat Dresden.
Umweltfreundliche Hoch-
Energie-NCM 622-Kathoden
mit optimierter Speicherkapa-
zitat. ProZell Industrietag 2018,
September 10, 2018,
Braunschweig

M. Pasler

Highly Integrated Traction
Inverter for a Modular Drive
Concept.

PCIM Paper, 2018, Nuremberg

M. Pasler, J. Hinz,

H.-J. Schliwinski,

U. Schiimann, J. Schnack,

R. Eisele, D. Hilper,

C. Mertens, P. Heumann,

M. Kamprath, A. Zastrow,
H. Beer, F. Osterwald, T. Ebel,
S. Briickner, H. Wolff,

H. Reese, S. Schikowski
Highly Integrated Traction
Inverter for a Modular Drive
Concept. PCIM Europe 2018,
June 05-07, 2018, Nuremberg

H. Schimanski
Elektrochemische Migration
auf elektronischen Baugruppen
durch kombinierte Lotprozesse.
DVS-Berichte Band 340,

S. 350-356, 2018

H. Schimanski, J. Hagge
Risikopotenziale mit der richti-
gen Flussmittel- und Lotpasten-
kombination minimieren.
All-Electronics.de — Entwick-
lung, Fertigung, Automatisie-
rung, April 18, 2018

H. Schimanski, J. Hagge
Elektrochemische Migration

in Nacharbeits- und Reparatur-
|6tprozessen. All-Electronics.
de — Entwicklung, Fertigung,
Automatisierung,

April 18,2018 and Productronic,
May, 2018

H. Schimanski
Nutzentrennung - Fluch und
Segen zugleich? All-Electronics.
de — Entwicklung, Fertigung,
Automatisierung, infoDIREKT
322 pr 118 and Productronic,
November, 2018

S. Schréder, H. Schimanski
Lotmaterialien auf dem
Prifstand. All-Electronics.de —
Entwicklung, Fertigung,
Automatisierung,

April 19, 2018

S. Schroder, H. Schimanski
Mit mikro- und niedrig
Ag-legierten Loten die
Lotsicherheit erhohen.
All-Electronics.de — Entwick-
lung, Fertigung, Automa-
tisierung, April 19, 2018 and
Productronic, April, 2018

F. Stoppel, A. Mannchen,

F. Niekiel, D. Beer, T. Giese,
B. Wagner

New Integrated Full-Range
MEMS Speaker for In-Ear
Applications.

2018 IEEE Micro Electro
Mechanical Systems (MEMS),
pp. 1068-1071, 2018 and
Proc. MEMS 2018 — The 31st
IEEE International Conference
on Micro Electro Mechanical
Systems, January 21-25, 2018,
Belfast, Northern Ireland, UK

F. Stoppel, A. Mannchen,

F. Niekiel, D. Beer, B. Wagner
Leistungsfahiger integrierter
MEMS-In-Ear-Lautsprecher mit
piezoelektrischem Antrieb.

44. Deutsche Jahrestagung der
Akustik, DAGA 2018, March
19-22, 2018, Munich

N. Wagner, J. Hacker,

B. Sievert, R. Richter,

T. Danner, M. Fichtner,

Z. Zhao-Karger, M. Hahn,
H.-G. Bremes, C. Wolter,

F. Kampmann

Development of Magnesium-
Sulfur Batteries: From Funda-
mental Research to Application.
Conference Paper, 2nd Inter-
national Symposium on
Magnesium Batteries,
September, 2018, Ulm

K. Weihe, C. C. Yaiiez,

G. Pangalos, G. Lichtenberg
(HAW)

Comparison of Linear State
Signal Shaping Model
Predictive Control with Classical
Concepts for Active Power
Filter Design. Simultech 2018,
Porto, Portugal

C. C. Yaiez, G. Pangalos,

G. Lichtenberg (HAW)

An Approach to Linear State
Signal Shaping by Quadratic
Model Predictive Control.
ECC18, Konferenz in Limassol,
Zypern
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Talks and Poster Presentations

L. Blohm, J. Eichholz,

T. Knieling, T. Lisec,

F. Lohfink

MEMS Energy-Harvester mit
magnetischem Antrieb fir
autarke Sensoranwendungen
in Prazisionswerkzeugen.

9. GMM Fachtagung Ener-
gieautonome Sensorsysteme,
February 28 - March 01, 2018,
Dresden

H.-G. Bremes

Magnesium Sulfur Batteries
- The Holy Grail of Energy
Density?

Battery Experts Forum 2018,
March 01, 2018,
Aschatffenburg

R. Dudde

Silicon Lens Arrays for Wafer
Level Packaging of IR-Sensors.
Nanotech 2018, May 14-16,
2018, Anaheim, CA

S. Fichtner

A Novel CMOS Compatible
lI-V Semiconductor Based
Ferroelectric with Intriguing
Properties.

6th International Workshop on
Piezoelectric MEMS,

January 15-16, 2018,
Orlando, USA

J. Franz, H. Zeller

Frequency Stability in Power
Systems with High Penetration
of Renewable Energy.

NEW Transferworkshop,
December 05, 2018, Hamburg

A. MeiBner

Frequenzstabilitat im elektri-
schen Energieversorgungsnetz.
FutureEnergies,

December 04, 2018,
Sparkassenarena, Kiel
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R. Mortel, J. Ophey
HiPoLiT-Schnelladefahige
Batteriezellen durch innovative
Materialien.
Materialinnovationen 2018,
June 04 - 06, 2018, Miinchen

E. Nebling, L. Blohm,

J. Albers, G. Piechotta
Biochips for the Qualitative
Analysis of Cells — Chances and
Challenges.

9th Industrial Cell Technology
Symposium,

September 06-07, 2018,
Fraunhofer-EMB, Libeck

F. Niekiel

MEMS Microspeaker made
from Piezoelectric Bending
Actuators.

6th International Workshop on
Piezoelectric MEMS,

January 15-16, 2018,
Orlando, USA

F. Niekiel

A Tunable Piezoelectric MEMS
Sensor for the Detection of
Weak Magnetic Signals.

2018 MRS Fall Meeting, No-
vember 25-30, 2018,

Boston, USA

J. Ophey

Current Research Topics of
Rechargeable Batteries.
Battery event, October 24,
2018, SDU Sonderburg

J. Ophey

Innovativer Trockenbeschich-
tungsprozess von Elektroden
flr Lithium-lonen-Batterien.
Future Energies 2018,
December 04, 2018, Kiel

J. Ophey, A. Wiirsig

High Load NCM-622 Cathodes
Based on a Solvent-Free Coa-
ting Process.

Kraftwerk Batterie 2018,
Miinster and IBPC (Interna-
tional Battery Production
Conference),

November 14-16, 2018,
Braunschweig and IMLB 2018
19th International Meeting on
Lithium Batteries, June 17-22,
2018, Kyoto

M. Poech

Aufbau- und Verbindungstech-
nik (AVT) in der Leistungselek-
tronik.

Cluster Leistungselektronik,
March 14 — 15, 2018, Kassel

H. Schimanski
Anwendungsempfehlungen
fir den SMD Verarbeitungs-
prozess von 01005-Dioden
mit Unterseiten-Anschlissen
(Bottom Termination).
Hamburger Lotzirkel & FED-
Regionalgruppen Hamburg/
Hannover auf der Nortec,
January 23, 2018, Hamburg

H. Schimanski
Elektrochemische Migration
(ECM) auf elektronischen
Baugruppen durch kombinierte
Lotprozesse.

EBL 2018, 9. DVS/GMM-Fach-
tagung, February 20-21, 2018,
Fellbach

H. Schimanski

Korrosion und elektrochemi-
sche Migration auf elektroni-
schen Baugruppen.

smartTec Coating Day, February
28, 2018, Itzehoe

H. Schimanski

Unterfillung von Bauteilen mit
flachig verteilten Lotanschls-
sen.

smartTec Dispens Day, March
01, 2018, Itzehoe

H. Schimanski
Herausforderungen im Lotpas-
tenauftrag.

ISIT Lotpastenapplikationsta-
ge, March 18-19, 2018, ISIT,
Itzehoe

H. Schimanski
Bauelementetrends.

Seminar Design for
Manufacturing,

May 07-08, 2018, Wertheim

H. Schimanski
Herausforderung bei der Verar-
beitung neuer Bauformen.
Seminar Design for Manufac-
turing, May 07 — 08, 2018,
Wertheim

H. Schimanski
Fertigungsgerechtes Leiterplat-
tendesign.

Seminar Design for
Manufacturing,

May 07-08, 2018, Wertheim

H. Schimanski

Baugruppen- und Fehlerbewer-
tung.

Seminar Design for
Manufacturing,

May 07-08, 2018, Wertheim

H. Schimanski
Nutzentrennung in der Bau-
gruppenfertigung.

Treffen der FED-Regional-
gruppe Stuttgart,

July 11, 2018, Dornstadt



H. Schimanski

Verarbeitung von diskreten
Komponenten.

Innovation days at FUJI EUROPE
CORPORATION,

06-07 September, 2018,
Kelsterbach

H. Schimanski

Loten von elektronischen Bau-
gruppen.

WAGO Technologieworkshop,
September 18, 2018, Ingelheim

H. Schimanski
Herausforderung bei der Verar-
beitung neuer Bauformen.
Vogel Verlag - Technologietag
Leiterplatte & Baugruppe, Sep-
tember 25, 2018, Wirzburg

H. Schimanski
Herausforderungen im
Lotpastenauftrag.

Siebtronic Technologietag, Sep-
tember 26, 2018, Salzburg

H. Schimanski

Design for Reliability.

26. FED-Konferenz, September
27 - 28, 2018, Bamberg

H. Schimanski

Loten von elektronischen
Baugruppen.

WAGO Technologieworkshop,
October 23, 2018, Andechs

H. Schimanski

Erhohte Qualitat und Zuverlas-
sigkeit elektronischer Baugrup-
pen durch fertigungsgerechtes
Leiterplattendesign.

Seminar: Fehlermanagement
in der Elektronikfertigung,
November 06-07, 2018,
Blaubeuren

F. Stoppel

New Integrated Full-Range
MEMS Speaker for In-Ear
Applications.

The 31st IEEE International
Conference on Micro Electro
Mechanical Systems (MEMS
2018), January 21 - 25, 2018,
Belfast, Northern Ireland

F. Stoppel

Leistungsfahiger integrierter
MEMS-In-Ear-Lautsprecher mit
piezoelektrischem Antrieb.

44. Deutsche Jahrestagung der
Akustik, DAGA 2018,

March 19-22, 2018, Munich

F. Stoppel

In-Ear Headphone System with
Piezoelectric MEMS Driver.
145th AES Convention, New
York, October 17-20, 2018,
New York, USA

S. Schroder
Rollmodel.
MINT, January, 2018, Heide

S. Schroder

Erhdhung der Lotsicherheit
beim Einsatz mikro- und
niedrig Ag-legierter Lote in

der Fertigung elektronischer
Baugruppen.

EBL 2018, 9. DVS/
GMM-Fachtagung,

February 20-21, 2018, Fellbach

S. Schroder

(V. Stenchly, H.-J. Quenzer,
W. Reinert)

Development of Skills and Tools
for Micro Opto-Electrical Integ-
ration on Wafer Level.

Poster auf der IMAPS 2018,
October 08 — 11, 2018, Pasa-
dena, USA

A. Wiirsig

Case Study: Integrated Energy
Systems.

Battery Technology Show 2018,
October 23, 2018, London, UK

A. Wiirsig

Effects of New Materials for
Electrodes, Electrolyte Systems
and Separators on Performance
and Safety of Li-lon Battery
Systems in Automotive and
Aerospace.

Airtec 2018,

November 20-21, 2018,
Munich

A. Wiirsig

A New High Power Battery
System.

6th Automotive 48 V Power
Supply Systems,

26-29 November, 2018, Berlin

A. Wiirsig
Hochleistungsbatterien fir die
Elektromobilitat.

Future Energies 2018,
December 04, 2018, Kiel

C. C. Yanez

Power Quality Compensation
for Smart Grids by Model
Predictiv Control.

Dies Academicus 2018, HAW
Hamburg, October 23, 2018,
Hamburg
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GENERAL VIEW ON PROJECTS

Power Electronics

e Herstellung von Kupfer-
metallisierungen auf Leis-
tungsbauelementen mittels
kaltaktiven Atmospharen-
plasmas — AlF-Herkules

e Netzwerk Leistungselektronik
- Netzwerk LE

e Schaufenster intelligente
Energie, Teilvorhaben 3.7,
Systemdienstleistungen mit
Speichern, Teilvorhaben 4.1,
Algorithmen-Entwicklung,
Teilvorhaben 8.1, Modell-
bildung und Simulation zur
Systemintegration

e Norddeutsche Energiewende
4.0-NEW 4.0

e Fraunhofer Anwendungs-
zentrum Leistungselektronik
fur regenerative Energie-
systeme, ALR, Standort
Hamburg — ALR

e Integrierte Umrichter fur
modularverteilte Elektro-
antriebe hoher Drehzahl
- INMOVE; Teilvorhaben:
Simulation, Technologische
Sonderprozesse und Zuver-
lassigkeitsuntersuchungen
flr integrierte Umrichter

e Vertikale GaN MOSFETs fur
effiziente Leistungselektronik
im Niederspannungsbereich
- VERTIGO
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Lagerschild Silizium Carbid
Leistungselektronik — LASIC

Sub-Mikrometer Mikroplas-
tik Partikel in der marinen
Umwelt — Size is Important

Entwicklung und Herstel-
lung von wiederaufladbaren
Magnesium-Schwefel-
Batterien — MagS

Schnellladefahige Lithium-
Energiespeicher mit ver-
besserter Energiedichte fir
den Einsatz in modularen
Unterstlitzungs- und
Antriebskonzepten — HiPoLit

Cell for High Temperature/
Shock — AIF-CHITS

Hochstromfahiges Lithium-
Batteriemodul, Entwicklung
einer Hochleistungs-Lithium-
batterie — AIF-Hochleistungs-
batterie

Analysis of Primered Foils
Due to Different Cell-
Chemistries Versus Pure
Collector Development of
Cell Chemistry, Assembly
of Cells and Analysis —
Armor-AL-Collector

e Erstellen einer Technologie-

Ubersicht im Bereich der
Lithium-Festkorperbatterien
— Traktionsbatterie

Kostensenkung und
Qualitatssteigerung bei
der Lithium-lonen-Batterie-
Elektrodenfertigung durch
quantitative, optische
inline-Messtechnik — Q-LIB

High Load Cathodes — Hilo,
Umweltfreundliche Hoch-
Energie-NCM 622-Kathoden
mit optimierter Speicher-
kapazitat

Calcium Rechargeable
Battery Technology —
CARBAT

High Energy Lithium Sulphur
Cells and Batteries — HELIS

Optimised Energy Manage-
ment and Use — OPTEMUS

Micro Manufacturing

Processes

e Transfer of Fabrication

Process for Switchable
e-Beam Masks — TROM

Entwicklung einer Plattform
fur funktionelle Glasgehause
fir die Integration mikro-
optischer und -mechanischer
Systeme auf Waferebene —
PRISMA

Multifunktionale Sensor-
integration auf anwender-
spezifischen ICs — MUSIC

Miniaturisierte IR-basierte
Sensorsysteme — MIRS,
Teilvorhaben, Optische
Waferlevel-Integration von
FIR-Sensoren und inno-
vativen pyroelektrischen
Sensormaterialien

Durchfihrung von Silizium-
bzw. Oxidpolierprozessen —
Polierprozesse

MEMS Mirror Based
3D-Camera Module
Feasibility Study Project —
3D-Camera

Investigation of New Discrete
Components — R&D Service
New Discretes

Lebensdauerpriifung an
Elektrolytkondensatoren —
Lebensdauerprifung

Herstellung von Faserjus-
tierplatten und Interposern
- Faserjustierplatten Sicoya



MEMS Applications E

Smarte MEMS-Lautsprecher
fir mobile Anwendungen —
SmartSpeaker

Development of Piezoelectric
Microspeakers Gen2

Generative Herstellung
effizienter Piezo-MEMS

flr die Mikroaktorik TVB
Auslegung und Herstellung
gedruckter Mehrlagen-
Piezoaktuatoren — Generator

MEMS-basiertes Laser-
strahl-Ablenksystem fiir
einen Laser-Projektions-
Scheinwerfer — KOLA

MEMS-Scanner basiertes
Laserprojektionssytem flr
Maritime Augmented Reality
- Smart Window

Herstellung von MEMS-
Scannern und eines darauf
aufbauenden Laser-Projek-
tions-Display-Demonstrators
- MEMS-Scanner

Fabrication of 3000 Additio-
nal MEMS Scanning Mirrors
- MEMS Scanning Mirrors

Piezoelectric 2D-MEMS-Mir-
ror-Array for an Optical Cross
Connector — OXC

Development of MEMS
Mirror, MEMS Driver and
Synchronization Video
Electronics — AR-/VR-MA

Development of 2D
Quasi-Static MEMS-Mirrors

Resonant Magnetoelectric
Sensors, Sonderforschungs-
bereich 1261-A3,

MEMS Magnetoelectric
Sensor Fabrication, Sonder-
forschungsbereich 1261-Z1

Towards Zero Power
Electronics — ZePoweEl

Entwicklung eines kombi-
nierten Sensors zur Messung
und telemetrischer Ubermitt-
lung zweier orthogonaler
Krafte und zweier orthogo-
naler Beschleunigungen —
AIF-MECHASENS

Entwicklung eines hoch-
integrierten digitalen
Hochleistungsbelichters fir
die Belichtung von Lotstopp-
lacken — DAHLIA

Industrietaugliche UKP-
Laserquellen und system-
weite Produktivitats-
steigerungen fur
hochdynamische Bohr- und
Schneidanwendungen —
InBus

Mobiles In-Situ Belastungs-
Monitoring von mecha-
nischen Bauteilen aus
Faserverbundwerkstoffen —
MobiMo

Entwicklung und Herstellung
eines sensorgesteuerten
Ozongenerators —
MIKROOZON

Herstellung von Phosphor-
matrizen — IKTS-Phosphor-
matrizen

Elektrische Array-Chips 8 Zoll
— Elektrische Array-Chips

Pilot Line for Micro-Transfer-
Printing of Functional
Components on Wafer Level
— MICROPRINCE

Cluster of Excellence
Advanced Photon Sources
— CAPS

Feasibility Study and
Development Work for a
MEMS Fabrication of a
MassAirFlowSensor —
ZEPHYR

AIN-Based Ultrasonic
Transducers

FlexFunds Biomarkers —
Rapid-Mal

Entwicklung einer adap-
tierbaren, modularen
Strategie zur Qualitatskont-
rolle zellbasierter Therapien
— ZellTherQC
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