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PREFACE

The end of the global economic crisis led to a good operating
result in the 26™ year of Fraunhofer IMS. The Fraunhofer IMS
operating budget in 2010 amounts to 20,8 million euros.

In comparison to last year the number of employees slightly
increased again.

The IMS used the challenging global economic situation in
2009 to concentrate on new strategic challenges and emerged
from the crisis stronger than before. We could generate a
series of public proceeds and gain also new, major industrial
projects. The pick-up of the national and international markets
allows for good future prospects for 2011.

Project Highlights 2010

A main focus of our work laid on IR-Imagers. The IMS
developed an infrared-imager with VGA-resolution for the
detection of thermal radiation for a wavelength range of

8 um to 14 pm. A part of the required process steps for the
IR-Imager will be performed in the 2011 new opened MST-Lab.

In the field of high temperature electronics we develop in
cooperation with a project partner modern ASICs which are
applicable for operating temperatures up to 250°C.

Since several years, high temperature electronics have been
one of the strategic fields of activity of Fraunhofer IMS.

In 2010, the Fraunhofer IMS processed, for our long lasting
partner Infineon, SOI-Wafer, whose ICs are applied in power
switches. This successful cooperation will be also an important
pillar for us in 2011.

In a common international project inside the “HTA", an
association of the Fraunhofer Group of Microelectronics,
Leti (FR), CSEM (CH) and VTT (FIN), high voltage transistors
for a 0, 25 um process are developed.
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Events 2010

In 2010, a multitude of events and workshops have been
performed at Fraunhofer IMS and at Fraunhofer InHaus
Center. In March 2010, the GMM-Workshop “Reliability of
semiconductor devices”, carried out at the Fraunhofer Inhaus
Center, attracted numerous experts to come to Duisburg.
National and international experts discussed the opportunities
and methods to design devices, which also fulfill the strict
medical and industrial requirements in future. Continuative
discussions and network contacts resulted from the attractive
supporting program.

Our 5" CMOS Imaging Workshop in May 2010 attracted again
more than hundred national and international guests and
orators. In accordance with the global technological trend, the
topic of the workshop was “CMOS Low-Light-Imaging”.

The Win? event in June and the inHaus forum in September
2010 dealt both with the topic “buildings of the future”. The
events focused on solutions for the technical modernization
and the use of sensor technologies for the building services
engineering.

From the 4" to 6" November, more than 30 pupils
participated at the Fraunhofer Talent School in our institute.
The Fraunhofer Talent School offers young, talented pupils
the possibility to deal practically with scientific-technical
topics. The participants set up radio circuits, learned about
microchip design and simulated and designed microchips at
the computer.

The Fraunhofer IMS was co-organizer of the workshop for
“Energy self-sufficient sensors and sensor networks” of the
Fraunhofer Gesellschaft in Munich.

There, ten Fraunhofer Institutes presented their current trends
and developments.

Personnel

In 2010, three Fraunhofer IMS employees were offered a
professorship. We are happy about the career advancement of
Professor Dr. Stockmanns, Professor Dr. Krisch and Professor
Dr. Ressel and wish them success in following their new
responsibilities. This pleasant progress verifies the academic
esteem of the German universities.

For the overall excellent business year 2010, thanks are due
to our partners and customers in commerce and the public

authorities as well as in the ministries.

In this context, the rise in orders coming from our European
neighbors is especially pleasant.

Finally, | particularly would like to thank our employees, who
enabled our common success by their dedicated work. Many
thanks.

ﬂmém //ﬁﬂflmm‘”v

Professor Dr. rer. nat. Anton Grabmaier

Duisburg, March 2011
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The Fraunhofer Institute for Microelectronic Circuits and
Systems (IMS) was established in Duisburg in 1984. The
Fraunhofer IMS is, through continued growth and innovative
research and development, one of the leading institutes in
Germany for applied research and development in micro-
electronics and CMOS-technology.

Fraunhofer IMS

Employees 260

Fraunhofer Projects 25 % of Budget

Infrastructure
Fraunhofer IMS offers a wide range of services and production
of in silicon based devices and systems.

The fabrication takes place in class ten cleanrooms, wafer-
testing rooms and an assembly-line with together more than

2500 square meters.

Fraunhofer IMS CMOS Wafer Fab

Wafersize 200 mm (8 inches, 0.35 ym)

Cleanroom area 1300 square meters

~Cleanroom class oo
app. 120 in 3 shifts

(Employees 7daysaweek

Capacity > 70.000 wafer/year

IMS Production and Development

Fraunhofer IMS develops, produces and assembles smart
sensors, integrated circuits and discrete elements (ICs and
ASICs). It also offers the fabrication of devices on a profes-
sionally managed CMOS production line in small to medium
quantities.

FRAUNHOFER IMS IN DUISBURG

¥ |

The Fraunhofer Institute o'fM%'o'_el_ectr,onié}
Uit ar_)d_Systems (IM_S)
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In the new microsystems technology lab (MST-Lab) we
integrate different micro- and nanofunctions directly on top of
the signal processing CMOS circuits. This procedure is called
post-processing. (600 square meters)

The ICs are assembled in the cleanroom (400 square meters)
of Fraunhofer IMS assembly facility. This facility supports the
production of ICs in ceramic packages or as COB (Chip on
board, COB). COB assembly is available from small quantities
to several million units per year.

Supply and Service

The Fraunhofer IMS offers R&D services tailored to our
customer needs, providing efficient solutions ranging from the
initial studies to the series products.

Cooperation possibilities:
e Studies and feasibility studies
¢ Consulting and concept development
e Demonstrator and prototype development
e Chip production (ASIC Production)
¢ Development of soft- and hardware

From idea to production

Series Production 49

Qualification 49

Prototype Fabrication

Specification & Design

¥ Concept & Feasibility Study

First Idea Product

Certificate

..... 158 T AT

CATE

i By
LH

CERTIFI
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RESEARCH AND DEVELOPMENT
AT THE FRAUNHOFER INSTITUTE

FOR MICROELECTRONIC CIRCUITS

AND SYSTEMS

The Fraunhofer IMS conducts research and development in

many different application areas including
e Automotive

e Medical

e Consumer

e Smart Buildings

e Communication

e Aero Space

e | ogistics

e Industrial Automation

e Semiconductor Industry

These applications are served by our business fields:

e CMOS process
¢ ASIC design und development
e Sensors
— Pressure Sensors
— Image Sensors
— Infrared Sensors
— Bio Sensors
e Embedded systems hardware and software
e Wireless systems, ICs and transponders
e Smart Buildings

Automotive 'V'?dic.a'
Applications

Consumer
Electronic
Markets
Semiconductor

Industry

< Smart >
Buildings Aero Space
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1. CMOS Process and Assembly

Based on standard CMOS process technology, IMS develops
customer-specific processes and special options for standard
processes (e.g. capacitors, polysilicon and thin-film resistors,
high voltage transistors, EEPROM, OTP and several types of

Sensors).

Pressure-Sensor-Process

With a clear view on the needs of a rapidly growing sensor
market, IMS leveraged its long experience in research and
development of CMOS-compatible integrated sensors to
establish micro-mechanical pressure sensors as one of its
product lines.

At the heart of this product line is a pressure sensor that

is integrated into standard CMOS technology. This micro-
mechanical pressure sensor was designed for a large range
of pressures, and can be monolithically integrated with many
electronic devices, e.g. MOSFETs, capacitors, resistors or
EEPROMs. The layout of the pressure sensor determines its
pressure range, as the membrane's stiffness is directly related
to its diameter.

Fraunhofer IMS Annual Report 2010
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High Temperature SOI Process

The high temperature SOl CMOS process uses SOI substrates
for the production of ASICs that operate at temperatures of
up to 250° C.

Only fully CMOS compatible process steps are used to manu-
facture not only standard CMOS circuit elements, including
EEPROM, but also silicon based sensors, actuators and power
devices.

Power Devices

In close cooperation with industrial partners, Fraunhofer IMS
provides a 600V-CMOS-process for half- and full bridge driver
chips for IGBTs. Also a novel discrete power MOS transistor
process based on trench technology has been developed at
IMS. It features an ultra low on-resistance so that transistors
with less than 1 mOhm on-resistance can be realized on a
small die, while keeping the number of process steps low.
Such low loss switches are used in power supply, automotive
and other low voltage applications.

CMOS Fabrication

Fraunhofer IMS provides numerous semiconductor production
services in its 200 mm CMOS production line. The profession-
ally managed class 10 clean room has more than 1300 m?
floor space. The 24 hour, 7 days a week operation ensures the
uniform quality of our products.

The Fraunhofer IMS production line especially caters to the
production of smaller and medium quantities of ASICs.
The production line operates under an I1SO 9001:2000 and
TS 16949 certified quality management system, assuring
stability and reliability of products and production. Timely,
reliable and customer-oriented production is our and our
customers key to success.




RESEARCH AND DEVELOPMENT AT THE
FRAUNHOFER INSTITUTE FOR MICRO-

ELECTRONIC CIRCUITS AND SYSTEMS

2. Sensors

Pressure Sensors

The basic element of our pressure sensors is a surface
micromechanical sensor that is fabricated using standard
CMOS processing equipment. These sensors can be realized
for a wide range of pressures, sharing a single chip with all
electronic devices available in a CMOS process, e.g. MOSFETs,
capacitors or EEPROMs. The sensors can be configured as
absolute with capacitive readout. The necessary signal conver-
sion, linearization and amplification circuits are realized on the
same chip, effectively eliminating interference on sensor wiring
that is a major issue for discrete solutions. We have already
created a variety of innovative products using this monolithic
integration of sensors and signal processing functions like
programmable amplifiers, sensor linearization, temperature
compensation or wireless interfaces.

The layout of the sensor element determines its pressure
range, which may be situated between 0.5 to 250 bar, as

the sensor diameter controls the stiffness of the membrane:
Smaller and stiffer membranes shift the pressure range

to higher pressures. Thus the sensors are suitable for the
measurement of pressures ranging from blood, air, and tire
pressure all the way to hydraulic oil pressure. The small size
of the sensor and its associated electronics enables innovative
medical applications for the in vivo measurement of the pres-
sures of blood, brain, eye or other body fluids.

14

CMOS Image Sensors

Fraunhofer IMS image sensors are based on CMOS technol-
ogy, which enables the monolithic integration of sensor and
circuit elements on a single chip. This integration is used

e.g. to control the sensitivity of each individual pixel to avoid
blooming. Fraunhofer IMS has developed a dedicated 0,35 pm
Opto CMOS process.

A wide range of CMOS image sensors has been developed for
our customers and in research projects. The realized sensors
include high dynamic range sensors, high speed sensors —
which deliver 1000 high quality images per second — and
high-resolution sensors with “region of interest” function for
faster readout of subsections of the pixel array. The CMOS
image sensors suppress smearing and blooming effects and
always deliver sharp images. Electronic high-speed shutters en-
able the realization of 3D imagers base on laser pulsed based
time-of-flight measurement.
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RESEARCH AND DEVELOPMENT AT THE
FRAUNHOFER INSTITUTE FOR MICRO-
ELECTRONIC CIRCUITS AND SYSTEMS

Infrared Sensor

The demand for uncooled infrared focal plane arrays (IRFPA)
for imaging applications is constantly increasing. Examples for
the application of IRFPAs are thermography, pedestrian detec-
tion for automotive, firefighting and infrared spectroscopy.

IRFPAs consist of an array of microbolometers located on top
of a CMOS substrate which comprehends the readout circuit.
Typcal array sizes are for lowcost applications 160 x 120

or 320 x 240 pixels. State-of-the-art IRPGAs achieve VGA-
resolution with 640 x 480 pixels.

The microbolometer is a special infrared sensor. The
IR-sensitive sensorelement based on the principle for a micro-
bolometer is fabricated by post-processing on CMOS wafers.
The microbolometer converts the infrared radiation into heart
energy and this induces a temperature rise resulting in a
change of the electrical resistance. Typical microbolometers
have pixel pitch values of 35 ym or 25 um.

Biosensors

Biosensors for point-of-care and home diagnostics are increas-
ingly asked for. Therefore Fraunhofer IMS advances in the
development of a new generation of biosensors. These special
sensors are developed in the Microsystems Technology Lab
where standard CMOS circuits are prepared for or —in future —
combined with bioactive layers. Typically, additional metals

or oxides are added, as well as special surface treatment and
activation or the dispension of anchor chemistry for later
analyte receptor immobilization. This new technology is called
post-processing and it enables the production of different
sensors for different applications by joining biosensitive layers
with CMOS electronic readout circuitry. This “Bio to CMOS”
processing leads to Biohybrid Systems.
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3. ASIC Design
The development of analog, digital and mixed analog-digital

integrated systems is a core competence of Fraunhofer IMS.
Application specific integrated circuits (ASICs) enable our
customers to provide cheaper and more powerful products.
We offer the full spectrum from custom to IP-based ASIC
solutions.

Full-custom ASICs are designed from scratch to accommodate
the specific requirements of the customer, providing a highly
optimized product. The IP-based ASIC is based on proven
generic components, with lower design time and cost. Using a
mix and match approach both design styles can be combined
to leverage the benefits of both.

The close co-operation with our in house CMOS production
line provides a seamless and efficient path from concept to
series production. Our long experience in the development

of integrated circuits, starting from concept through design,
layout, and fabrication to testing ensures a short development
time and a minimized design risk.

Our fields of design expertise are:

e Embedded microcontroller

e High-temperature ASICs

e Smart power integration

¢ Non-volatile memories

® Mixed-signal design

e Sensor transponder

Beside standard ASIC solutions for all kinds of applications,
ASICs with sensors and sensor signal processing integrated on
a single chip have been realized.

These ASICs often combine our core competences in ASIC

design,

e System-on-Chip (SoC) solutions,

® Mixed-signal signal processing and

e Integration of RF building blocks for wireless energy and
data transfer.

Our customers benefit from our research in these areas, which

provides viable solutions for their applications — applications
that demand miniaturization, energy-efficiency, cost-
optimization and reliability.

4. Wireless Systems and Transponders

A core-competence of Fraunhofer IMS is the development and
realization of wireless systems. Research and development
focuses, among other things, on wireless sensor networks.
These networks comprise autonomous sensor modules that are
distributed over a large area or volume, and measure physical,
chemical and other quantities. The measured values are trans-
ferred to a central agency, making use of intermediate nodes
for data transfer, or they can be used by similarly distributed
actor modules for decision-making and control processes.
Development in this field includes new methods for commu-
nication (e.g. protocol stacks, localization) and the realization
of cost-efficient, miniaturized components. The realization of
new products in an efficient and timely manner is facilitated
by the use of modular hardware and software components
that allow a quick adaptation to application requirements.

High-frequency measurement chamber at Fraunhofer IMS

The advantages of wireless sensor networks were successfully
demonstrated in some projects.

Important applications of wireless sensor networks are in

the field of:

e Industrial automation, e.g. logistics and inventory control.

¢ Agriculture e.g. monitoring of air and soil parameters.

e Facility management, e.g. remote monitoring of buildings
and infrastructure elements.

Our customers face a number of challenges that are adressed
by our R&D activities. One set these activities addresses tools
for network development, deployment and maintenance. Oth-
ers address the field of energy harvesting, the ability to extract
module power from the environment and obviating the need
for batteries or power cables.
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The transponder systems unit at the Fraunhofer IMS offers offering complete system solutions.
system solutions for the integration of novel portable or These transponder systems are used in smart buildings and
stationary transponder read-write devices and base stations vehicles, industrial automation, medical devices and logistics.

into smart network-systems.
It also provides base stations for transponder ASICs with
integrated micro sensors developed at Fraunhofer IMS, thus

Sensor-Transponder System for Medical Applications

Chip

Receiver
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5. Smart Room & Building-Solutions

At the Fraunhofer-inHaus-Center, Europe’s leading innova-
tion center for smart homes and buildings, IMS cooperates
with six Fraunhofer-Institutes and nearly 100 industrial partners
to develop, test and demonstrate innovative solutions of all
kinds for different application fields in smart buildings. In

detail IMS offers research, development and complete systems-
solutions to component and systems manufacturers, builders
and operators of homes and commercial buildings for new and
added value functions on the basis of electronics and software.

At the inHaus1-Facility (Smart Home-Lab) new domotic
techniques to control lighting, doors and windows as well

as heating and ventilation for energy efficiency in homes are
developed and tested. One focus lies on solutions for smart
metering for more transparency in energy consumption. In the
SmartHome-Segment we have also a lot of experience in the
field of user interface solutions for easyer control of technical
equipment in homes. User acceptance tests in the smart home
lab garantee the new industrial products to have a better
success chance on the market.

At the inHaus2-Facility (Smart Building-Lab) new technical
solutions for commercial properties are being developed,

e.g. for new benefits in facility management and building
operation, in the operation process of nursery homes, hotels
and offices.

One main IMS focus lies on the development of new concepts
and electronic systems that provide unobtrusive assistance

for elderly and handicapped people in order to maintain a
self-determined life at nursery homes with commercial opera-
tion and to optimize the care service process. We concentrate
especially on solutions like microelectronic sensor networks in
rooms with software interpretation of data to get benefits like
automatic detection of problems or emergency cases (ambient
assisted living AAL).

Another main field of R&D in all inHaus-application segments
is energy efficiency, like in the smart home field. In coopera-
tion with component and systems manufacturers and also
energy providers next-generation-metering and building
automation technologies for energy efficiency are developed,
tested and demonstrated.

The inHaus Center offers R&D and complete systems-solutions
to builders, modernizers or operators of homes and com-
mercial buildings, to implement complete electronic and ITC
systems for new and added value functions. This includes the
following aspects:

e Safety and security

e Multimedia

e Support for the elderly

e Energy saving

e Light management

19
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The semiconductor industry has followed Moore’s law since
the early 70s. Doubling or even tripling the performance
(integration density, speed) every two years through transistor
scaling has yielded a better performance-to-cost ratio of prod-
ucts, generating an exponential growth of the semiconductor
market. This in turn allowed an increased investment in equip-
ment and processes, again stimulating the scaling. This “More
Moore" approach has been accompanied by roadmapping,
especially the ITRS roadmap, and is still a driver of the state of
the art technology.

Since a few years, however, there is a new trend evolving. Due
to the enormous investment and development costs, “Moore
More” is handled by a few consortia on a world-wide basis
only, concentrating on the large volume markets (memories,
processors). In addition a “More than Moore” approach has
emerged, where added value to devices is achieved by function-
alities that typically do not scale according to “Moore’s Law”.

Especially in Europe this trend is obvious, where semiconduc-
tor companies are seeking their markets by adding power
handling capability, robustness or sensing/actuating devices
to their CMOS processes. Application areas are to be found in
the automotive industry, in industrial or medical electronics,
but also in consumer products.

A method to enhance the capability of an integrated device is
post-processing or “above—-CMOS technology”. CMOS wafers

serve as “intelligent” substrates. They may contain sensor

CMOS-FAB —p %MS]’:LAB

CMOSE-Process Post Processing

Options:
— P FIR Processing
¥ Bio Processing
P Opto Processing

Figure 1: Post-Processing approach
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readout or driver circuitry, temperature sensors, analogue sig-
nal processing, and interfaces to the outside world (analogue,
digital, wired or wireless). On top of these CMOS wafers you

may now deposit additional layers, structures and devices for

sensing and actuating

Compact, “intelligent” micro- and nano-systems will result.
Several advantages arise from post-processing:

e Compact sensors contain application specific interfaces

® The ultra short distance between sensor and readout allows
detecting very small signals and it allows reading out arrays
of sensors.

® Processing is done with proven semiconductor processing
equipment, but may include specialized machines and
processes

e A large material variety (compared to CMOS) is available

e Sensor/actor manufacturing is quasi independent from CMOS
processing, but sensor and circuit functioning are very closely
coupled.

To enable IMS following this emerging technology trend and
to enable IMS to react to the requests from our R&D custom-
ers from the semiconductor industry but also from automotive
and industrial users, we have started a project in late 2009 to
set up a facility for post-processing at IMS. A 16 million Euro
grant from the European Union, the German Federal Ministry
of Education and Research (BMBF) and the Ministry of Innova-
tion, Science and Research (MIWF) of North-Rhine-Westphalia
is used for establishing a clean room and selecting and install-
ing equipment for post-processing on 200 mm wafers.

600 sgm of former laboratory space have been transformed
to a class 10/100 clean room. The challenge was to integrate

a raised floor, a wall system, and all facility interconnections

Fraunhofer IMS Annual Report 2010



despite of the limited height of the existing rooms. Filter fan
units provide clean air, a clean wall system separates clean
room and service area.

MEMS fabrication will use equipment sets for lithography,
deposition, etching, metrology and packaging partly similar to
CMOS, partly dedicated to new MEMS processes. Lithography
uses 1:1 proximity and a 5:1 wafer stepper, both with front
to back alignment capability. The stepper is unique in that
additionally to 350nm resolution the front to back accuracy

is better than 175nm. Thin and thick photo resist as well as
polyimide and red/green/blue colour filters may be processed.
Deposition systems range from CVD of dielectric and semi-
conductor layers to sputtering, evaporation and atomic layer
deposition (ALD). Whereas ALD provides high precision thin
metal or dielectric films, electroplating yields Cu, Sn, Ni, and
Au layers up to several um thick. Plasma etching is used to
pattern metal or dielectric layers. Unique to MEMS processing
are lon Beam etching and Deep Reactive lon Etching. DRIE
offers bulk micro-machining and etching for Through Silicon
Vias.

A set of metrology systems guarantees reproducible process-
ing and a quick feedback for process development.

Packaging equipment, using this term in a very broad sense,
comprises of wafer-to-wafer bonding, chip to wafer bonding,
grinding and thinning for chip scale packages, but also for
structures made of single crystalline semiconductor layers and
devices on top of the CMOS wafer.

At the end of 2010, the new clean room is now “ready for
equipment”. Most of the machines cited above have been
ordered, several are already delivered and have been installed,
basic processes are available, and several projects are well on
the way to support our customers.

The developments we are offering range from consulting,
delivery of individual process steps for process modules, both

interesting for semiconductor and MEMS companies, to the
development and delivery of complete sensors on CMOS
dedicated to industrial, automotive and medical users.

Two groups of scientists and technicians support the new
MEMS facility. The operating group cares for machine
installation, maintenance, and process step development as
well as organising clean room and facility operations. The
MEMS development group devises new device concepts

from specification over simulation, prototype fabrication,
characterization and tests. Close cooperation with the CMOS
development groups, CMOS operations and facility allows the
MST lab to benefit from synergy effects and guarantees true
integration of sensors and actuators on top of our CMOS. Last
but not least our circuit design groups at IMS contribute their
know-how in analogue and mixed signal circuits to complete
the developments on fully integrated single chip “intelligent”
micro- and nano-systems.

Several projects have already been started or even finished

in the new facility. We have developed a doped amorphous
silicon layer to be integrated onto custom CMOS wafers stem-
ming from a silicon foundry. Finally this layer was transferred
to our customer’s facility. Electroplating is used to enhance
CMOS current driving capability and as a basis for SLID
technology (soldering with solid liquid interdiffusion).

Pressure sensors and optical sensors will be integrated on top
of our CMOS wafers. The most complex process developed so
far serves the integration of a micro-bolometer array on top a
readout circuit.

The cross section in Fig 2 depicts typical steps of CMOS
followed by post-processing to integrate a sensor on top:

a planarised surface of the CMOS, followed by additional
metal layers, surface micro-machining exploiting a sacrificial
layer with the thin sensor membrane on top and provisions
to allow chip scale packaging. In addition we are working
on bio-sensors integrating highly specific detection layers to
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get marker free sensors. Nano-structures like semiconductor
nano wires or carbon nano tubes will be applied to enhance
sensitivity.

Post-processing on CMOS is the way IMS has chosen to
advance CMOS applicability, to generate new devices and to
serve our customers. The new Microsystems facility at IMS is
ideally suited to support this goal.

Figure 2: Microbolometers on top of CMOS readout
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Introduction

The detection of light in the extreme ultraviolet region of

the spectrum (EUV or XUV, 4 — 50 nm) is not possible with
standard front side illuminated CMOS image sensors as the
radiation is almost completely absorbed in the dielectric layers
that cover the silicon. This required the use of back-thinned
and backside illuminated image sensors or focused ion beam
(FIB) procedures for EUV image sensors. With the development
of the deep optical stack etching (DOSE) process enhancement
the production of pure CMOS front side illuminated EUV
photo diodes has been enabled.

Applications

The detection of EUV radiation is part of many scientific
research efforts, for example solar EUV imaging or micros-
copy of biological samples in the so called water window
(2.3 — 4.4 nm) where water becomes transparent but carbon
absorbs the radiation. Radiation with 13.5 nm is also used

in the next generation lithography called EUV-L, which is
supposed to be used for technology nodes with feature sizes
of 15 nm and below. EUV-L still suffers from many unsolved
problems, one of which is the inspection speed of masks and
mask blanks. The DOSE process enhancement allows the
development of specific image sensors for the mentioned
applications, for example fast yet sensitive image sensors for
EUV-L mask blank inspection.

The process

The underlying CMOS process used for the DOSE process is a
0.35 um mixed signal process. For the DOSE process a poly-
silicon layer is deposited in photo active regions and the chip is
processed until the pad opening. At this point a photoresist is
applied and the pad areas are opened together with the photo—
active areas lithographically. Using the standard pad opening
etch the silicon nitride passivation is removed completely and
the silicon oxide is removed partly in photo active regions. After
a reapplication of the resist only the photo active regions are
opened lithographically. Subsequently the remaining oxide on
top of the polysilicon stopping layer and the stopping layer itself

are removed. This leaves only a thin thermal oxide on top of the
silicon in photoactive regions. This thin thermal oxide serves as
an etch stop and protects the silicon surface. A shematic illus-
tration of the DOSE process is shown in Figure 1, a SEM image
of 7 um x 7 um DOSE photo diodes is shown in Figure 2.
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metal
silicon oxide
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Figure 1. Schematic illustration of the DOSE process. a) CMOS
process until pad opening. b) Photo resist is applied, pad
regions are opened together with photoactive regions litho-
graphically and pad etching is performed. c) Photo resist is
reapplied, photoactive regions are opened lithographically,
remaining layers (oxide and polysilicon) are etched.

silicon nitride

silicon OXIde

photo-
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Figure 2: SEM cross section of DOSE photo diodes with a size
of 7 um x 7 uym.
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Figure 3: Sensitivity of an array of 43 x 43 DOSE photo di-
odes with a size of 7 um x 7 um compared to a simulation.
The quantum efficiency is the amount of detected electron
hole pairs divided by the number of impinging photons and
the amount of electron hole pairs that are generated per
absorbed photon. This amount is calculated using a mean
electron-hole pair creation energy of 3.7 eV.

Sensitivity measurements

The sensitivity of a photo diode can be described by its
quantum efficiency. The quantum efficiency is the amount

of electrons detected per impinging photon, divided by the
number of electron hole pairs that are generated upon absorp-
tion of a photon. It is calculated from the photon energy, the
photo current of the diode (corrected by the dark current and
in this case without external bias), the beam power that hits
the photo diode and the number of electron hole pairs that are
generated per absorbed photon.
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The quantum efficiency of DOSE photo diodes has been char-
acterized at the PTB’s (Physikalisch Technische Bundesanstalt)
XUV beamline at BESSY I, Berlin, in cooperation with the
Fraunhofer ILT. The result for an array of 43 x 43 diodes with a
size of 7 ym x 7 ym is shown in Figure 3. A quantum efficiency
of around 50% at 13.5 nm is obtained, which is comparable to
state of the art backside illuminated image sensors.

Conclusion and Outlook

Using the DOSE process extension photo diodes have been
manufactured employing only common CMOS fabrication
tools, which feature sensitivity to EUV radiation comparable
to state of the art backside illuminated image sensors. As

no expensive back-thinning or FIB processes are needed,

this allows the development of cheaper application specific
image sensors. Currently an imager with DOSE photo diodes
is planned that will feature an increased frame rate compared
to available EUV image sensors. The sensor will feature a
resolution of 1280 x 960 pixels, a pixel pitch of 12 um and a
maximum frame rate of 200 fps. It is designed to improve, for
example, the scan speed of inspection tools in this wavelength
range.

Future work will focus on reducing the thickness of the
thermal oxide in photo active areas in order to improve the
sensitivity.

Fraunhofer IMS Annual Report 2010



THERMALLY ISOLATED

MONO-CRYSTALLINE SILICON DIODES AS

DETECTORS FOR MICROBOLOMETERS

P. Kropelnicki

Bolometers are used as sensing elements for the detection of IR-radiation in the LWIR (8 ... 14pm) range. A
new kind of diode bolometer can increase the thermal resolution of infrared detectors by reducing the noise
of the sensor element. This is achieved by using a mono-crystalline substrate for the bolometer instead of an

amorphous sensing layer which is typically employed in conventional bolometers. A mono-crystalline diode
reduces the 1/f-noise and therefore increase the signal to noise ratio. The diode bolometer can be integrated
by post-processing into a process flow based on CMOS-readout circuits to ensure mass production.

Introduction

Amorphous silicon [1] or vanadium oxide [2] are frequently
used as the temperature sensing materials for standard
microbolometers. The drawback of these amorphous materials
is their high electrical 1/f-noise, which limits the signal to
noise ratio. A promising way to limit 1/f noise is the use of
mono-crystalline materials and it has been shown that diode
microbolometers can be formed in mono-crystalline silicon

[3]. However, the need for thermal isolation requires that the
diodes are suspended from the bulk material by removing the
underlying silicon substrate material. This limits the fill factor
and makes it impossible to have a CMOS read-out circuitry
directly under the pixel. A solution to this problem is to bond
an additional sensor wafer to the wafer containing the CMOS
read out circuit [4]. This approach combines a high fill factor
and the possibility to integrate the read-out circuit in the
proximity of the pixel with a mono-crystalline sensing material.
Fraunhofer-IMS has developed a thermally isolated single-
crystal silicon diode as a detector for microbolometers.

Test-structure

To determine the characteristics of the diode bolometer
different single-crystal SOI diode test structures have been
fabricated as shown in Fig. 1. It is possible to use this kind of
test structure due to the fact that the thermal and electrical
characteristics of a mono-crystal SOI diode test structure are
very similar to those of a diode bolometer, but without the
need for a sacrificial etch process. An typical geometry of such
a test diode is shown in Fig. 2.

bondpads Si0,

/
4

burried oxide

/
/

Thin electrical conductive material

SOl-pin-diode

Fig.1: Cross section of a SOI-pin-diode test structure

electrical contact

Fig.2: Top view (left) and technological cross section (right)
of a SOI-pin-diode test structure
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Temperature DC-model
A complex diode model of the temperature dependent IV-
characteristic of a SOI-pin-diode is shown Fig. 3.
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c
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Fig.3: Temperature dependent DC-model for a SOI-pin-diode
test structure and diode bolometer

This model describes the change of the ideality factor and
the saturation current as a function of the temperature and
the operating point. The comparison of the measured and
modeled temperature dependent IV-characteristic is depicted
Fig. 4.

02 03 0.4 05 06 07 08 0.9 1.0
UiV

Fig.4: Measured and modeled temperature dependent
DC-characteristic
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Using the spice simulation software it is possible to numerically
determine the temperature coefficient of the current as shown
in Fig. 5.
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Fig.5: Temperature coefficient of the diode current as a
function of temperature and voltage

Noise

The thermal resolution of an IR-detector based on a diode
bolometer is limited by the noise of the pn-junction. To
determine the noise of the component, even at extremely

low frequencies, a noise measurement station is necessary
(Fig. 6). A good shield against low-frequency electromagnetic
radiation is achieved by using an enclosure consisting of two
layers, Mu-metal and aluminum. With this measurement setup
it is possible to measure noise down to 1026 A%Hz and with
frequencies as low as 10" Hz.

Readout-circuit

Typically, bolometers are read out by an integrator which
converts the electrical current change due to infrared radiation
into an analog voltage. This read out principle is used for

the determination of the theoretical thermal resolution. It is
shown that the influence of the shot-noise with respect to the
resolution decreases clearly with higher currents of the diode
bolometer. However, with higher bolometer currents, the
negative influence of the 1/f-noise regarding the resolution

Fraunhofer IMS Annual Report 2010



This process step facilitates the bonding of the SOI sensor wa-
Agilent 156704 fer with the CMOS wafer at low temperatures. Subsequently,
during the wafer-grinding step, the back-side of the silicon

based sensor wafer is grinded down to 5um over the buried
oxide. This is done so that the silicon can be selectively etched
away afterwards. The remaining mono-crystalline bolometer

membrane itself, which is placed above the CMOS wafer, can

then be electrically connected with the CMOS wafer (Fig. 8).
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Fig.6: Noise measurement setup for noise determination of
diodes

Fig.8: Bonded and grinded sensor- and COMS-wafer (left),
gets stronger and the decreasing temperature coefficient electrical contact between both wafer (right)

strengthens this effect. Measurements using test structures
indicate a possible NETD of <100mK.

Fig. 9 shows the geometry structure of a diode bolometer.
Process flow
A "low temperature direct wafer bond” process step was
developed to enable the production of the mono-crystalline
diode bolometer (Fig. 7).

CMP polished  Sensortayer
USG

a) wafer alignment b) wafer bonding c) wafer grinding

d) via etch €) metal sputtering f) release

10um

Fig.9: Diode bolometer before release step

Fig.7: Process flow for the fabrication of a diode bolometer
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CRYSTALLINE SILICON DIODES AS
DETECTORS FOR MICROBOLOMETERS

In a final release step, the membrane can be thermally isolated
from the substrate by removing the sacrificial layer as shown
in Fig. 10.

Fig.10: Contact plug of a diode bolometer (left), array of re-
leased diode bolometers (right)

Vacuum package

To reduce thermal losses by gas convection a vacuum package
is required. To realize a reliable vacuum package a bond
between a ceramic casing and a silicon lid, achieved by hard
soldering the pieces together, is used. The principle of the
vacuum package is shown in Fig. 11.

Metallic frame of the silicon lid

Eutectic frame

Metallic frame of the ceramic

package
Silicon lid
Contact é
pads
[ )
Ceramic
Gold i
wire Diode package

Fig.11: Schematic illustration of a vacuum package
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The measured vacuum level reaches p<1x10-2 mbar. This
vacuum level fulfills the requirements for the thermal isolation
of a bolometer. To ensure the long term stability a getter

is included inside the package. Fig. 12 shows the finished
vacuum package.

Fig.12: Ceramic vacuum package after lid soldering

Conclusion

A full process flow for fabricating a mono-crystalline diode
bolometer has been established, which is capable to integrate
diode bolometer elements above a CMOS-circuit and therefore
maximizes the fill-factor of an array. Also, a simple way to
realize a Fabry-Perot structure to increase the IR-absorption
can be achieved with this process flow. Due to low thermally
conductive materials in the bolometer legs, a high thermal
isolation can be realized. Diode bolometers can be used as the
sensing element of an IR-detector with a high temperature
coefficient of current and a low 1/f-noise and therefore a very
low NETD.
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Abstract

In order to avoid high-temperature-induced degradation of
metal interconnects, transistors and other components in
CMOS circuits, low temperature processes have to be applied
for the post-CMOS integration of MEMS (Microelectrome-
chanical systems). At Fraunhofer IMS novel approaches for
the post-CMOS MEMS integration on the basis of silicon-
germanium (SiGe) and germanium (Ge) were developed.
Poly-SiGe films were deposited with a PECVD process at the
substrate temperature of around 380°C, and poly-Ge films
were deposited with PECVD at the substrate temperature

of around 340°C. Capacitive pressure sensor elements with
membranes of PECVD poly-SiGe and PECVD poly-Ge were
fabricated. Due to the low deposition temperature of SiGe and
Ge, a temperature budget of only 24 minutes at 380°C in the
case of SiGe membrane pressure sensor, and a temperature
budget of only 26 minutes at 340°C for Ge membrane sensor
resulted. Sensor structures were examined with respect to the
pressure sensitivity. It was found, that the mechanical proper-
ties of the structures with the SiGe or Ge membranes are
comparable to the poly-Si structures. Poly-SiGe and poly-Ge
films were deposited on metal interconnections in order to
form direct electrical contact with the lower metal level. A via-
resistance of circa 240 Q of a poly-Ge via on Ti was measured.
The via had a cross section area of 1.5 um? and a height of
900nm. The demonstrated integration process performed with
the low temperature depositions of poly-SiGe and poly-Ge

is suitable for the post-CMOS integration of various MEMS
structures.

Low-Temperature PECVD of poly-SiGe and poly-Ge films
It was reported, that the deposition of poly-SiGe and poly-Ge
films can be carried out at temperatures lower than 450°C
with the LPCVD method [1], or with the PECVD method using
pre-deposited LPCVD seed layer [2]. It was observed in this
study, that poly-SiGe and poly-Ge films can be deposited at
the substrate temperatures as low as 380°C (for poly-SiGe)
or 340°C (for poly-Ge) solely with the PECVD method, if
appropriate deposition parameters are chosen. The main
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advantage of PECVD method as compared to the LPCVD
method is the much higher deposition rate of the former,
which effectively reduces the thermal budget of the process.
The typical deposition rate of LPCVD SiGe is about 0.6 nm/s
[2] as compared to a deposition rate of 7.6 nm/s for poly-SiGe,
and 5 nm/s for poly-Ge with the PECVD method, that were
demonstrated during this study. In comparison to the method
using pre-deposited LPCVD seed layer, our process takes less
time, and it is also simpler. The resistivity of the in situ boron-
doped poly-SiGe film is about 1.2 mQ-cm, and that of the
poly-Ge film is about 0.8 mQ-cm.

Capacitive pressure sensor with SiGe and Ge membranes

sacrificial oxide for

etch channel sacrificial oxide

Poly—S_iGe or poly-Ge

e BVD SiGe or Ge

Figure 1: A simplified process flow for the production of the
free standing structures sealed with SiGe or Ge. a) dummy
wafer with PECVD silicon nitride; b) sacrifial oxide for the
spacer of the “capacitors” and the etch channels are depos-
ited and structured; c) poly-SiGe or poly-Ge films are depos-
ited and structured; d) sacrificial oxide is removed; e) “ca-
pacitors” are sealed in vacuum using CVD SiGe or CVD Ge.
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In order to verify the deposition process and the properties of
the films, capacitive pressure sensor structures were produced.
A schematic process flow of the fabrication of the pressure
sensors is illustrated in Figure 1. To simulate wafers with com-
pleted CMOS electronics, silicon wafers with PECVD silicon
nitride on top of them were used. A surface micromachined
pressure sensor process at Fraunhofer IMS was modified,

and utilized for the demonstration. The structure layer of the
membranes was in situ boron-doped poly-SiGe or poly-Ge
films. The stress of the films was optimized in such a way,
that the structure layer bends lightly to the substrate, after the
sacrificial oxide was removed. The capacitor structures were
sealed with CVD SiGe or CVD Ge. A measurement of the cen-
tral deflection of the membranes under different pressure load
is depicted in Figure 2 for both materials. A linear dependence
of the deflection on the applied pressure was observed. The
pressure sensitivity (center deflection/bar) for both types of
membranes yields a value of about 200 nm/bar.
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Figure 2: Central deflection of SiGe and Ge membranes
under different pressures.

Vias of poly-SiGe and poly-Ge

P0|y..8|Ge or poiy—Ge PECVD silicon nitride

Figure 3: A simplified schematic cross section of a via of
poly-SiGe or poly-Ge.

A further aspect of the post-CMOS integration of MEMS con-
cerns the connection of the MEMS with the CMOS electronics.
It is possible to in situ dope the poly-SiGe and poly-Ge films in
order to generate highly conductive films. Therefore it is pos-
sible to deposit these films directly on metal lines in order to
form the interconnection between MEMS and the lower metal
level and consequently the connection between MEMS and
CMOS electronics [3]. This technology was also demonstrated
in this study. In Figure 3 a simplified schematic illustration of

a via of poly-SiGe or poly-Ge is shown. The metal, which was
in direct contact with the poly-SiGe or poly-Ge, was titanium,
which guaranteed a good adhesion of the SiGe or Ge films

on it. The resistance of the vias were measured by Kelvin via
structures. In Figure 4, the measurement of a poly-Ge via,
which has a cross section area of 1.5 ym? and a height of
900nm, is shown. The measured value of the resistance of the
via amounts to approximately 240 Q at a current of 5 mA.
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Figure 4: Via resistances of a poly-Ge via at different cur-
rents. The via has a cross section area of 1.5 um? and a
height of 900 nm.

Conclusion and prospect

With the successful fabrication of capacitive pressure sensor
structures and vias of poly SiGe and poly Ge on metal, it was
demonstrated, that the integration process based on the low
temperature PECVD deposition of in-situ doped poly-SiGe and
poly-Ge films is very promising for the post-CMOS integration
of MEMS-structures. Therefore it is an interesting method

to produce smart sensors and actuators, which can be more
compact and can have more functionalities and smaller sizes.
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The area of biosensors lies at the interface of physic sciences, technology development and biology.

Bridging the knowledge and know-how together will enable biosensor systems which will provide not only

sensitivity, selectivity and reliability but also portability at reasonable costs. Micro Electro Mechanical

Systems (MEMS) are producible on a large scale, easily fully integrated and can provide rapid responses

(1). They are superior to comparatively bulky and expensive laboratory equipment such as enzyme-linked

immunosorbent assays (ELISA). Integrated MEMS can provide results through direct electrical measure-

ment and do not require fluorescence testing. Therefore, they can bring the analysis closer to the end

user allowing Point of Care Testing (POCT).

Aims of the project:

The UniHealth project aims at developing a label-free
biosensor prototype for POCT. The first application is the
detection of allergens in foods. The gluten protein has been
chosen because 0,7 to 2 % of Europeans are affected by the
Caeliac Disease that generates inflammatory reactions of the
digestive system in the presence of gluten. Another allergen
is the papain protein present in exotic fruits such as papaya
and kiwi. The sensor will be able to tell if foods contain low
enough concentration of allergens therefore if they can be
consumed by the allergic user.

The second application concerns the detection of the anti-
angliosid antibody that reveals the Guillain-Barré syndrome.
It is an autoimmune disorder affecting the peripheral nervous
system that can cause paralysis. It has an incidence of 1 or

2 persons per 100 000. This biosensor system will be used by
doctors in their surgeries or in hospitals.

Sensor system:

The complete sensor system will consist of three parts. Firstly,
a preparation step is needed to convert the sample to a liquid
form. A device will be developed or adapted from an existing
product that will shred, filter and mix the sample with a buffer
solution. In this way the user will be able to analyse a wide
range of food samples. Secondly, a device will be developed
that will contain the microfluidics necessary to handle the
liquids (such as pumps, tubings and micro-channels) as well as
the measuring and communication circuits. It will be coupled
to a handheld (for example a smart phone) or a computer.

The calculation and display of results will be carried out by a
program developed on the corresponding operating system.
Finally, a remorable cartridge comprising the functionalised
sensor arrays will be inserted for the measurements.

Principle of operation:

The natural resonance frequency of a circular membrane can be
expressed as a function of material properties and dimensions (2).

podost [E 102 ¢ [TE
2w d? 120-v)p Jmw d 12(1-v)m

Where f, is the natural resonance frequency of the membrane,

E the Young modulus, v the Poisson coefficient, p the density
of the material and m its unloaded mass. The dimensions t
and d are the thickness and diameter, respectively. From this
formula, it is derived that a shift in mass Am induces a shift

in frequency Af proportional to the added mass. In addition,
replacing m and f,, it follows that the mass sensitivity R is
strongly dependent on the diameter (R « d**) but independent
of the thickness.
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UniHealth - UNIVERSAL SENSOR
SYSTEM FOR THE DETECTION OF
ALLERGENS AND BIOMARKERS

The operation principle of the sensor relies on this resonant
sensing. The sensor element consists of a free-standing poly-
silicon circular membrane that can be electrostatically actuated
and a selective layer on its surface. This layer will capture only
one specific analyte (one of the above-mentioned molecules).
In presence of the analyte, the resonance frequency will shift
due to the captured additional mass. The membrane and the
bottom substrate electrode form a capacitance whose value
varies with the deflection of the membrane. Figure 1 illustrates
the schematic cross section of the sensor. An integrated circuit
measures and analyses the resulting signal. The element and
circuits are produced using the IMS pressure sensor 1,2 pm
technology and the surface is functionalised by several post-
processing chemical steps.

Figure 1: Schematic cross section of the sensor. The poly-sili-
con membrane is depicted in blue and the bottom substrate
electrode in yellow. The sensor is excited with a sine signal
with an offset.

The surface functionalisation will be performed with
expertised collaboration partners as the Radbout University
Nijmegen and the Wagenigen University within the framework
of the UniHealth project.

Proof of concept:

To demonstrate the principle of operation, silicon dioxide
bumps of different sizes have been deposited onto individual
membranes by Focused lon Beam (FIB). The size of the bumps
has been measured and thus the added mass could be
estimated. A 6 x 6 x 1 pm3 SiO, post deposited in the center
of a membrane surface is shown in figure 2. It corresponds to
a mass of approximately 93 pg.
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Figure 2: Optical interferometry image of a SiO, post
deposited in the middle of a membrane of about 96 um in
diameter.

The membranes have a diameter of about 96 um, are 1 ym
thick and have a mass of about 20 ng. The smallest added
mass represents less than 0,1% of the membrane mass. The
sensor chip is mounted in a ceramic package that is then con-
tacted to the actuation and measurement equipment through
a printed circuit board. The experimental set-up is shown in
figure 3. The sample is placed in a chamber that has several
inlets for an external pressure monitoring and electrical cabling
to the sensor. It is possible to measure in vacuum conditions.
The deflection of the poly-silicon membrane is measured

Interferometry
microscope objective
Electrical
actuation and

output Vacuum chamber

containing the
sensor chip

To pressure sensor

E o To vacuum pump

Figure 3: Measurement set-up for the proof of concept
experiment showing the sample chamber with the inlets
for electrical actuation and pressure monitoring. The inter-
ferometry microscope measures the deflection of the mem-
brane through a glass window.
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through a glass window by optical interferometry while the
frequency is scanned. The sensors are actuated by a sinusoidal
signal of 3V amplitude.

Figure 4 shows the deflection vs. frequency measurements for
four membranes at atmospheric pressure. It is observed that
the additional mass induces a shift in the resonance frequency
peak. The resonance frequency lies around 2,5 MHz.
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Figure 4: Deflection amplitude as a function of frequency
of 96 um membranes with different silicon oxide masses de-
posited by FIB. The deflection has been measured by optical
interferometry at atmospheric pressure and the excitation is
a sinusoidal signal of 3V amplitude.

The resonance frequency in function of the added mass values
is depicted in figure 5. The sensor membranes exhibit a mass
sensitivity of about 680 Hz/pg when the data is linearly fitted.
This is promising since it is exceeding the published theoreti-
cal value of 30,2 kHz/pg for 18 um diameter membranes
resonating at 18 MHz (3). Indeed, taking into account the
dependence of the sensitivity with the diameter and assuming
the material is the same, the equivalent sensitivity would be
37 Hz/pg for a 96um diameter membrane. In addition, the
membranes produced by the IMS 1,2 um technology have
the advantage of operating at lower frequencies, requiring

less operating voltage and the sensors can be monolithically
integrated with read-out circuitry.
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Figure 5: Extracted resonance frequency in function of the
added mass.

Conclusion and outlook:

The utilisation of resonant sensing and the Fraunhofer IMS
pressure sensor membranes as a signal transducer shows
promising results for bio-sensing applications. In addition,
the MEMS structures can be mass produced using a CMOS-
compatible process thus providing the wished integration of
measurement and signal processing circuits. Furthermore, it
can be used as a biosensor platform since different surface
functionalisations, applied after the semiconductor fabrication
steps, can provide the selective recognition of biomolecules
such as allergens or biomarkers.

The next steps of the project are to demonstrate the operation
with electrical measurement and in fluids. Then functionalised

surfaces will be used to verify the effect of the binding of the
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target molecules. Finally, the sensor element will be integrated
in a resonator circuit that will output the real-time resonance
frequency.

This work is co-financed by the INTERREG IV A Germany-
Netherlands programme through the EU funding from the
European Regional Development Fund (ERDF), the Ministry
for Economic Affairs, Energy, Building, Housing and
Transport of the State of North-Rhine Westphalia and the
Dutch Ministry of Economic Affairs and the Province of
Gelderland. It is accompanied by the program management
Euregio Rhein-Waal.
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Since the institute’s foundation in the mid 1980's the scientists at the Fraunhofer IMS have been dedicated
to furthering the evolution of CMOS electronics and CMOS process technology. Following this tradition of

innovative, leading-edge research, Fraunhofer IMS in 2009 became one of the founding members of the

High Dynamic Range Low Noise (HiDRaLoN) project. Together with 15 partners from leading institutions

across Europe, Fraunhofer IMS is currently working to establish a new generation of high dynamic range

imagers catering to a multitude of applications. Covering fields like novel X-ray and computed tomography

imagers, HD broadcast camera chips, lenses and correction algorithms as well as machine vision systems and

3D imaging systems, HiDRaLoN will push the limits of available CMOS imager technology to a new level.

1. Project overview

1.1. Project goals

Currently different driving forces can be identified on

the CMOS imager market. For example high definition
camera systems are constantly pushing the requirements for
imager resolution and readout speeds. In addition, emerging
technologies for 3D applications call for sub-pixelation and
lenticular lenses on top of the imagers. Furthermore, industrial
automation applications require advances in dynamic range
to be able to cope with adverse lighting scenarios. Hence,

the most urgent needs of the industry can be boiled down to
a miniaturization of the pixel cell at a simultaneous increase
of the pixel performance and the in-pixel signal processing
power. Although the details of custom implementations for
certain applications may differ, high dynamic range and low
noise are always of key importance at any stage in the imager
design and evaluation cycle. Thus, combining the research
efforts and experience of many of Europe’s major imager
designers, HiDRaLoN aims at generating mutual benefits in
terms of pixel and imager technology, modeling of electrical
and optical crosstalk and correction algorithms.

With these considerations in mind the HiDRaLoN consortium
has set a number of project goals to be reached within the
three year project duration. First of all the efforts are focused on
improving the dynamic range of CMOS imagers up to 120 dB
whilst cutting their noise by 50 per cent and still maintaining
crucial properties like resolution, sensitivity, low image lag and
high quality. Reflecting the aforementioned wide range of
target applications, sub-clusters among the project partners

have been established in order to develop a total of five
custom imagers for the medical, broadcast, 3D vision, machine
and industrial vision segments. At the end of the project three
imagers will demonstrate the improved performance in the

3D vision, medical and broadcast markets. The project work is
rounded off by detailed work on imager and lens defect cor-
rection algorithms as well as interconnect and system design
studies.

1.2. HiDRaLoN project organization

As illustrated in Figure 1, the HiDRaLoN consortium incor-
porates eight European companies, who are active in the

field of imager or camera design. Apart from these industrial
partners, five research institutes and universities as well as one
corporate research center are also involved in the project (see
Figure 2). The close collaboration of all partners guarantees

a high degree of know-how exchange via regular meetings,
reporting cycles and a constant supervision by both public
funding authorities and the Catrene office.
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Figure 1 Overview of the industrial partners of the HiD-
RalLoN consortium.
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Figure 2 Overview of the HiDRaLoN research and university
institutions.

One special feature of the project is that, due to its high
impact and visibility, it has attracted over 10 European compa-
nies to the adjoined user group. These companies are seeking
to secure their position in their respective markets by having
regular exchanges with the project partners and by having
direct access to the project results.

Within the project Fraunhofer IMS coordinates all specification,
benchmarking and modeling work. Furthermore, the institute
also holds an unique position among the partners as it is the
only institution which maintains a CMOS production facility
and can therefore cover all project phases from design and
simulation to chip production and assembly in-house.
Regarding the research activities in HiDRaLoN Fraunhofer IMS
is mainly involved in the area of 3D vision imagers for automo-
tive, logistics, safety/security and entertainment applications.
The following section will present a general overview over this
imaging concept and the related detector technology.

2. 3D Time-of-Flight imaging

2.1. Introduction

Due to increased level of automation in modern fabrication
and logistics chains as well as in driver-assistance systems for
automotive applications and in controller-free human-computer
interfaces, 3D range measurements are quickly gaining ground.
To address these needs Fraunhofer IMS propagates a measure-
ment approach based on pulsed laser light, which, similar to
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Radar or Lidar applications, is reflected from a distant object
and thus allows the determination of the object’s position
relative to the observer. However, as it relies on an active
measurement method with a pulsed laser beam, this concept
can circumvent limitations present in continuous-wave laser
illumination systems or in fully passive 3D vision methods like
stereoscopy. In detail, the hardware requirements of pulsed 3D
Time-of-Flight (ToF) devices are significantly lower compared
to stereoscopic systems, as only one camera with a simple
laser diode setup and only very little CPU processing power
are required. The advantages of 3D ToF measurements with
pulsed laser light over continuous-wave illumination lie in the
non-ambiguous range information, the inherent background
light suppression and the easier compliance to eye safety
regulations. The last point is based on the fact that the invis-
ible IR-laser beam, which, albeit being quite powerful, is only
active for a few dozen nanoseconds and therefore does not
harm the retina.

2.2. Technological advances

In spite of the rather simple 3D ToF principle, which is basically
only a runtime experiment, regular photodetector elements
are unsuited for 3D ToF measurements. The cornerstone of

a distance measurement with pulsed laser light is the speed
of the photodetector element. Here speed does not only

refer to the time it takes for the generated charge carriers

to reach the readout node but also to the ability to almost
instantaneously switch between different such nodes. Figure 3
illustrates these points on a novel detector structure proposed
by Fraunhofer IMS. As shown, the so-called lateral drift-field
photodiode features a lateral doping concentration gradient
along the photosensitive area. This gradient is introduced in a
single, additional implantation step and it generates a lateral
drift-field, which quickly sweeps the charge carriers towards
the collection gate (CG).

By this means the LDPD significantly speeds up charge collec-
tion compared to regular diffusion-based photodetectors.
Figure 4 shows a measurement of the charge collection times
in different sensor structures. It is evident that under 3D ToF
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Figure 4 Indirect measurement of the charge collection time
in three different pixel structures. (T,ppp = 30 ns; Teep = 60 ns;
Tec = 120 ns).

conditions, i.e. 30 ns laser pulses at approximately 900 nm
wavelength, the LDPD surpasses the charge collection perform-
ance of an equally large photogate (PG) structure by a factor of
4 and that of a pinned photodiode (PPD) by a factor of 2.
Having explained one aspect of the speed requirements, it is
possible to address the second problem. Figure 5 illustrates the
general clocking scheme of a 3D ToF sensor operating with
pulsed laser light. Initally a laser pulse of width Tps is emitted
by the system. It then takes the light a certain amount of time
T4 to travel to a distant object and to return to the imager.

By synchronizing the readout of the detector to the emitted
laser pulse, the distance information can be obtained. This is
handled through two CCD-like transfer gate (TG) structures,
which steer the generated charges either into the floating
diffusion (FD) readout nodes 1 or 2. As shown, part of the
reflected pulse is detected in FD1 and the rest is accumulated
in FD2. The difference signal between FD1 and FD2 finally
constitutes the distance information. This fast switching re-
guirement was tested experimentally under laser illumination.
Figure 6 shows the device’s signal amplitude as a function of
the delay time T4. Considering FD1 it is evident that basically
all charges are collected in FD1, if no delay between incoming
and returning pulse is present, i.e. if the distance is zero. On
the other hand if it takes the light more than 30ns to travel to
the object and back, all charge is seen in readout node FD2,
which is also according to expectation.

Note that this measurement approach provides valuable ad-
ditional information, as it also yields a measure of the objects
reflectivity. With the ratio of FD1 to FD2 giving the distance
information and the sum of both signals determining the
reflectivity, possibly erroneous distance measurements can be
prevented.

Apart from the improvement in device speed, the proposed
concept also exhibits low noise levels. This is because the p+
implantation in the photoactive region pushes the potential
maximum away from the surface and thus limits recombina-
tion effects.
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Figure 5 Simplified clocking scheme of a pulsed 3D
ToF sensor.
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Figure 6 Time-of-Flight operation of a LDPD structure.
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Even though already the first results obtained with LDPD
structures on the test chip shown in Figure 7 look very promis-
ing, Fraunhofer IMS is also currently optimizing and evaluating
standard photodetector structures like PG and PPD for 3D ToF
applications.

3. Conclusion

With the HiDRaLoN project the Fraunhofer IMS advances its
role as one of Europe’s key centers for CMOS imaging technol-
ogy and simultaneously maintains a close connection to many
European imager designers. In the field of 3D Time-of-Flight
imaging novel technologies, which will benefit a wide range
of applications, are currently under research.

Funding
This work is supported by the German Federal Ministry of
Education and Research (BMBF) under the IKT 2020 initiative.
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Wireless energy transmission via electromagnetic waves can
be used to generate the supply voltage for micro-power ASICs
such as RFID tags or simple sensor nodes [1]. These Sensor
nodes can be used in logistics applications, for example in
temperature monitoring of products during transportation.
Delivery trucks or warehouses can be supplied with RFID
readers that generate the electromagnetic field to com-
municate with the sensor nodes of different objects. The
sensor transponders do not require a battery, but generate
the supply voltage from the antenna voltage. Therefore, the
individual nodes can be very light and cheap. The Villard circuit
(sometimes referred to as Dickson charge-pump or Greinacher
circuit) is typically used to multiply and rectify the RF voltage
from the antenna [2]. The power sensitivity P, of this circuit
is a critical figure of merit in order to reach a large operating
distance of the passively powered device. P, is defined as the
minimum input power that generates the required output DC
supply voltage for a given load current.

Figure 1 shows the chip architecture of the developed passive
sensor transponder. Beside the rectifier circuit, the ASIC
contains a modem, a clock oscillator, power-on-reset detec-
tion, and voltage limitation. The chip also includes a bandgap
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Figure 1: Architecture of a transponder with additional cir-
cuitry for temperature measurement.

voltage reference and LDO voltage regulator to generate
temperature-independent supply and reference voltages. A
digital part manages the communications protocol as well as
access to non-volatile memory. The minimum unregulated
supply voltage is specified as 1.6V to guarantee reliable opera-
tion at all process corners and temperature variation (—-40°C
to +85°C). The average current consumption is 5 pA.

The rectifier sensitivity is reduced by the forward voltage drop
of the diodes [3]. Schottky diodes are often used for their high
switching speed and low voltage drop (typically 200 mV to
400 mV). However, the substrate losses and series resistance
of these devices is not negligible without additional masks

to produce well suited Schottky diodes. Diode connected
transistors are available in every standard CMOS technology,
but their threshold voltage reduces the sensitivity. Low-V,
transistors are often available, but V, is not a precisely control-
led parameter. It is influenced by process and temperature
variations, and a negative V, is not acceptable for rectification.

An analysis [1] of the voltage conversion yields Vo, =2 n

(Vin — Varop), Where V. is the output DC voltage, n is the
number of stages, v;, is the input voltage amplitude, and Vi,
is the forward voltage drop of each rectifying device. The value
of V., depends on the output load current as well as on the
specific I(V)-characteristic of the rectifying device. In addition
to this voltage transfer characteristic, the input impedance of
the rectifier determines the power sensitivity. A quantitative
study of the input impedance was presented in [2]. The input
resistance and the input capacitance depend mainly on the
output current consumption as well as parasitic losses in bulk-
CMOS technology. In typical process technologies without
additional masks or well controlled low V,, the voltage drop
across the rectifying devices remains a limiting factor for the
operating range of passive devices [3].

Several techniques have been developed to eliminate the
effect of V, by means of gate biasing techniques [4], [5].

Figure 2 shows a single rectifier stage where the gate of the
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AN 868 MHz PASSIVE TEMPERATURE
SENSING TRANSPONDER USING A
SELF-BIASING UHF RECTIFIER WITH
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Figure 2: Rectifier stage with gate biasing in order to
eliminate the effect of the threshold voltage and resulting
I(V)-characteristic [3]

PMOS transistor is “pre-charged” with a voltage bias at one
V, below the output voltage of the stage. Correspondingly,
the gate of the NMOS transistor is biased at one V, above the
DC input. This way, the transistors act as diodes with 0 Volts
V,. NMOS transistors are used in vertical branches and PMOS
transistors are used in the horizontal branches, so that all gate
bias voltages for eliminating the threshold voltage drop are
DC signals. It has been proposed to use a microbattery [4], fer-
roelectric capacitors [5], or a secondary rectifier [3] to provide
the required biasing voltage.

Figure 3 shows the developed self-biased rectifier topology.
The first stage, the three intermediate stages, and the two
topmost stages have slightly different topologies. The output
of the fourth stage provides the supply voltage of the chip,
stages 5 and 6 remain unloaded to generate a higher voltage
for biasing purposes. In addition to the rectifying transistors, a
total of 7 no-mask-added Schottky diodes are still required, as
will be explained in the following.

48

i voctficr stuges 2384
ACEH | s ; ; £
e 3 ol £ ;*
== A,
b s I T
Testifer stge 1 ,__irplerrentation

Figure 3: Developed rectifier circuit topology

At low input voltage amplitude, the voltage at the output of
the first stage is less than one V,, so the bias voltage at the
gate of a horizontal PMOS transistor would have to be nega-
tive to effectively cancel the threshold voltage drop. A simple
remedy to avoid negative voltages on the chip is to replace
this PMOS transistor in the first stage with a medium sized
Schottky diode (contact area = 10 ym?). All NMOS transistors
require a bias voltage that is higher than the output DC volt-
age of the preceding rectifier stage. However, during the initial
start-up phase, the DC voltages have not been generated
and the biasing scheme is not in effect. Therefore, to ensure
reliable start-up of the circuit, small sized Schottky diodes
(contact area = 3 pm?) are placed in parallel to the vertical
NMOS transistors to serve as rectifying devices when the
threshold voltage drop of the transistors is not yet eliminated.
The NMOS transistors in stages 3 and 4 require a bias voltage
that is higher than the output voltage of the rectifier (DC_4).
Therefore, two additional stages (5 and 6) are implemented
to generate higher, unloaded voltages (DC_5 and DC_6) to
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Figure 4: Measured data signals during wireless communi-
cation at 40 kHz. (Digital part for ISO/EPC protocol handling
implemented on FPGA with separate power source)

iy

| ) s T e e b v
- ®- circuitin 13| _
A el CMOS Sehilky

P
=
1

2
-
I

10
=
L

T
I

oliput DC voltage ¥ A5

=
1

T
-1 -i2 -1l -t £
inpul poveer ! Aditar

Figure 5: Comparison of the measured output voltage for
the conventional Villard circuit, the circuit presented in [3]
(measured), and the proposed circuit
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Figure 6: Measured output voltage for different load currents

supply the biasing circuits for the NMOS transistors in stages

3 and 4. Stages 5 and 6 are implemented without transistors
in the vertical branch, because the required biasing voltage for
NMOS devices would be higher than the top voltage DC_6.

The biasing circuits are connected to different DC terminals
in the rectifier stack in order to minimize the voltage drop
across the resistors. This way, the resistor size can be reduced
without significantly increasing the load current. For example,
the biasing circuit to generate the gate voltage of the NMOS
transistor in the third stage is connected between terminals
DC_5 and DC_2. The bias voltage is set to be higher than
DC_2 by one V,, so it is almost as high as the potential at
node DC_5. Therefore, the voltage across the resistor is close
to zero, and the current through the biasing branch is almost
negligible when all capacitors are fully charged during “steady
state” operation.

The measured IC (figure 7) contains the complete analog
part of the sensor transponder with the presented rectifier
circuit. The chip area is 1.7 mm x 1.3 mm including the pads.
A large part of this area is used for capacitors to achieve
sufficient PSRR of the regulator and the references during
temperature measurement. Figure 4 shows the measured
data signals during wireless communication. Figure 5 shows
the rectifier output voltage as a function of the input power
for the proposed circuit, as well as for the rectifier presented
in [3] and the conventional Schottky diode approach. All
three circuits were fabricated and measured in the same
CMOS process. The proposed circuit presents a sensitivity
improvement of 4 dBm compared to the conventional circuit
and generates a significantly higher output voltage than the
circuit in [3]. The measured current consumption is 3 pA
(without the digital part) at 1.6 V, in agreement with simu-
lation. Figure 6 shows the measured DC output voltage as a
function of the load current. The achieved power sensitivity
of the presented IC is still lower than some reported

values for non sensor RFID tags [1]. This is due to the fact,
that the sensor node requires significantly more power
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Figure 7: Photograph of the presented test chip with the
complete analog part of the sensor tag and the developed
rectifier

(1.6 Vx5 pA =7.5 pW, including digital) than simple RFID
tags (1 Vx 1 pA=1pW, [6]).
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Combining standard CMOS wafers with additional processing
steps allows the creation of Micro-Electro-Mechanical Systems
(MEMS), which extend the functionality of the chips from
electronic circuitry to direct sensor and actuator functions.

A sensor function that can be realized with such additional
processing is the detection of infrared radiation (IR) in the 7
to 14 ym range. This function cannot be achieved in CMOS
structures alone for these longer wavelengths, which are used
in thermal imaging applications.

Using an array of MEMS structures (see the article "Thermally
isolated monocrystalline silicon diodes as detectors for micro-
bolometers" in this issue for an example) as IR sensor pixels,
an IR imaging sensor can be constructed, very much like the
conventional imaging sensors for visible light. The sensor ele-
ment consists of a temperature-dependent resistor suspended
above the chip surface on two supports. These supports
provide a high degree of thermal insulation, so that the
resistor's temperature is determined by the arriving infrared
radiation. The resistor's temperature-dependent resistance
therefore provides a means to convert the level of incoming IR
into an electrical signal.

Conventional IR image sensors of this type have followed the
same general lines as visible light image sensors. Those sensors
are wholly built using CMOS technology (or, equivalently, CCD
technology), with a pixel consisting of a sensor area (silicon
diode), an integrating capacitor and a switch to connect to

an output amplifier or a video ADC. While the IR pixel does
not need the diode (its sensing element is the MEMS resistor),
but integrating capacitor and the switch are still present. The
output amplifier or video ADC usually is realized once for the
whole array, with a hierarchy of row and column switches
sequentially connecting it to each pixel.

This kind of architecture has several drawbacks: The output
amplifier or ADC have to operate at high speeds, as the pixel
rate at the output approaches 10Mpel/s for arrays with VGA
resolution (640*480 pixels), while providing a resolution of

16 bit or better. These devices run at a high power level and
constitute a "hot spot" on the chip, which can degrade the
performance of nearby pixels. All signals from the individual
pixels to the output amplifier or ADC are analog signals, so
very careful routing is required so that they are not subject to
interference.

Our new readout architecture (Fig. 1) takes advantage of the
silicon real estate under the sensing elements to implement
the ADC function, using a massive array of simple and slow
ADCs instead of one fast and power-hungry one. This not only
eliminates the hot spot, it also uses robust digital signaling to
move the image data out of the array. As it is unfeasible to
have one ADC for each pixel, adjacent pixels are combined
into clusters of pixels sharing one ADC. During the frame
period the pixels are converted sequentially, and the results are
serially shifted out through the cluster columns. One row of
cluster data at a time arrives at the edge of the array, where it
is multiplexed into a single output stream.
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Fig. 1: Block Diagram of IR Sensor Chip

For low circuit area and robustness, the ADCs were imple-
mented as Y-A ADC converters, consisting of a second-order
analog Y-A Modulator and a digital decimation filter using

a three-stage sinc filter with a programmable filter order.
With a small ADC footprint the size of the pixel clusters

can be kept small. This has two beneficial results: the time
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available for each pixel increases, improving noise reduction
due to the longer integration time. In addition, given a fixed
oversampling ratio of the >-A ADC converters, the speed of
the analog and digital circuit can be reduced. Therefore the
filter algorithm was optimized, yielding a structure consisting
of three cascaded integrators followed by rate decimation
and a 3rd-order differentiator. This structure has an added
benefit in that the filter order can be made programmable by
changing the timing of the rate decimation stage. Register
word length were minimized by considering the maximum
possible result sizes and by using modulus arithmetic. As all
ADC converters in the array are working in lockstep, all control
signals and clocks are generated centrally outside the array,
and are distributed to the converters via drivers distributed
along the edge of the array. Thus only the datapath elements
of the filter need to be located in the array.

An analysis of the area and power consumption of the data
path shows that the former can be reduced by using serial
arithmetic, at the expense of an increased power consumption
and data clock rate. A fully parallel implementation would
require more than 4 times the area of a bit-serial one, but

its power consumption is slightly below 1/3 of the bit serial
solution. We decided to optimize the area-power product of
the circuit, which resulted in using 4-bit serial arithmetic. The
power consumption now is about 50% above that of the
fully parallel case, and the area just 30% above the bit-serial
implementation area.

In order to reduce the area even further, the digital filter was
implemented using a full-custom digital design (Figs. 2 and 3).
This resulted in dramatic area reduction: while a standard

cell layout used about 90000 pm2, the full custom version
only needs slightly less then 13000 pm?2. As registers were
implemented with dynamic latches and multiplexers with
transmission gates, both using only NMOS pass transistors,
the logic high level of all control and clock signals was set one
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Fig. 2: Full-Custom Layout of the Sinc Filter Datapath.
Vertical control and power tracks in metal 3 and 4 layers are
not shown.

Fig. 3: Zoomed View of Sinc Filter Datapath. Note the use
of polysilicon as routing layer in addition to metal 1 and 2
layers.

NMOS threshold voltage higher than the supply voltage of the
digital filter. The use of dynamic latches and switch logic also
has the additional benefit of reducing the power dissipation
within the array. This is not only due to the reduced supply
voltage, but also due the reduced capacitive loads these ele-
ments present, compared with equivalent circuits implemented
as fully complementary CMOS logic.
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Testing such an array may seem to be a difficult task at first
sight, but by exploiting the structure of the filter circuit it was
quite simple to integrate powerful test support with very little

overhead. As the data registers are organized as segmented
serial registers, the implementation of a full scan path actually
is straightforward and has very little overhead. Most of the
circuitry needed is also used for the serial reset scheme that
initializes the filter before the start of a new conversion, so
that only 12 NMOS transistors are needed to implement

4 parallel scan chains in each filter. The scan chains of the
clusters in column are connected in series, so that scan data
enters the array on the top and leaves on the bottom. The

4 parallel scan chains in each column can be selected for test,
or operated in parallel with the same set of input data. In

the latter case, comparators in the row multiplexer block can
compare the output of 4 reference scan chains with the scan
chain outputs of the other columns. The combined output of
the comparators is available, together wit the reference scan
chain data, at the device pins. This scan test/BIST combination
reduces scan test time by almost two orders of magnitude. In
addition, a true BIST mode was implemented for a functional/
at-speed test of the filters. In this mode, a programmable
digital >-A modulator in the state-machine block supplies all
filters with a Y-A data stream, replacing the data from the
analog modulators. As all filters run in lockstep, all results
must be the same. Like "real" results they are shifted out to
the row multiplexer, from which they are transported to the
device pins for testing. Alternately, they can be compared like
scan test results, providing a means of in-system test.

Implementing the digital filter of the Y-A ADC as a highly
optimized full-custom layout allowed us to integrate several
thousand ADCs on a single chip. It reduced power require-
ments by almost an order of magnitude, making self-heating
of the chip negligible. Leveraging the power of full-custom
design comes at a cost: the design time for the filter function,
less than a week for an HDL-based standard cell design, was

close to 10 weeks for the full custom design. A very careful
assessment must be made before committing to a full-custom
design, as it has severe impact on design time and cost. In our
case, it was simply indispensable to meet the project goals.

The presented work is part of project “FIRKAM" funded by

the German “Bundesministerium fir Bildung und Forschung
BMBF".
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The subject of the cooperative project »SmartForest« funded by the Bundesanstalt fir Landwirtschaft und

Ernahrung (BLE) is the application of transponder technologies and wireless sensor networks with the

objective of contributing to the efficiency of silvicultural processes. The project focuses on two aspects:

the concept development and application of long-lasting tree labelling tool and the development and

implementation of wireless sensor networks for long-term forest monitoring at high spatial and temporal

resolution. The cooperation partners are the Leinemann und Hosius GbR (ISOGEN), the MUL Services
GmbH and the Nordwestdeutsche Forstliche Versuchsanstalt (NW-FVA).

Tree labelling with RFID

A wide variety of labelling options is available for immediate
identification like colour marking and labels made of metal,
plastic or paper. Over time, however, many of them may
have been removed, damaged or destroyed due to weather,
growth or vandalism. To solve this problem, the ideal solution
would be to hide the identification marker in a place where
time and environment will have minimal effect on system
robustness. The solution pursued in the project is to embed
RFID tags at the trees and retrieve the identification numbers
via a tree-penetrating RF signal. A battery is not present
within the RFID tag; instead, energy is received wirelessly from
an antenna connected to a handheld reader. Remote and
on-demand power transfer allows the tags to remain hidden
behind the tree’s bark indefinitely, a considerable advantage
toward maintaining longevity and reliability for this type of
identification marker.

Tree labelling at this level carries with it some unique ap-
plication requirements including the need for a relatively

long range (more than 50 cm) and small tag sizes coupled
with durability to large variations in wood, moisture, and
biochemical content in the path between the RFID tag and the
reading device. Furthermore, economical aspects are of some
importance not only in terms of RFID tags but also in terms of
the processes involved.

With respect to the aforementioned requirements project
work has focused on the choice of components (i.e. RFID
tags, reader, etc.) and the development of dedicated software
components (i.e. reader application, system architecture). This
work has been carried out by the project partner MUL Services
GmbH. As a matter of course extensive field tests have been
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performed by the NW-FVA and ISOGEN in order to validate
the concepts developed and to investigate the interaction of
entities of interest. For that purpose around six hundred RFID
tags have been attached to seven forest species in various
forestry districts.

The results of the field tests showed among others that the
amount of time for the installation of RFID tags corresponds to
the amount of time needed for traditional methods like colour
marking. Furthermore, it turned out that the robustness of the
selected devices do meet the requirements and constraints.

As a matter of fact, it is impossible to draw final conclusions
regarding the long-term readability and durability (in terms of
tens of years). However, process improvements are achieved at
this stage of development by implementing a seamless flow of
information.

Wireless sensor networks for long-term monitoring
Wireless sensor networks provide the ability to measure and
record information about the natural environment at high spa-
tial and temporal resolution such as, for instance, long-term
monitoring of dynamic phenomena like soil water content,

air temperature, air humidity or leaf humidity in small forest
areas. Although the supporting communication technologies
for low cost, low power wireless networks wireless sensor
networks have been greatly improved in the past decade,
there are still some research and design aspects remaining, in
order to ensure a long-term unattended operation of a sensor
network. Furthermore, in forest areas energy harvesters are
suitable in a restricted manner only. Hence, the main objective
of this particular project has been to improve the operation
time of battery powered sensor nodes.
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Various components affect energy consumption of sensor
nodes (e.g. electronic components, protocol stack and applica-
tion software). Whereas off-the-shelf electronic components
have been used, development efforts have been focused on
adjusting software components in terms of minimizing in
network communication. In a sensor network, sensor nodes
communicate with each other through short-range radios at
least with those nodes being in the radio range. In monitoring
applications, all sensor nodes are sources, sense environment
and transmit sensed data to the sink periodically. In addition
to sensed data, each node must transmit other node's data to
the sink.

In network communication is mainly affected by the protocol
stack providing connectivity within the network. A dedicated
protocol stack, enhanced in this project and based on
IEEE802.15.4, ensures connectivity and coverage with respect
to the reliability of transmission while allowing the sensor
nodes to operate in an energy efficient manner (i.e. low duty
cycle).

Field tests have been carried out at the Gottinger Wald site in
co-operation with the NW-FVA to evaluate aspects of lifetime
and reliability in a silvicultural environment. Sensor nodes
have been deployed in the test area equipped with sensors to
measure soil moisture, air temperature, air humidity and leaf
humidity. In order to monitor actual network status, beside

sensed data additional data have been transmitted represent-

ing network topology, number of transmissions or battery
health.

The sensor nodes were powered by low-cost alkaline batteries.
Their service life is decreased as they are discharged at low
temperature, like in the period from December 2009 to March
2010 at the test area. The sensor network has performed
flawlessly even under these environmental conditions.

Conclusion

The results from this cooperative project show that the
utilisation of electronic components in forestry provides the
opportunity to improve processes involved in terms of infor-
mation retrieval and information management. RFID-based
tree labelling enables long-term data access as compared to
traditional methods which is of some relevance in terms of
forest genetic resources. An adapted wireless sensor network
technology allows long-term monitoring of phenomena like
soil moisture, along with high spatial and temporal resolution
while operating unattended.

55



Abstract

The use of sensor-transponder technologies particularly in medical applications opens valuable possibilities
in therapy of human cardiovascular system diseases, e.g. cardiac insufficiency. The application presented
here is representative for future applications, where the use of miniaturized passively-powered sensor-
transponder systems with high read range is relevant. In the past, loadmodulation was developed as a
simple technique to transmit data from low-cost ID-transponders to a reader. This technique can be con-
sidered as suboptimal for the given challenges in the presented medical and other possible high-demanding
applications. Higher read ranges and small antenna dimensions are necessary. In consequence new tech-
niques, especially for data transmission, have to be developed. First of all, the limitations of the load-
modulation technique are analyzed. Conventional solutions are then discussed. It is shown that existing
solutions could not be used for this specific and future applications. A new data transmission technique
called “frequency conversion” is presented. This technique allows data transmission over a greater dis-
tance. Measurements in a practical implementation verifiy the performance of this technique.

I. INTRODUCTION
Medical studies have shown that the treatment of cardiovas-

It will be shown that the presented and future applications
are not feasible with these transponder systems. Figure 1

cular diseases could be significantly improved by a continuous ~ shows a sensor-transponder system for medical applications.

monitoring of physical parameters, deep inside the human
body, including blood pressure and temperature. Due to the
impossibility of a local battery as power supply, the use of
so-called passive transponder systems is of special interest. In
the past several RFID-transponders with attached sensors have
been developed [1][2][3]. These transponders work with state
of the art transmission techniques, such as load-modulation.

Chip

Receiver

Fig. 1. Sensor transponder system for medical applications

56

The reader is located outside of the body. It emits a magnetic
field to provide power to the transponder. In state of the art
transponder systems, load-modulation is used to transmit
data from the transponder to the reader. Thereby a switchable
resistor R is connected as a load to the resonant circuit Ly and
G In consequence, the idle current and further the magnetic
field strength at the transponder can be changed. This change
can be detected at the reader antenna by a receiver. In
practice this change is relatively low compared to the field of
the reader and noise.

In the presented application the transponder’s dimensions
should allow catheter-implantation. Consequently, antennas
with the shape of a stick and only a few millimeters in size

are required. Transponders with additional sensors consume
significantly more energy than simple ID-transponders. The
maximum possible distance between the reader and the
implanted transponder has to be considered, e.g. to make
such a system suitable for corpulent patients. Data transmis-
sion has to be possible over the required distance and with the
necessary data rate. To make a medical diagnosis reliable, the
transmission has to contain information about the pressure
progression of heart beats.
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In transponder systems the so called energy range and data
range can be distinguished. The energy range characterizes
the maximum distance, where the transponder can be
provided with enough energy to work. Whereas the read
range characterizes the maximum distance, where the reader
could receive the transponders data signal. Usually simple
ID-transponder systems feature the disadvantage of a much
smaller read range than the energy range. Nevertheless for
this and similar future applications, the energy supply and
data transmission have to be possible over distances of 40

cm at least. Nowadays there are no systems that meet these
requirements.

Preliminary studies [4] have shown, that a sensor-transponder
and its corresponding antenna with the required size, can

be provided with enough energy at a maximum distance of
40 cm. Thereby optimized antennas were used. In considera-
tion of the human body and antenna loss effects, a frequency
was found where the best results could be achieved. The data
transmission has to be realized under these conditions. In the
next sections the limitations of conventional techniques will
be discussed. It will be shown that with the given conditions,
data transmission is not possible with existing techniques. This
paper discloses a new transmission technique, that makes a
data transmission possible at the required distance.

Il. PROBLEM INVESTIGATION

The read range is limited by several factors: the magnetic
coupling between the antennas is very low. This causes a small
signal strength at the reader antenna. Hence, the sensitivity

of the receiver limits the read range. Furthermore the voltage
amplitude caused by the generator at the reader antenna is
relatively high compared to the transponder signal. This makes
signal processing difficult. Noise of the power amplifier is also
much higher than the transponder signal. If the SNR (Signal

to noise ratio) drops below a minimum, a decoding of the
transponder signal is not possible. Moreover man-made noise
and antenna movements disturb the data transmission as well.
Detailed considerations will be given in the next sections.

A. Transfer function

The transfer function is needed to analyze the transmission
channel. From it the expectable signal strength and channel
characteristics can be obtained. In order to derive the transfer
function the equivalent circuit shown in figure 2 is used. The
variation of the voltage over the resonant circuit caused by the
modulation resistor R can be modelled by a voltage source Vi
The transmission channel itself is represented by a transformer
equivalent circuit. Losses are represented by Rz and R; The
generator is represented by its inner resistance RG. The trans-
fer function % can be obtained by solving the Kirchhoff's
mesh-law. The result is a first order band-pass function. The
transfer function can be derived using the parameters deter-
mined in [4]. The parameters are L = 409nH, Rz = 9.8 mQ,
C=1:1nf, Ry =2.4 Q. The result is shown in figure 3.

Reader

Fig. 2. Equivalent circuit of the load-modulation transmission
channel

Transfer ratio

i L L i i L Il L i i
85 655 B6 665 67 675 B8 885 B9 685 7
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Fig. 3. Evaluation of the transfer function
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A DATA TRANSMISSION TECHNIQUE
FOR PASSIVE SENSOR-TRANSPONDERS
IN MEDICINE
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Fig. 4. Equivalent circuit used for simulation

By switching the load resistor R, an amplitude shift keying
modulation is produced. In the frequency domain, upperand
lower-sidebands appear. The generator signal, transmitted
from the reader to the transponder, acts as a carrier for data
transmission in the opposite direction. A 13 kBit/s manchester
coded signal has baseband frequency components at 26 kHz.
At the corresponding sideband frequencies, the transfer ratio
is about 196 - 10, In case of a modulation voltage of 1V at
the transponder side about 200 pV is reached at the reader
antenna. In comparison to the sensitivity of common receivers
that is about 1 pV, this value is high enough. Therefore, the
sensitivity is no limitation here.

B. Noise Sources

Several noise sources exist in a transponder system. The trans-
ponder signal is disturbed by noise-voltages and -currents.
The noise sources are in the frequency generator, the power
amplifier, the antenna and in the receiver.

The power amplifier adds additional noise. This noise consists
of shot noise caused by pn-junctions and Johnson-noise
caused by resistors. Thereby the mean square voltage at the
receiver is of interest. The mean square voltage produced

by a conventional power amplifier (noise figure 16 dB) was
measured as 2.3 mV. The gain of the parallel resonant antenna
circuit causes an amplification of the noise near to the reso-
nant frequency. The spectral noise density Vs is composed of
voltage and current noise densities. Thereby the noise voltage
of the source is multiplied with the system gain.

With the help of a spice simulation, the mean square noise
voltage can be estimated. The result is shown in figure 4. A
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spectral shaping of the white noise input can be seen. The
noise density is maximal near to the generator frequency. The
mean square noise voltage can by obtained by integrating

the noise density over the receivers frequency area. With a
bandwidth of 100 kHz, which is necessary for a 13 kBit/s man-
chester coded signal, a mean square noise voltage of 115 mV
is reached. This value is several orders of magnitude higher
than the transponder signal voltage, which is about 200 uV.
The noise of the antenna is only caused by the real part of the
impedance and could be estimated by the following formula [7]:

Eu = JARTREF= 222
JHz

with k = Bolzmann constant, T = absolute temperature and R,

= real part of antenna impedance. With a receiver bandwidth of

100 kHz an effective noise voltage of 630 nV is reached.

It could be said, that the power amplifier is the dominating

noise source in the system and determines the SNR.

C. Distortion

Beside the unwanted noise, there are other disturbances

that complicate the decoding of the transponder signal. A
detuning of the reader antenna causes a displacement of the
transfer function in the frequency domain. This detuning could
be caused by changing the distance between the antennas.
As can be seen in figure 3 the transfer function is shifted to
higher frequencies in presence of a higher mutual inductance.
Since the demodulation is done synchronous to the generator
signal, the shift appears also in the baseband. In consequence
the baseband transfer function is no longer a first order low
pass. The transponder signal is distorted. This effect is notice-
able by a overlaid oscillation of the transponder signal. The
beat frequency correlates to the detuning.

If the transponder is implanted near to the heart, it will

move in rhythm with the heart beat. The mutual inductance
between the coils depends on the orientation of the coils to
each other. Because of that, the voltage damping over the
reader antenna will vary as well. This variation is appreciable in
the basebandsignal as a beat.

Fraunhofer IMS Annual Report 2010



D. Signal to Noise Ratio

The SNR is a measure that describes the quality of the signal.
If conventional load-modulation is used, and considering a
40 cm distance, the SNR can be calculated as follows:

2
Verr ~10 log (141 V)

SNR=10/og v —(115m\/)2

=-58.2dB

Thereby a manchester coded signal with 13 kBit/s is assumed.
Usually a SNR of about +10 dB is needed to get an acceptable
BER (bit error rate). Data transmission with conventional load-
modulation is not possible here.

E. Limitations to Load-Modulation

Conventional load-modulation has several disadvantages that
lead to a reduction of the read range. As described in the
previous chapter, the SNR is too low for a data transmission
at the required distance. The sideband signal produced by
loadmodulation has a spectral distance to the carrier signal
equal to the data rate. As can be seen in figure 4 the spectral
noise power increases in the proximity of the carrier signal.
The small spectral distance of some kilohertz also makes
filtering impossible. Amplitude variation of the carrier signal,
caused by detuning or antenna movements, superposes the
data signal irreversibly and increases decoding complexity.
Moreover load-modulation wastes energy in the transponder.
During the modulation phase the modulation resistor R is con-
nected to the resonant circuit. The energy that is stored inside
the resonant circuit is transformed to heat and can not be
used anymore. Better results could be achieved, if the spectral
distance between the readers signal and the data signal could
be enlarged.

11l. NOVEL APPROACH

In the preceding section it was shown, that no existing data
transmission technigue complies with the requirements.
Hence, a new transmission technique has to be found. An
essential improvement could be done, if a transmission signal
with an own freely selectable carrier frequency could be

generated, and not affected by the envelope function of the
transponder resonant circuit. Hence a frequency could be
chosen were the spectral noise density of the power amplifier
is low. Moreover, with a higher spectral distance to the carrier,
filtering could easily be used to suppress the unwanted carrier.
Furthermore it would be an advantage, if no additional energy
were necessary to generate the transmission signal.

A. Frequency Conversion

The solution is a technique, from now on refered as frequency
conversion. During the modulation phase at load-modulation
technigue, energy stored in the resonant circuit of the tran-
sponder is converted into heat by the modulation resistor. The
proposed frequency conversion technique in contrast, uses
this energy to generate a transmission signal at a separate
frequency instead. Figure 5 illustrates this technique. A sensor-
transponder system designed according to this technique is
shown. With the help of a separated antenna a field is gener-
ated (e.g. 13.56 MHz). This field is used to transmit energy to
the transponder. This energy is stored in the resonant circuit of
the transponder until the voltage amplitude over the resonant
circuit has reached its maximum, thereafter no active power is
needed anymore. Only a small part of the whole power is used
to supply the transponder circuits. A special circuit enables the
antenna to oszillate at another frequency. Consequently, a
field with a separate frequency is generated. A field frequency
of 10.7 MHz, where good filters are available, or an ISM-Band

|Fieldgeneration

Transmit-
sand
ceive-
antennas

Effective Power

Z
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Freguency-
conversion

Datasource Cading

Receiver

Fig. 5. Transponder system with frequency conversion
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frequency could be chosen. The amount of energy transfered
to the second frequency can be adapted to the requirements
of data rate and energy consumption. The generated data
signal could be received by a separated antenna, tuned to the
corresponding frequency at the reader, by a gradient antenna
[10], or by a novel antenna design developed for that purpose.

B. Comparison to Load-Modulation

By comparing with the load-modulation technique, the advan-
tages of the new approach will become clear. For that purpose
load-modulation and frequency conversion were tested under
the same conditions.

Figure 6 shows the voltage over the transponder resonant
circuit using load-modulation in frequency domain. The
loadmodulation implicates upper- and lower-sidebands in the
spectrum. These sidebands are symmetrical around the carrier
frequency generated by the reader, as shown in figure 6. At
the reader side, the sidebands are under the noise floor.

The generated signal in frequency domain using frequncy
conversion is plotted in figure 7. A signal with an own carrier
frequency of 10.7 MHz is generated.

C. Energy Balance

For energetic aspects two factors need to be considered: the
generation efficiency of transmission signal as well as negative
impact in the energy supply of the transponder chip. In frequen-
¢y conversion the received energy is directly used in the antenna
resonant circuit to generate a transmission signal. Hence, no
energy is lost in rectifiers, amplifiers or any energy storage as
happens in conventional techniques (cp. 8 (b)). Therefore this
technique is very efficient as illustrated in figure 8.

D. Reachable Performance

Now the reachable performance is of interest in order to make
a comparison to other possible solutions. With the help of the
energy stored in the resonant circuit and the channel transfer
function, the voltage at the receiver can be calculated. Between
the transponder antenna and a receiver antenna there is a
transfer ratio of about 3 - 1073, assuming an antenna tuned to
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10.7 MHz. The mean square value at the receiver is 2063 uV.

The mean square noise voltage can be calculated by integrating
the spectral noise density from the spice simulation in figure 4.
With a receiver input bandwidth of 300 kHz, which is necessary
for such a signal, a mean square noise voltage of 1500 uV is
reached.

The SNR can be calculated:

(2063 uVy? _

SNR=10log (1500 4Vy =+2,77 dB

A value of 2.77 dB corresponds to an improvement of

60.97 dB compared to load-modulation technique (-58.2 dB).
Together with a matched-filter a ratio of about +17.77 dB is
possible. This value is over the minimum of +10 dB and leads
consequently to an acceptable BER.

IV. EXPERIMENTAL EXAMINATION

An experimental measurement shall show, that frequency
conversion technigues enables data transmission from a deeply
implanted sensor-transponder. To create a substitute that simu-
lates the electric properties of the human body, a phantom
substance was prepared. A test transponder was realized with
an analogue frontend working with frequency conversion.

In the reader a software defined radio shown in figure 9 was
used to receive the transponder signal. The receiver consists of
an analogue band-pass filter, an ADC, a mixer and a matched-
filter. The main goal of the experiment is to measure the
achievable SNR after the mixer over the distance.

In the next section the achievable SNR will be measured.

Malched-
Fliter

Band-Fass Filter Windawing

10.7 MHz

Fig. 9. Software defined radio

-60 38
E e Vs
g_—?o 7 ~ 28
5 N g
280 e 18z
: g =
w £ W
T
590 M g
Ll £

. A

-100- - 2

0 10 20 30 40 50
Distance [ cm

Fig. 10. Measurement result of achievable signal strength
and SNR

A. Reading Range

To evaluate the new technique, the achievable signal strength
at the receiver and corresponding SNRs were measured. The
distance between the reader and the transponder was variated
between 8 cm and 46 cm. Figure 10 shows the measurement
results: as mentioned before, a minimum SNR of +10 dB is
necessary to get an acceptable BER. Considering a matched-
filter with 15 dB signal to noise improvement, a SNR of -5 dB
at the input of the receiver is required. The measured SNR is
higher in up to 45 cm distance. The energy range is about 40
cm. Therefore, the maximum possible read range is reached.

V. CONCLUSION

Data transmission for deeply implanted sensor-transponders
has been analyzed. It was shown, that data transmission over
the required distance is not possible with conventional solu-
tions. A new data transmission technique called “frequency
conversion” that makes a maximum read range possible, was
presented. A practical implementation and measurements
have verified the feasibility of this technique.
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1 Introduction

Nowadays our markets are full of goods from every corner of
the world. Not only has the shipment of these goods increased
over the last years, but storing them has also become a more
and more challenging necessity. Furthermore, every larger
company needs warehouses to store raw materials and
components during the manufacturing process of their final
products.

The main part of a warehouse consists of many high-bay
racks. Between these racks, forklifts move through narrow
aisles at high speeds, storing and retrieving the goods. Every
shelf is supported by pillars. If any of these upright posts get
damaged, e.g. by a crash with a forklift, the whole shelf is
destabilized and may collapse. This is not only a safety risk for
the workers, but may also lead to financial losses as a com-
pany relies on the immediate availability of its stored goods.

During the last years, a standard has been developed to mini-
mize the risk of such collapsing high-bay racking. However,
the damage control still has to be performed manually. Usu-
ally, an inspection of all shelves has to be done once a week.
In a worst case scenario, a critical crash can occur directly after
the inspection without being reported for an entire week.
Therefore, a fully automated system which detects crashes
with rack pillars can improve safety, avoid accidents and
remove the human factor from the pillar check.

2 Hardware demands

A monitoring system for high bay racking requires the use of
electronic devices at every column of the shelves. A normal
warehouse has racks with up to several thousand pillars,
which have to be monitored individually with respect to
external shocks. Every pillar is protected by a special elastic
bumper that mitigates damage caused by crashes with forklifts
or other vehicles.

Within the bumper, a wireless electronic device monitors the
pressure and sends a radio signal when a pressure change
occurs. Depending on the pressure difference, an incident

is categorized from a light impact with no harm for the
shelves to a harsh impact requiring immediate action by the
warehouse staff. To guarantee a high operating time between
battery changes, such a device needs to be highly energy
efficient.

Figure 1: Handheld Unit for configuring the radio nodes

When a pressure difference is detected, the device emits a
radio signal that is received by a repeater unit. The repeater
manages up to 100 sensor nodes and makes sure radio
messages are passed to a main control unit. If the repeater
is located too far away from the control unit, messages are
routed through repeaters located closer to the main unit.
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CRASH SENSOR SYSTEMS FOR
HIGH-BAY-RACKS
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Figure 2 Simple example network

The main unit receives every crash incident within the ware-
house and visualizes the collected data on its display. All data
is transmitted using the UHF ISM frequency band. This band
is free to use without licensing costs and limited only in the
maximum channel power and channel bandwidth.

The main unit is also used for short-range configuration of the
radio nodes when bringing the system to service. Therefore,

a low frequency wake-up impulse is sent to activate any node
within a range of approximately 50 cm.

3 Software demands

The system can be described as a large network of radio nodes
sharing a frequency band with limited range and bandwidth.
Additionally, this network needs to be highly energy efficient
so that long operating times between battery changes can be
realized. Therefore, a customized protocol is designed to fulfil
these requirements and make sure no critical impact is missed
and the warehouse manager is informed within seconds after
a crash event.

To realize the goal of energy efficiency, the system uses static
routing. This means the routes from the radio nodes at the
rack posts to the handheld unit located in the warehouse
manager’s office are planned before bringing the system to
service. Planning the network means assigning up to 100 sen-
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sor nodes to a repeater. The repeater itself is either assigned
to a repeater located closer to the main control unit or to the
main control unit directly.
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Figure 3: Notification of Crash

Every crash incident is sent from the radio node at the rack
post to the assigned repeater via a bidirectional protocol,

i.e. the receiving unit acknowledges the received data to the
sender. If there is no acknowledgement from the receiver, the
data is resent until it has reached its destination.

Once per day, every sensor node sends a lifesign message
containing the current battery voltage. These lifesigns are
used to detect malfunction and low battery power. If the
system detects a need for maintenance, alarm messages are
displayed at the main unit.
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Figure 4: Simulation of Crash Events in the early develop-
ment phase

Gefordert durch:

% Bundesministerium
fiir Wirtschaft
und Technologie

aufgrund eines Beschlusses
des Deutschen Bundestages

4 System performance and conclusion

The system itself has to be reliable due to its safety functions.
Therefore different states of the sensor nodes need to be
detected by the system, e.g. low battery state of a radio node,
repeater malfunctions or radio nodes which cannot send a
lifesign or crash events to a repeater.

Several measures are implemented to avoid those critical
states. The current battery voltage of all radio nodes is
monitored in certain time intervals and the warehouse staff is
informed in case of a low battery state.

Furthermore, all communication paths among the repeaters
are checked in short time intervals and errors are detected
swiftly. If an interruption of the predefined routing path occurs
(e.g. because of a power failure), the repeaters store the radio
messages received from the sensors and re-send them as soon
as correct operation is restored. This minimizes the risk of data
loss.

The safety of high-bay racks is improved by using sensor
nodes within special bumpers. Critical impacts are reported
in seconds and the warehouse staff is warned. Not only the
safety risks are minimized, but also any person or company
responsible for the crash can be tracked due to a fast system
response.

This project was founded by “Arbeitsgemeinschaft industrieller
Forschungsvereinigungen »Otto von Guericke« e.V."”.
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Abstract

People in Germany live longer than ever. The demographic change is no longer a future vision but rather

pervasive in nowadays society. The attempt to extend the lifetime of individuals represents an enormous

challenge for the health system. Caught in the dilemma of steadily rising costs and the continuing demand

for a best possible health care, new ways of providing health services are essential. The MeDiNa project

addresses this problem and develops both technical and organizational solutions for home-care of cardiac

patients. The aim is to allow a periodically monitoring of health status of people in their own home and

thus to detect recidivisms at an early stage and to initiate appropriate countermeasures. As a result, there
are benefits for both the patient and the health system.

Introduction

The desire of having a long and fulfilling life is everyone’s
wish. Everyone will already have felt at least once the demand
to get well and to regain the usual productivity as soon as
possible. As with many other health problems, also in the
case of cardiac diseases, this demand is met by the offer of a
multi-week stay in a rehabilitation clinic. However, the dura-
tion of this stays decreases for years. For example, the average
stay for all types of rehabilitation in NRW was 32.4 days in
1990 and 27.7 days in 2007 [1]. The length of stay for cardiac
rehabilitation was actually of only 21.9 days [1]. Despite the
improved treatment methods and modern clinical devices, a
complete recovery of patients in this short time is not always
possible. Rather, patients are released earlier to the ambulant
sector. As a consequence, the usually elderly patients continue
rehabilitation in their own home without being periodically
monitored in short intervals by medical and nursing staff. This
issue is addressed by the research project MeDiNa, promoted
by the German Federal Ministry of Education and Research.
(Mikrosystemtechnik fir ganzheitliche telemedizinische
Dienstleistungen in der hauslichen Nachsorge; grant number:
01FC08056).

Cardiovascular diseases cause of death no. 1 in Germany
Cardiovascular diseases are the leading causes of death in Ger-
many and Europe. In 2007 a total number of 419 723 people
died in Germany due to diseases of the circulatory system and
heart attack [2]. In Europe, the statistic counts nearly 4.5 million
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deaths annually [3]. The estimation of medical authorities, that
the number of new cases in the near future will continue to
increase, is particularly disillusioning [3]. Therefore, the focus
is on providing the best treatment of the occurring diseases.
This depends on several factors: early diagnosis, rapid and
efficient treatment and comprehensive rehabilitation. For the
latter to continue effectively after the in-patient rehabilita-
tion, with strong partners from industry and regional health
service providers, the consortium of Fraunhofer Institut fur
Mikroelektronische Schaltungen und Systeme, Universitatsk-
linikum Aachen, MUL Services GmbH, Forschungsinstitut fir
Rationalisierung (FIR) e.V. an der RWTH Aachen, Institut fur
Arbeitswissenschaft (IAW) an der RWTH Aachen and Philips
GmbH (Unternehmensbereich Healthcare) develops a holistic
approach to microsystem technology supported home-care of
rehabilitation patients (see Figure 1).

Lack of periodically monitoring after rehabilitation is a
problem

After discharge from the rehabilitation clinic, regular visits and
intensive contacts with medical staff are a thing of the past.
This lack of periodically monitoring of patients, shortly after
a cardiac disease, constitutes a big problem for the patients
and the health system. Deterioration of the state of health
will be recognized too late or not at all which may lead to
complications and serious health damage. For example 80 %
of the annually 300,000 new cases of heart attacks occur at
home. Of these 80 %, 50 % remain unnoticed [4]. In addition
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Figure 1: A holistic approach to micro- system technology supported aftercare

to the partly dramatic consequences for the patient, this fact
has an enormous impact for the health system. Relapses in the
in-patient treatment or complications come with the result of
much more expensive medical treatments. In this way, heart
diseases including frequent re-hospitalization, are the cause
for expenses of nearly 170 billion € in the EU [3]. Many of
these cases and consequently their expenses can be avoided
by early diagnostics and be treated with lower impact for
both, the patient and the health system.

Telemedicine solutions show new ways in health care
Recent telemedicine approaches offer, in association with
modern sensors, possibilities to capture the necessary informa-
tion of high risk patients in a quick and inexpensive manner,
process it comprehensively and make it available centrally.
Thereby the decoupling of the medical examination from the
availability of medical personnel offers enormous potentials for
health care. Thus, for example, the so-called tele-monitoring
through a computerized monitoring system, checks the vital
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MEDINA - TELEMEDICINE
REHABILITATION SUPPORT IN
ONE'S OWN FOUR WALLS

signs (pulse, blood pressure) which are sent immediately to a
provider (medical practice, rehabilitation station) where the
qualified personnel can intervene directly in case of irregulari-
ties. Most telemedicine applications tend nowadays to a faster,
better and wider communication of patient data via electronic
ways (tele-consultation). Although the technological basis for
telemedicine services appears to be available, it lacks so far on
the sustainable concepts of integration of the telemedicine in
the first health care market. This shall be achieved with the
MeDiNa‘s developed business model for the provider of such
services (Medical Service Provider).

The aim of MeDiNa project is to make use of the telemedicine
potential and to allow a simple and continuous monitoring

of patient data by the rehabilitation experts (doctors, care at-
tendants and therapists). Based on this data the experts will be
enabled to readjust and reorganize therapies and to intervene
earlier in cases of emergency. This is the basis for providing
modern telemedical services (for example electronic visits)
supporting the aftercare of cardiac patients. In order to test
this approach in a prototype and to validate the usefulness by
means of a patient study there are two technical components
necessary which are beeing developed within the project (see
Figure 2):
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Figure 2: Interaction of the technical components
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e MeDiNa-HomeBox for the acquisition of vital parameters of
rehabilitation patients in their home environment

e MeDiNa-Portal for the conditioned presentation of vital
parameters for doctors and for the ensuring of data security
through a comprehensive rights and role model.

Innovative use of technology

The MeDiNa-HomeBox comprises of various wireless coupled
sensors for the regular supervision and monitoring of vital
parameters without a direct involvement of medical staff. For
this purpose the patient will be fit with a MeDiNa-HomeBox
for the domestic use. Besides the acquisition of basic medical
data such as ECG, blood pressure, body temperature, weight
and respiratory rate, specific measurements are added
depending on disease and clinical history in order to reflect
and track the situation of the patient. The goal is the intel-
ligent integration of existing applications to a holistic service
system. Due to the primarily elderly patients special emphasis
is put on the usability of the system. This aspect is supported
for example by using a touch-screen display. In addition the
patient must remain extensively uninfluenced due to the use
of the MeDiNa-HomeBox. By using microsystem technology,
these requirements will be satisfied.

After the acquisition of the vital parameters, these data will be
sent to the MeDiNa-Portal via UMTS and GPRS respectively. If
no mobile connection could be established, the data exchange
can be realized over a standard telephone line. The portal
supports the commuinication between all parties involved (e.g.
patient, hospital) and the coordination of the service contribu-
tion. For the implementation of the desired system solution,
portals offer different suitable functions and technologies. As
important basic functions can be mentioned among others:
user management, authentification, searching, personalisation,
role and right administration and data security.

Thus the parameters captured by the different sensors are
evaluated in detail after the transmission to the portal and pre-
pared adequately and structured for the targeted group and
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made available to authorized persons or institutions. Special
aspects thereby are the unification of different user needs, an
efficient supply of information and data between the different
parties as well as high security and data protection against the
background of handling sensitive personal data.

Efficient information logistics

The technical components MeDiNa Homebox and MeDiNa
Portal form the basis for providing telemedicine services. In
the center stands the so-called Medical Service Provider (short:
MSP). The focus off MSP’s activities concentrates on ensuring
an efficient information logistics, the correct information, at
the right time, in the correct form and at the correct place.
Concretely, this means that the data for the diagnosis,
measured by the sensor system, unaltered by the transmission,
prepared adequately for the addressee had to be delivered

in real time to the physicians or nurses. The system also must
permit a flow of information between the medical personnel
and from the medical personnel to the patients. In summary
the MSP must be able to arrange suitable systems and infor-
mation services based on technology potentials and medical
requirements. Apart from the primary and already outlined
services, as collection of the vital parameters, monitoring

and configuration of the state of health or the rehabilitation
plan respectively as well as providing the underlying data and
information management, value added services can be offered
and used by the patients.

Examples are:

e Service for monitoring the medication: It can be recognized
in time, if the patient must reorder his medicines or if the
storage life of a medicine expires.

e Service for monitoring the fitness activity: Here the daily
sportive activity under observation of the vital parameters
could be reconstructed.

e Service for monitoring the diet: An intelligent calorie compu-
ter could compute the calories connected with the meal and
make proposals for further meals.

Based on the integration of different technologies and the
development of services for the Medical Service Provider, a
holistic approach can be developed to the micro-system sup-
ported providing of services.

Result

For about 4 million cardiac risk patients in Germany the
MeDiNa system offers an effortless, short interval control

of relevant vital parameters in their domestic environment

[4]. Even with longer treatment intervals, the continuous
monitoring of vital parameters makes an exact controlling of
the therapy possible, and contributes to the improvement of
the compliance and disease condition of the heart patient.
Thereby the patient’s quality of life increases and the annual
costs for the support can be reduced by reduction of hospitali-
zations, emergency treatments and physician visits[5]. Thus,
for example, the telemedicine study “Herzensgut” of the
insurance company “Kaufmannische Krankenkasse Hannover”
pointed out that the utilisation of telemedicine equipment re-
sults in a cost reduction of around 20% (on the average about
approximately 1,400 €)[6]. Fast and purposeful presentation of
information about pre-existing conditions, examinations and
therapies is a further result of the digital data acquisition and
forwarding. Thus the project addresses two central problems.
On the one hand, a better health welfare service for patients is
made possible, and on the other hand, ways are pointed out,
how the health economy can increase the treatment quality

in the next years, despite foreseeable financial restrictions. An
improvement for both sides.
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Motivation and Brief Description

Hospitals in North Rhine-Westphalia will face considerable
challenges in the years to come, particularly the conflicting
objectives of improving both the cost situation and the quality
of the performed efficiency. The aim is to remain or to become
competitive and to be one of the Hospitals of the Future.

Here, the technical areas of hospitals are starting points for
optimization, increase in efficiency and cost reduction. These
areas include, for instance, hospital IT, energy supply or build-
ing services engineering and maintenance, as well as hospital
logistics and facility management.

wholistic Hos pital Engineering
(Fraunhofer-approach)

o architecture/
facility management
building services

engineering

Hos pital Engineering (in a
narrower sense)

maintenance(incl. environmental and
power engineering

business,
planning
controlling

hospitak
logistics

medical technology

Information technology
(b}

process management

Figure 1: Hospital Engineering as a Wholistic Research Area

Innovation and optimization in those special areas usually
result only in partial cost reduction and quality increase and
disregard optimization in the overall technical system of a
hospital. Optimization potential of an overall approach is,
thus, given away, which may even result in conflicting goals
by means of negative effects of measures in one area on other
areas. Often, valid technical and performance figures of special
areas to evaluate individual measures do not exist. Therefore,
cross functional concepts and tools are entirely absent.

Hospital Engineering aims to close this gap. It hopes to benefit
from an overall approach to the technical system of a hospital
by researching current innovation and particularly its effects

on adjacent areas, the development of best-practice solutions,
the optimization of the overall system and the characterization
with the help of significant key figures. Practical implementa-
tion eventually follows in so called “thematic projects”. Thus,
Hospital Engineering reaches far beyond classical approaches
to hospital technology and provides a foundation for a
competitive and technically sustainable hospital.

As part of the competition Med in.NRW, Hospital Engineering
is a government-funded project by the state of North Rhine-
Westphalia. A total of 235 contributions and up to 70 million
Euro from EU-, state- and commune-funds, as well as from
private partners account for Med in.NRW to be the grandest
competition of the regional government as part of the
NRW-EU-Ziel2-Programms. The ETN Forschungszentrum Julich
GmbH is in charge of the project.

Participation of Fraunhofer IMS in Hospital Engineering
Fraunhofer IMS designs and constructs a suitable and realistic
laboratory for the required room systems at the Fraunhofer-
inHaus-Center. The following rooms of a hospital will be
constructed including all furnishing and technical infrastruc-
ture: reception and waiting area, nurses’ room, patient’s room
including bathroom, treatment room, room for fitness and
physiotherapy, operating area, storage and hallway.

Fraunhofer IMS is responsible for the project Staff- and
Patient-Assistant. This project aims to enhance patient-
autonomy with the help of assistant systems and to increase
staff-assistance via sensor-supported acquisition of context
data and system solutions. As part of this project, the focus is
on the following:

Hygiene-related System Solution

The issue of hygiene becomes increasingly important in
German hospitals. According to estimates by the Deutsche
Gesellschaft fur Krankenhaushygiene (DGKH, German Society
for Hospital Hygiene) in 2009 40,000 fatalities were results
of infections in hospitals. Particularly the increase of resistant
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SYSTEMS AND APPLICATIONS

germs (e.g. MRSA") is of major importance. Fraunhofer

IMS explores and develops solutions for the realization and
documentation of hygiene processes with the help of sensor-
supported devices for hand disinfection.

Software for Behavioral Analysis

By means of a software solution and the integration of sensors
in the patient’s room and the instruments and furniture inside,
the patient’s behavior and care is recorded. This aims to detect
abnormal behavior or dangerous situations in time and to
develop automatic care documentation. The overall concept
includes the transmission of collected data to an existing
emergency call system and to the KIS?.

Mobile Ward Round/Care Assistant Vehicle

A constant access — independent from time and place — to
KIS-data and other medical subsystems in the form of digital
case files is indispensable for medical staff. Particularly during
ward rounds, all data needs to be accessible at the patient’s
bed. Fraunhofer IMS explores and develops efficient solutions
for data-display, -entry and -transmission in case of mobile
ward rounds or care assistant vehicles.

" MRSA: methicillin-resistant Stapylococcus aureus
2 KIS: Krankenhaus-Informationssystem
(trans. Hospital Information System)
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Fitness, Exercises of Precautionary Measures and
Rehabilitation

Fraunhofer IMS explores and develops ways to integrate fit-
ness machines into existing IT-systems and hospital-processes
in the context of precautionary measures and rehabilitation. In
particular, Fraunhofer IMS is engaged in the development of
new intuitive control concepts and the networking of fitness
machines and medical system solutions, for instance, to enable
automatic transmission of performance data to the KIS, the
family doctor or physical therapists. The other way around, a
software solution is to be developed, which proposes a fitness
program for the patient based on his or her current physical
condition.

Fraunhofer IMS Annual Report 2010



AUFSTEHEN

=1

MEDIKAMENTE
Fraunhofer

it SCHLAFENGEHEN

EINNAESSEN

NAECHTL. UNRUHE

HYGIENE

FERMNSEHEN

el

Demographic change in Germany results in higher life expectancy
and in an increased number of people in need of assistance and
care. Hereby, the need of care staff increases, while staff short-
ages in the field of professional care are already reality.

Furthermore, the lifestyle of the younger generation changes,
so that the classical approach to care, that is to say care by
adult children in the same household, is often no longer
applicable. Given this development in combination with the
demographic changes, it makes sense to make arrangements
which allow the elderly to stay at home as long as possible.
Besides, surveys reveal clearly that elderly Germans wish to live
in a regular apartment or a service apartment.

As part of the project JUTTA — Just in Time Assistance, funded
by the German Federal Ministry of Education and Research,
Fraunhofer IMS, in cooperation with industrial partners

and a nursing service in Duisburg, develops new methods

of resolution and business models for care which meet the
demand of people in need of assistance in the privacy of their
home. This new model envisions care according to actual
need of assistance instead of predetermined and fixed tours
of care staff. This aims to preserve and enhance the individual
competence of those in need of care to allow a predominantly
self-determined life even later in life.

The actual need is visualized by means of a signal light as the
interface of care and technology. Similar to a traffic light,
different colors indicate the current state of the person taken
care of: red displays an urgent need of care, yellow suggests
that assistance is useful and green announces a currently
self-determined life.

The actual care process is then carried out by family members,
voluntary helpers, professional care staff or —in case of an
emergency — by doctors. To ensure the medical attendance in
the privacy of the patient's home, medical engineering sensors
are employed additionally in order to transmit measured data
to a medical center. The medical center then reacts in case of
an emergency.

As a technological base for the signal light, sensors and
actuators using radio technology are installed in the apart-
ment. Therefore, standard components of building service
engineering like motion detectors, light switches, window or
door contacts, which are networked, are employed. All sensor
information and data is evaluated at the apartment, so that all
information concerning detailed patterns of behavior remains
there. First, the system gets to know the patient’s usual
behavior and configures itself accordingly. In case of unusual
occurrences, the nursing staff is informed by means of the
signal light.
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JUTTA - CARE ACCORDING
TO INDIVIDUAL NEEDS

The signal light is displayed at the nursing service's coordi-
nating unit where the nursing staff's tours are organized
according to the actual needs of the patients. Therefore, care
assistant vehicles are equipped with GPS, so that the coordi-
nating unit knows the position of the vehicles at all times.

In order to support and facilitate documentation, care staff

is in possession of a mobile unit to record care processes in a
simple and quick way.

The JUTTA-system is currently employed in real to life living
environments to gain first experiences in the field of dynamic
care processes. In the long run, service according to individual
needs is aimed to allow a convenient, self-determined and
secure life in the privacy of one’s home later in life.

(For further information, please visit www.just-in-time-
assistance.de)
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http://ebn24.com/fileadmin/images/Standorte/00_Deutschland/
NRW/145_Duisburg_09_10/R_09_Grabmeier_Schliepkorte/
Grabmaier_Schliepkorte_25.03.2010.pdf

Grey Oropeza, S.; Vom Bogel, G.; Hennig, A.; Meyer, F.:

Direct digitalization and frequency translation using an
undersampling scheme for software-defined-radio based
RFID UHF-Systems.

(RFID SystTech <6, 2010, Ciudad Real>).

In: RFID SysTech 2010. Berlin [u.a.]: VDE-Verl., 2010,

without pagination

Haverkamp, T.; Naroska, E.; Dogangun, A.; Stockmanns, G.:

Sensorunterstiitzte Pflegedokumentation.

(Kongress Ambient Assisted Living <3, 2010, Berlin>).

In: Ambient Assisted Living 2010. Berlin [u.a.]: VDE, 2010,
Paper 2.2 [5 BI.]

Hennig, A.; Vom Bégel, G.:

A data transmission technique for passive
sensor-transponders in medicine.

(International Conference on RFID <4, 2010, Orlando, Fla.>).
In: IEEE RFID 2010. Piscataway, NJ: [EEE, 2010, pp. 215-222

Hennig, A.; Vom Bégel, G.; Grabmaier, A.:

A reader antenna with carrier suppression for wireless
sensor systems.

(RFID SystTech <6, 2010, Ciudad Real>).

In: RFID SysTech 2010. Berlin [u.a.]: VDE-Verl., 2010, without
pagination

Hochschulz, F; Vogt, H.; Paschen, U.:

CMOS process enhancement for high precision narrow
linewidth applications.

(ESSDERC <40, 2010, Sevilla>).

In: ESSDERC ESSCIRC. Piscataway, NJ: IEEE, 2010, pp. 254-256

Hochschulz, F; Paschen, U.; Vogt, H.:

Multiphysics simulation for the optimisation of CMOS
processes for high precision optical measurement appli-
cations.

(International Conference on Multiphysics Simulation <1, 2010,
Bonn>).

In: 1st Conference on Multiphysics Simulation. Bremen:
Fraunhofer-Allianz NUSIM, 2010, without pagination [11 Bl.]
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Klauke, S.; Gortz, M.; Rein, S; Hoehl, D.; Thomas, U.;
Eckhorn, R.; Bremmer, F.; Wachtler, T.:

Stimulation with a wireless intraocular epiretinal im-
plant elicits visual percepts in blind humans : results
from stimulation tests during the EPIRET3 prospective
clinical trial.

In: Investigative ophthalmology and visual science. Published
ahead of print Sept 22, 2010

Kropelnicki, P.; Vogt, H.:

A new DC-temperature model for a diode bolometer
based on SOI-pin-diode test structures.

(International Workshop on Symbolic and Numerical Methods,
Modeling and Applications to Circuit Design <11, 2010,
Gammarth>).

In: SM2 ACD'2010. Piscataway, NJ: IEEE, 2010, without
pagination

Mahdi, R.; Fink, J.; Hosticka, B. J.:

Lateral-drift-field photodetector for high speed 0.35 pm
CMOS imaging sensors based on non-uniform lateral
doping profile.

(PRIME <6, 2010, Berlin>).

In: PRIME 2010. Berlin: Techn. Univ., 2010, without
pagination; Paper 10029

Marx, M.:

System issues for time synchronization in Real Time
Localization Systems with multi path mitigation.
(European Wireless Conference (EW) <16, 2010, Lucca>).

In: European Wireless Conference. Piscataway, NJ: IEEE, 2010,
pp. 596-601

Meyer, W.; Grinewitschus, V.:

Intelligente Assistenzsysteme fiir alte und behinderte
Menschen - Mehrwert fiir die Sozialwirtschaft?
(Kongress der Sozialwirtschaft <6, 2009, Magdeburg>).

In: Sozialwirtschaft - mehr als Wirtschaft? Baden-Baden:
Nomos-Verl.-Ges., 2010, pp. 43-48
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Mduller, H.-C.:

SmartForest - Einsatz von Transponder-Technologie und
drahtlosen Sensornetzen in der Forstwirtschaft.
(Innovationstage <3, 2010, Berlin>).

In: Innovationstage 2010 : Forschungs- und Entwicklungspro-
jekte. Bonn: BLE, 2010, pp. 119-121

Mdntjes, J.; Meine, S.; Flach, E.; Gortz, M.; Hartmann, R;;
Schmitz-Rode, T.; Trieu, H.-K.; Mokwa, W.:

Monitoring intravascular pressure with a pulmonary
artery pressure sensor system — assembly aspects.
(European Conference & Exhibition on Integration Issues of
Miniaturized Systems <4, 2010, Como>).

In: Smart Systems Integration 2010. Berlin [u.a.]: VDE-Verl.,
2010, without pagination [Paper 81]

Prost, W.; Zhang, D.; Munstermann, B.; Feldengut, T;
Geitmann, R.; Poloczek, A.; Tegude, F.-J.:

InP-based unipolar heterostructure diode for vertical
integration, level shifting, and small signal rectification.
In: [EICE transactions / E/ C 93 (2010), 8, pp. 1309-1314

Trieu, H.-K.:

Integrated MEMS solutions for biomedical applications.
(International Conference on NANOSENS <3, 2010, Wien>).
In: NANOSENS 2010. Wien, 2010, without pagination

Trieu, H.-K.:

Integrated micro and nanosystem solutions — potential
for micro implants in diagnostics and therapy.

(NanoBio Europe <5, 2010, Mlnster).

In: NanoBio Europe 2010. Munster: CeNTech, 2010, without
pagination
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Trieu, H.-K.:
Micro implants and bioelectronics - new technologies in

medical diagnostics and therapy.

(Workshop Medizinische Messsysteme <2010, Milheim a.d.
Ruhr>).

In: IEEE-Workshop Medizinische Messsysteme 2010: Kurz-
fassungen der Vortrage. Milheim a.d. Ruhr: HRW, 2010, p. 2

Trieu, H.-K.; Klieber, R.; Kordas, N.:

Sensing and Signal conditioning at 250°C : no longer a
problem due to SOI.

In: Sensor Report (2010), 3, pp. 12-13

Urbaszek, A.; Trieu, H.-K_; Traulsen, T.; Mokwa, W.:
Entwicklung eines implantierbaren Drucksensors zum
kontinuierlichen Monitoring des pulmonalarteriellen
Drucks bei Herzinsuffizienzpatienten.

(Biomedizinische Technik (BMT) <2010, Rostock>).

In: BMT 2010. Berlin [u.a.]: de Gruyter, 2010, without
pagination

Vom Bogel, G.; Scherer, K.:

Ambient Intelligence in next generation rooms and
buildings.

(Leibniz Conference of Advanced Science <10, 2010,
Lichtenwalde>).

In: Sensorsysteme 2010: Abstracts, Lichtenwalde: LIFIS, 2010, p. 2

Vom Bogel, G.; Meyer, F.; Kemmerling, M.:
Energieversorgung von mikroelektronischen Sensormo-
dulen uber Funk.

(Workshop Energieautarke Sensorik <6, 2010, Hamburg>).
In: Energieautarke Sensorik 2010. Berlin [u.a.]: VDE-Verl.,
2010, Paper 11 [BI. 1-6]

Weiler, D.; RuB, M.; Wirfel, D.; Lerch, R. G.; Yang, P; Bauer, J.;
Vogt, H.:

A digital 25 m pixel-pitch uncooled amorphous silicon
TEC-less VGA IRFPA with massive parallel Sigma-Delta-
ADC readout.

(Infrared Technology and Applications Conference <36, 2010,
Orlando, Fla.>).

In: Infrared technology and applications XXXVI. Bellingham,
Wash.: SPIE Press, 2010, pp. 76600S-1 — 76600S-8

Wiirfel, D.; Weiler, D.; Hosticka, B. J.; Vogt, H.:

Noise of short-time integrators for readout of uncooled
infrared bolometer arrays.

(Kleinheubacher Tagung <2009, Miltenberg>).

In: Advances in radio science 8 (2010), pp. 129-133

4. Oral Presentations

Grinewitschus, V.:

Brauchen wir smartere Mietwohnungen - Technologie-
trends und Praxiserfahrungen.

Verbandstag der Wohnungs- und Immobilienwirtschaft,
Hannover, January 21, 2010

Grinewitschus, V.:

Smarte Mietwohnungen: Technologien und
Anwendungstrends.

Fachtagung Verband der Thiringer Wohnungswirtschaft,
Erfurt, November 11, 2010

Scherer, K.:
Energieeffizienz mit Smart Homes und Smart Buildings.
Kongress eWorld 2010, Essen, February 10, 2010

Scherer, K.:

Smart Home - der Innovationsprozess von der guten
Idee zum guten Geschaft.

Kongress ConlLife, Kéln, May 19, 2010
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Scherer, K.:

Smart-Home und Servicewohnen - Techniktrends und
Geschaftsmodelle.

Kongress , Vernetztes Wohnen — Multimedia in der
Wohnungswirtschaft”, Bochum, November 4, 2010

Schliepkorte, H.-J.:
Nutzerabhdngiger Energieverbrauch im Zweckgebaude.
Kongress eWorld 2010, Essen, February 10, 2010

Vom Bogel, G.:

RFID im Maschinenbau - Marktiiberblick und technische
Grenzen.

VDMA-Workshop RFID im Maschinenbau, Frankfurt a. M.,
September 8, 2010

Vom Bogel, G.:
Sensornetze fiir die Prozessoptimierung in der Logistik.

Userforum auf der Euro-ID, KéIn, May 5, 2010

Wiirfel, D.:

An uncooled VGA-IRFPA with novel readout architecture.

Kleinheubacher Tagung, Miltenberg, 04.10.10

5. Patents

5.1 Granted Patents

Huppertz, J.:

Apparatus and method for efficient analog-to-digital
conversion.

October 26, 2010

US 7,821,434 B2
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Schrey, O.; Brockherde, W.; Hosticka, B. J.; Ulfig, W.:
Optischer Abstandsmesser und Verfahren zur optischen
Abstandsmessung.

February 25, 2010

DE 10 2008 018 718 B4

Stlicke, T.; Christoffers, N.; Kolnsberg, S.; Kokozinski, R.:
Amplifier circuit with adjustable amplification.
June 15, 2010

us 7,737,785 B2

Vogt, H.:
Bolometer.
March 23, 2010
US 7,683,324 B2

Vogt, H.

Bolometer mit organischer Halbleiterschichtanordnung.
January 27, 2010

EP 1 994 384 B1

5.2 Laid Open Patent Documents

Boom, T. van den; Hosticka, B. J.; Brockherde, W.; Bechen, B.;
Erni, D.; Kirstein, U.; Lennartz, K.:

Verfahren zum Behandeln einer Population von in
Fliissigkeitstropfchen suspendierten Objekten aus Ziel-
und Restpartikeln sowie Vorrichtung zum Durchfiihren
dieses Verfahrens.

November 18, 2010

DE 10 2009 021 614 A1

Boom, T. van den; Unlubayir, S.; Trieu, H.-K.:

Vorrichtung zur Bestimmung von einer Keimverteilung
abhédngigen Information auf einem Tragersubstrat und
Verfahren zum Bestimmen derselben.

December 09, 2010

DE 10 2009 023 279 A1
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Gortz, M.; Trieu, H.-K.; Mokwa, W.:

Flexible visual prosthesis and method for manufacturing
a flexible visual prosthesis.

August 19, 2010.

US 2010/0211168 A1

Huppertz, J.; Hosticka, B. J.; Wirfel, D.:

Device and method for detecting electromagnetic
radiation.

January 27, 2010

EP 2 147 288 A1

Huppertz, J.; Hosticka, B. J.; Wrfel, D.:

Device and method for detecting electromagnetic
radiation.

September 9, 2010

US 2010/0224787 A1l

Huppertz, J.; Hosticka, B. J.; Wrfel, D.:

Spiegel, Gehause und Infrarotgerat sowie Verfahren
zum Herstellen derselben.

April 8, 2010

DE 11 2007 003 491 A5

Kappert, H.; Kordas, N.; Lerch, R.; Lidecke, A.:

Verfahren zum Erzeugen eines Signals fiir einen Test
eines Analog-Digital-Wandlers, Verfahren zum Erzeugen
eines Wertes fiir einen Test eines Analog-Digital-
Wandlers und Analog-Digital-Wandler.

January 21, 2010

DE 10 2008 033 180 A1

Kirstein, U.; Lennartz, K.; Boom, T. van den; Hosticka, B. J.;
Brockherde, W.; Bechen, B.; Erni, D.:

Method for treating a population of objects suspended in
fluid droplets comprising a target and residual particle, and
device for performing the waiting loop of said method.
November 18, 2010

WO 2010130459 A2

Kropelnicki, P; RuB, M.; Vogt, H.:
Diodenbolometer und ein Verfahren zur Herstellung

eines Diodenbolometers.
September 22, 2010
EP 2 230497 A1

Meyer, F.; Vom Bogel, G.; Meyer, S.:

Konzept zur Reduktion eines Phasenrauschens eines PLL-
Frequenzgenerators.

November 25, 2010

DE 10 2009 021 937 A1

Trieu, H.-K.; Wiebe, P; Klieber, R.:

Apparatus and method for controlling and monitoring
the pressure in pressure line or pipes.

April 15, 2010

US 2010/0089167 A1

6. Theses
6.1 Dissertations

Hennig, A.:
Ubertragungstechnik fiir passive Sensortransponder in
der Medizin.

Duisburg-Essen, Campus Duisburg, Univ., Diss., 2010

Sommer, S. P:

Plasma Charging Damage bei Bauteilen hochster
Zuverlassigkeitsanforderungen.

Duisburg-Essen, Campus Duisburg, Univ., Diss., 2010
http://duepublico.uni-duisburg-essen.de/servlets/DerivateServ-
let/Derivate-24642/Sommer_Sebastian_Paul_Diss.pdf
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Spickermann, A.:

Photodetektoren und Auslesekonzepte fiir
3D-Time-of-Flight-Bildsensoren in 0,35 pm-Standard-
CMOS-Technologie.

Duisburg-Essen, Campus Duisburg, Univ., Diss., 2010
http://duepublico.uni-duisburg-essen.de/servlets/DerivateServ-
let/Derivate-24771/Spickermann_Andreas_Diss.pdf

6.2 Diploma Theses

Benstom, C.:

Personalentwicklung fiir Flihrungskrafte - Entwicklung
eines Rahmenkonzeptes fiir die Fiihrungskrafteent-
wicklung am Fraunhofer-Institut fiir Mikroelektronische
Schaltungen und Systeme.

Duisburg-Essen, Campus Duisburg, Univ., Dipl.-Arb., 2010

Brockners, C.:

Entwicklung und Charakterisierung eines nieder-
frequenten Rauschmessplatzes zur Bestimmung des
Rauschverhaltens von Halbleiterbauelementen.
Duisburg-Essen, Campus Duisburg, Univ., Dipl.-Arb., 2010

Gozuyasli, L.:
SmartKitchen - Ein intelligentes Unterstiitzungssystem.
Duisburg-Essen, Campus Duisburg, Univ., Dipl.-Arb., 2010

Li, B.:

Entwurf einer integrierten Sensor-Ausleseschaltung fiir
passive UHF Transponder.

Duisburg-Essen, Campus Duisburg, Univ., Dipl.-Arb., 2010

Nas, A.:

Evaluationsmethoden fiir Ambient-Assisted-Living-
Anwendungen am Fallbeispiel einer Badezimmer-
anwendung.

Duisburg-Essen, Campus Duisburg, Univ., Dipl.-Arb., 2010
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Pinske, D:

Personen- und aufgabenbezogene Aktivitatserkennung
in Wohnumgebungen - Konzept und Realisierung in
einer bestehenden Architektur.

Duisburg-Essen, Campus Duisburg, Univ., Dipl.-Arb., 2010

Schmitz, C.:

Entwicklung eines Tests zur Charakterisierung

von Analog-Digital-Umsetzern mit Schnittstellen zur
Integration in einem Bildsensortest.

Dortmund, Univ., Dipl.-Arb., 2010

Weitz, K.:

Entwurf und Umsetzung eines DC/DC-Buck-Konverters
fir den Einsatz in Hochtemperaturanwendungen.
Dortmund, Univ., Dipl.-Arb., 2010

6.3 Master Theses

Bahar, E.:

Trendanalyse internationaler logistischer Pflegekonzepte
und Prozessoptimierung in der hauslichen Pflege.
Duisburg-Essen, Campus Duisburg, Univ., Master-Thesis, 2010

Eschke, J.:

Digitalisierung einer herunter gemischten Transponder-
antwort und Implementierung geeigneter Digitalfilter
auf einem Digitalfilter auf einem Xilinx-FPGA zur Emp-
findlichkeitssteigerung eines UHF-RFID-Readers.
Dortmund, Fachhochsch., Master-Thesis, 2010

Jungreithmeier, J. A.:

Entwicklung eines energieeffizienten Basisband-
prozessors fiir passive UHF RFID-Transponder.
Hagenberg, Fachhochsch., Master-Thesis, 2010
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Kohl, B.:

Optimierung und Implementierung eines Modells der
Ubertragungsstrecke fiir passive Transponder zur Ver-
einfachung der Systemanalyse mit Hilfe von Schaltungs-
simulatoren.

Dusseldorf, Fachhochsch., Master-Thesis, 2010

Kotipalli, R. V. R.:

Optimization of trench process for improving gate oxide
integrity and reliability in 0.35um CMOS SOI technology.
Deggendorf, Hochsch., Master-Thesis, 2010

6.4 Bachelor Theses

Blei, D.:

Entwurf, Simulation und Verifikation unterschiedlicher
Filter zur analogen Basisbandfilterung in einem UHF
RFID Lesegerat in Form eines programmierbaren FPAA.
Krefeld, Hochsch., Bachelor-Thesis, 2010

Feldermann, J.:

Entwicklung und Aufbau eines Mikrocontroller-
gesteuerten Lesegerates zur Erfassung und Auswertung
von mikromechanischen Druck- und Temperatursensor-
signalen fir medizinische Implantate.
Krefeld-Monchengladbach, Campus Krefeld, Hochsch.,
Bachelor-Thesis, 2010

Kleinfeld, T.:

Entwicklung einer Ansteuerungs- und Kalibrierungs-
einheit fiir ein Sensorarray, innerhalb des Projekts
“FlexTak”.

Duisburg-Essen, Campus Duisburg, Univ., Bachelor-Thesis, 2010

Thekooden Cherian, D.:

Expansion of an IC test-system for the optical characteri-
zation of FIR imager-chip.

Duisburg-Essen, Campus Duisburg, Univ., Bachelor-Thesis, 2010

6.5 Project Theses

Berg, M.:

Integration des IMS eigenen Transponderfrontends in
ein mikrocontrollerbasiertes Transpondersystem fiir den
UHF ISM Frequenzbereich.

Dortmund, Fachhochsch., Studienarb., 2010

Osenberg, H.:

Mobilfunkbasierte Dateniibertragung fiir eingebettete
Systeme mit Hilfe Giber Bluetooth angebundener Mobil-
telefone.

Siegen, Univ., Studien-Arb., 2010

Sohling, M.:

Simulation, Entwurf, Aufbau und Verifikation von
Transponderantennen fiir das IMS eigene Transponder-
frontend im UHF ISM Band Frequenzbereich.

Dortmund, Fachhochsch., Studienarb., 2010

7. Product Information Sheets

Betriebsstundenzahler fir Baumaschinen
IMS-Duisburg, 2010

Business field micromachined pressure sensor technology
IMS-Duisburg, 2010

CMOS image sensor with 118db linear dynamic input
range

IMS-Duisburg, 2010

CMOS linear photosensor array, 1 x 512 pixel
IMS-Duisburg, 2010

CMOS ToF-Sensor for 3D imaging, 64 x 8 pixel
IMS-Duisburg, 2010
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Distributed test system for interoperability tests
IMS-Duisburg, 2010

Drahtlose Sensornetze in der Land- und Forstwirtschaft
IMS-Duisburg, 2010

Drahtlose Temperatur-Uberwachung in der Frischelogistik
IMS-Duisburg, 2010

Drahtloses Messen — Bsp. Fahrrad-Computer
IMS-Duisburg, 2010

Energy efficience by smart facility management
IMS-Duisburg, 2010

High temperature capacitive pressure sensor
IMS-Duisburg, 2010

High-temperature IC'S
IMS-Duisburg, 2010

Humidity and temperature transponder
IMS-Duisburg, 2010

lhre Idee — Wir setzen sie um
IMS-Duisburg, 2010

IMS LS-3580 CMOS linear photosensor array,
1 x 3580 pixel
IMS-Duisburg, 2010

Integrated capacitive pressure sensors
IMS-Duisburg, 2010

Integrated solutions for bioelectronic sensing
IMS-Duisburg, 2010

Kickoff: New generation of more intelligent systems
IMS-Duisburg, 2010
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Long range passive sensore transponders in medical
applications
IMS-Duisburg, 2010

Micro reactors
IMS-Duisburg, 2010

Microsystem for portable electrochemical measurements
IMS-Duisburg, 2010

Passive UHF transponders with integrated sensors
IMS-Duisburg, 2010

Passiver Sensor zur Korrosionserkennung
IMS-Duisburg, 2010

Ratiometric pressure sensors with differential mode
IMS-Duisburg, 2010

RFID im Bau
IMS-Duisburg, 2010

RFIDs Funken durch Metall
IMS-Duisburg, 2010

RFIDs transmit signals through metal
IMS-Duisburg, 2010

Sensor network wireless displays
IMS-Duisburg, 2010

Sensor-Transponder for pressure and temperature
IMS-Duisburg, 2010

Wireless sensor networks
IMS-Duisburg, 2010
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INHAUS-CENTER EVENTS 2010

In 2010, Fraunhofer-inHaus-Center hosted many events for professional audiences.

Highlights include the following:

June 24, 2010: win? - Technical Modernization of Real
Estate — Solutions and Potential Benefits

More than forty percent of the world’s energy consumption

is related to buildings. This is why technical modernization of
residential and commercial properties has a great potential
for economic development and the creation of workplaces, as
well as for energy saving and environmental protection. The
outdated technical equipment of the majority of buildings
accounts for great optimization potential. Rapidly changing

user needs and usage requirements demand suitable solutions:

This includes, for example, the enhancement of the structural
and functional flexibility of rooms and buildings.
Fraunhofer-inHaus-Center and the Niederrheinische Industrie-
und Handelskammer (Chamber of Commerce and Industry

of the Lower Rhine region) took up this current debate and
organized the win2-event “Technical Modernization of Real
Estate”. In the course of three hours, various experts provided
information about the current conditions of the field of real
estate for 45 participants. Furthermore, diverse concepts of
modernization in combination with cost-benefit assessment
were presented. The evening closed in a lively discussion and a
relaxed get-together.

September 16, 2010: Fraunhofer-inHaus-Forum 2010 -
Health and Care - Innovations to Increase the Efficiency
of Technical Systems, Rooms and Processes in the Field
of Healthcare

Today, the field of healthcare and social welfare faces diverse
challenges: The cost pressure for providers of medical service
increases, while the population experiences demographic
changes, which will result in a rising number of elderly in need
of care in the future. At the same time, there is no additional
care and medical staff at hands; quite contrary, the number
has been decreasing. Which solutions are then necessary to
develop a sustainable and innovative healthcare and social
sector?

This year's Fraunhofer-inHaus-Forum tried to find answers to
this question. 160 participants listened to lectures researchers
of each business area had prepared with special reference to
the field of healthcare. Keynotes by well-known representa-
tives of the field framed the event. The day ended in a panel
discussion of leading experts.

As it has become common to the establishment of the
inHaus-Forum, visitors had the chance to take a look at the
inHaus-partner’s exhibitions and the laboratories.
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WORKSHOP ON ENERGY SELF-SUFFICIENT
SENSOR NETWORKS

The Fraunhofer one-day-workshop on energy self-sufficient current developments in integrated low-power sensors and in
sensor networks on November 16, 2010, Munich, provided collaborative signal and information processing. The workshop
numerous hands-on examples from different branches and was ~ was preceded by the Fraunhofer-Forum » Aufmerksam im
geared to experts from development and manufacturing as Schwarm — Energieautarke Sensoren und Sensornetze« on

well as quality control and reliability. Fraunhofer IMS presented ~ November 15 at Fraunhofer-Haus.
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VISION 2010

As in the years before Fraunhofer IMS took place in the
VISION fair in Stuttgart fom November 9% to 11% 2010. Fraun-
hofer IMS presented its news in the field of 3D CMOS image
sensor technology working on the time-of-flight principle and
infrared sensor technology.

Special interest was given to the infrared sensors which
provide a better level of safety for drivers. Objects at roughly
body temperature are luminous in the infrared region at a
wavelength of around ten micrometers. Detectors in the
camera register this thermal radiation and locate the source of
heat. This enables drivers to see people or animals long before
they come into vision through dipped headlights. Another
advantage: Other road users are not inconvenienced by the
invisible infrared radiation.

Journalists were especially interested in these research results
and, as a result, these news were presented on the first page
of the fair newspaper.

ELECTRONICA 2010 IN

The Electronica Fair in Munic counts among the biggest trade
fairs worldwide and presents concentrated expert knowledge
in nearly all consumer segments and user industries — from
automotive and industrial electronics to embedded, wireless,
medical electronics and MEMS.

It is the meeting place for decision-makers who search for
attractive offers and for good products to meet current and
future requirements.

A few words about the fair:

The VISION is an international trade fair for industrial image
processing and identification technologies. It is the meeting
place of all players this sector and therefore the most impor-
tant marketing tool in order to meet international customers
and to present to them the latest developments in image
processing.

Approximately 6,800 visitors from over 50 countries, predomi-
nantly from Europe but also from overseas, mainly from the
USA and South Korea, came to Stuttgart this year to obtain
information at the world trade fair for machine vision.

MUNIC

Fraunhofer IMS presented the following topics:

e Innovative computer process control for micro reactors in the
chemical industry

¢ High Temperature ASICS and processes for applications up
to 250 degree

¢ Vacuum isolation panels with integrated low power pressure
sensor ASIC and wireless communication

¢ Medical implants with integrated low power pressure and
temperature ASIC and wireless communication

* Image Sensores for high demands (aerospace 3D Imagesensors)

All'in all the fair was a big success.
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THE FRAUNHOFER-TALENT-SCHOOL

From November 4™ to 6" 2010 the Fraunhofer-Talent-School took place at IMS

Setting up radio circuits, learning to understand the construc-
tion of microchips and the design and simulation of a chip
at the computer — these tasks were a cool challenge for the

participants of the Duisburger Fraunhofer-Talent-School 2010.

33 interested teenagers from whole Germany, but pre-
dominantly from North-Rhine Westphalia, met on Novem-
ber 4 at the Fraunhofer IMS Talent-School to experience
the microelectronic working environments of engineers and
scientists and to get useful incentives for their own career.

The Workshop 1 “Mit uns funkt's — Vom Schwingkreis zur
Funkanwendung” (“... — From the oscillating circuit to the
radio application”) focussed on constructing microcontroller
circuits and to start running them. The teenagers for example
brazed devices on circuit boards.

920

During Workshop 2 “Chips und mehr” (“Chips and more”)
the participants got a taste of the fascinating world of
microelectronics. The clean room and laboratory tours pointed
up the complexity of chip design. The participants worked
practically with chips, oscilloscopes and microprocessors.

In Workshop 3 “Rechnergestltzter Schaltungsentwurf — Wie
kommt die Schaltung auf den Chip?” (Computer-aided circuit
design — How do circuit and chip meet?”) the teenagers
learned about different design processes and the correspond-
ing CAE-Software. On the basis of a small specimen circuit,
the participants independently sampled the design of a circuit.
After some failed attempts, they had an error-free working
circuit.

Well, no one is born a master!

Fraunhofer IMS Annual Report 2010




WORKSHOP:
RELIABILITY OF SEMICONDUCTOR DEVICES

On March 18" 2010 the Workshop on the reliability of semi-
conductor devices took place in the Fraunhofer-inHaus-Center
in Duisburg. This workshop was organised in cooperation with
the GMM (Gesellschaft fir Mikroelektronik) and around 50
participants from industry took part.

Microelectronics expands more and more into sensitive areas
in which malfunctions can cause large material damage or
even negative effects on health, for example in medical and
automotive engineering. In automotive engineering the devel-
opment ranges from comfort electronics, driver assistance and
tasks in the power train to topics like “Drive by Wire".

In addition, the requirements of the rough ambience in
automobiles (temperature change, humidity, impurities) have
to be considered. In medical engineering implantable systems,
which do not only measure but also act e.g. by pharmaceuti-
cal dosage in the combat against diabetes, are developed.
Therefore, microelectronic systems have to meet high reliability
requirements. Especially the automotive industry expedites this
topic. Furthermore, a particular reliability is required for space
technology and military applications. The small quantities
required for these areas pose a special challenge. Also in
industrial electronics with its rough ambient conditions the
devices are subjected to special reliability requirements.
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Herzkammerdruck-Bestimmung mittels

implantiertem Sensor

(Frawnhofer IMS) Tm Herz
herrscht Arbeitsteilung: Die
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ke pumpt das mit Saverstoff
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Kérper, Erhiht sich der Druck
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= wenn erforderlich - iber
einen Zeitraum von mehre-
ten Moenaten Daten iiber die

enz biw. Her kelschwi-
che anzeigen.
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e Gefeitke haten.s

dinin regalmdlizan Absthrdan angstracht sind,
aild: Braunhater I

Dienn Beronbeticken miissen einiges aushal-
ten. Frost, Verkehrshelastung und Abpase
setzen ihnen = Hinze kommt Strewsalz ge-
gen Glattets. Nurriumchlorid, das gingigste
Tausale, wird bundeswelt i profen Mengen
wverteilt, Tiei Tauwetter zecfallen dic Salze ou
Jaken. Sie dringen in den Beton ein und zer
stibven dessen finl Zentimeter dicke 2lka-
fische Schutzschiche, Erveichen die peltisten
Salze die Stahlmatten, heginnen dbcsc =0

kenong wickiamer trd vor all o kastene
piinstper erveiclen lisst, wissen die Exper-
ten des Fravnhofer-Tnstituts e Milcroclel-
tromische Schaltungen und Systeme 145 in
Dugsburg, Mit einem Sensortransponder
kdinnen sie die Eindeingtiefe der lonen in
den Beton permanent messen wid iherwa-
chen. Der Sensor wurde von der Material-
priifamstalt fiie das Bauwesen Braunschweig
MPA Braunschweig cotwickelt, die Forscher
vom M5 haben thin o ein passives, kabel-
loses Transpomdersystem integriert, Der
Sensor selfbst Iat it sehe dianen I:.wcudr.uiu-
ten die in Ab-

it sich tragen. Lnser System bezicht die
fiar dlie Messung erfarderliche Energic nicht
Glser eine Battesie, sondern iiber ein magne-
tisches Feld, Br muss daber nicht suspe-
tauscht werden und kann daverhaft im Bau-
werk verbleiben”, sagt Meyer, Drieser lasse
sich anch machktriglich in den Beton sinset-
zen, Derzeit lufen erste Feldversuche, Der

Erruichen goldsie Sules die Stahinatten,
Beginnen lelztere 2u mosten. Die Bausubstan:

ssinden zueinander angehracht sind.
wommen die gelisten Salze an die Eisen-
drihie, beginnen diese 2o resten. e Arnyle-
rung bricht, Anhand der Anzahl der defekien
Eisendriihte ldsst sich feststellen, wie weit die
Eaorrosion fortgeschrinten ist, wit viel Zenti-
meter der Beion-Schuteschicht schon an-
gegriffen sind”, orklirt Frederic Meper, Wis-
senschaltler am Institet fbr Mikraelekra.
mische Schabhungen und Systeme. Aul divse
Weise konne man berechnen, wann die

rosten. Die | k wird g In
der Folpe komme es zu Rissen, Betons

[innen abbrechen,

niiclste ist, Die:
Mussdaten Gbertriigt der Transponder per
Funk an ein Leaeperin das die Bavarbeiter

Sensartransponder wird in cine Versuchs-
britcke der MPA Bravnschweip singelassen
o getestet,

Fraunhofer-Institut fiir Mikroslektro-
nische Sehaltungen und Systeme IMS
FinkenstraBe 61, 47057 Dulsburg

Tel; +49 203 3783130

Fax: =40 203 3703266

E-Mail: infoiiims.fraunhofer.de
Inteenet: wwwims. fraunhofer.de
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New sensor monitors salt penetration

in concrete

manitors the protective coating of
cancrete bridyges, allowing comaslon damage to be detected at an early stage.
Imags courtesy of Fraunhofar M3,

Materials Performance August 2010

The passive

ver a period of
time, bridge com-
ponents may dete-
riorate to the ex-
that the
structure is no longer safe.
While a number of factors

tent

contribute to bridge corro-
=sion, one of the most com-
mon is the use of deicing
salts, a practice that has con-
tributed significantly to
bridge corrosion and is the
leading cause of concrete
bridge deterioration, The
salts cause corrosion of the
’s steel reinforcing

bars and other steel compo-
nents supporting the bridge.
Acooeding to researchers with
hafey-Ciesellschafi Inssitute for Micro
tronic Cirenits and Systems (IMS]
Loy, Gernmany, these salts break down
conponents as the ke
thivws, which then penciate the coneen:
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Infrared camera provides a better view

Infrared cameras see more
than the naked eye and can
make road traffic safer. Ca-
meras for the long-wave in-
frared range, however, have
the disadvantage that the
sensor requires constant
cooling, which adds to the
cost and complexity of the
device. Now a new type of
detector has been develo-
ped which functions at room
temperature.

At night on ap unlit country road:
the bends in the Toad restrict the
vigw zhead and, to make things
worse, it is foggy. The car drver is
exercising all due care and vet still
does nat see the deer on the ad
it is nearly too late. An
€ oy Stop prevents a collish
Whh m= animal just in time. In
such situations infrared cameras
i e a better level of
at roughly body
temperature are luminous in the in-
frared region at a wavelength of
around ten micrometers. Detectors
in the camera register this thermal
radiation and locate the source of
heat. This could enable drivers w0
see peaple or animals Jong hefore
they come into vision through dip-
ped headlights. Other road users
would net be inconvenienced by

Wi could Be the )

the invisible infrared radiation.
The problem is that infrared ca-
meras for the th range

tin Germany to offer this technology™, se1s Dr
Diek Viiter, scientist at the IMS (Bilder: BittgeriFraunhofer IME)

set to change, Research scientists
at the Fraunhofer Institute for bi-
ceoelectronic Clreuits and  Svs-

above five micrometers like it
cold = the sensor has to be con-
stantly cooled down to about mi-
nus 193 degrees Celsins.

Uncooled imagers for the long-
wave infrared range do already
exist teday, but they are mainly
usad in the military sphere and
are maore or less unavallable on
the European market, This is now

Vision Focus November 2010

Durchblick auch in der Nacht

Am Duisburger Fraunhofer Institut wurde ein neuartiger bildgebender Sensor fiir den Infrarotbereich
entwickelt, der im Gegensatz zu alten Ger’éten'auch ohne Kithlung auf minus 193 Grad Celsius funktionfert.

(RP) Infrarotkameras sehen mehr
als das blo&e Auge und kinnen bei-
spielsweise den Straenverkehr si-
cherer machen, Bei Kamems filr

Ieu.chten im fernen infraroten Wel-.

Ienlingenbereich von zehn Mikro-
metern von sich aus. Detektoren in
der Kamem nehmen diese Wirme-

den fernen inf
3enbe.le|c:h ‘muss der Senzor jedoch
gekiihlt werden, was auf-

lung auf und orten so die Wir-
lTleq'uleE Dadurch kénnte der Fah-
hen oder Tiere

lems IME in Duisburg have suc-
eeeded in producing an imaging
SENSOT he long-wave infrared
range that functions at room tem-
peramre.

At the heart of the IRFPA {Infrared
Focal Plane Array) sensor is a mi-
crobolometler — a lemperatu
semsitive detector that ctISDTbS
long-wave infrared ght. To pro-

Fraunhofer IMS
Das Flaun_haffer IMS besteht als ei-

Institut der Fraunho-
fer-Gesellschaft seit Mitte 1984

dange bevor das Abblendlichr sieer-
i 1

Duishirg entwickelt wurde, funk-
tioniert nun auch bei Raumtempe-
rat. ;

Machts unterwegs auf der unbe- -
leuchteten Landstrale: Die kurvige

Strecke ist schwer einzusehen.
noch dazu ist es nebelig. Dement-
sprechend vorsichtig fahrt der Au-
tofabrer—und sieht das Rehauf der
Strafie dennoch erst, als es fast zu
spdt ist. Mir einer Vollbremsung
verhindert erimletzten Moment ei-

nen Zusammenprall mit dem Tier. . -

Infrarotkameras kinnten in einer
solchen Situation fiir melr Sicher-
heit sorgen. Denn Objekte, dieun-

haben,

W R
Das Problem war bislang: Infra-
i filr den

hezog dash‘ﬁeﬁnm‘- =
W i

duce a two-dimensional image,
several microbolometers are com-
bined Lo form an array. If the mi-
crobolomerer absorbs light from a
heat source, itz interior tempera-
ture rises and ity electrical resis-
tance changes. A readout chip
then converts this resistance va-
lue directly into a digital signal,
Previously this was not possible

further intermediate
step - normally the electrical pul-
se is first translated inte an analog
signal and then digitized using an
anak ogfdlggta] converter, »We use
avery specific type of converter, a
nglllé -delta converler, in our
imager. This has enabled us tw
produce a digital signal directlys,
Weller explains.

As complex and costly cooling is
no longer required, further areas
of application become feasible

without a

bieten", sagt Dr. Dirk Weiler, Wis-
senschaftler am IMS.
Viele Anwendungsfelder

Da die anfwindige und kostenin-
tensive Kithlung nicht mehr notig
ist, eriffnen sich neben dem Ein-
satz im Automobil noch we; %2_-
wandungsﬁslder Vo aller ¥
seich von mobilen Gerats

h die neue Entwic

pne(hend der steigen
“forderungen 1992, 2001 und: 2005
baulich erweitert wurde, Das Insti-

bereich oberhalb von fiinf Mikeo-

metern mogen es frostig — der Sen-

s0r muss stindig auf etwa mj.nu.s
193 Grad Celzius her

tut

niges tuns, ist sich Weiler: si(_:her
Dennohne Kihimechanismus Jisst
sich' micht nur Gewlcht sparen.

werden. Zwar gibt es auch heute

schon ungekithite Imager filr den

fernen Infrarothereich, allerdings

werden diese uberwlegend i mili- -
und

tarischen Bereich

sche Enhalhmgennmi smme, ﬁuch die Akk.u]msmng und d.a.nut
die e B

sche I.lmamnhmnnﬂnesdmelie erhoht sich, da dle Energevetsor—

un gumg fiir die Kithlung wegfillt.

'lung ermioglichen. Das Institut te1- Ein potenzielles Einsatzgebiet fiir
tet als Machfolger von- Prof. Dr. mnbde Infrarotkameras st de::
Giinter Zimmer seit dem 1. Januar } etwa um Ve

Prof. Dr. Anton Gl oder Per-

sind am europaischen Markt kaum

verfiighar, Das soll sich nun an— _menh Infrarotbereich zufertigen, der
dern: den Du = hei
Forschem ist s I Deutschl wimnwh- die ers-
benden Sensor filr de.n ﬂer- 1en, die ein Te an

gefiihe Kéirpertemp

Rheinische Post Juli 2010

sunmmmramh(en(iebﬁudenzu
lokalisieren, Erste Labortests mit
dem neuen Sensorelement waren
erfolgreich: Die Forscher konnten
bereits - einige Infrarotbilder auf-
nehmen.

Infrared image taken by the Fraunhofer
researchers.

The technelogy could be linked to automatic braking

systems that stop the car when a person or animal

looms out of the darkness, or "augmented reality”

style head-up displays that show otherwlse invisible

objects on the driver's screen,

The new cameras are suitable for everyday use in
cars because they work at room temperature, Most
cameras that work in the long-wave infrared
spectrum - the bit that objects at body temperature
are visible in, like humans and animals - need to be
constantly kept ecol, to around 80 Kelvin {-193C or -
315F). THat is prohibitively difficult and expensive
to do in road vehicles.

Room-temperature infrared cameras do exist, but
the technology is largely held by the US military and
almost impossible to get in Europe.

However, a German research group, the Fraunhofer
Institute for Microelectronic Circuits and Systems
M5, has created a room-temperature sensor, the
Infrared Focal Plane Array {IRFPA), that will be made

www.impactlab.com Juli 2010

Detektor fiir Infrarotkameras
arbeitet ohne Kithlung

Eorscher des Fraunhofer-Institutes IMS ha-
ben einen Detektor fiir den fernen Infrarot-
bereich entwickelt, der bei Raumtempera-
tur arbeitet. Weil die aufwendige und kos-
tenintensive Kithlung nicht mehr nétig sei,
erbfneten sich zahlreiche Anwendungs-
felder, vor allem im Bereich von mobilen
Geridten, Denn ohne Kihlmechanismus
lasse sich nicht nur Gewicht sparen. Auch
die Akkuleistung und damit die Betriebs-
zeit des mobilen Geriits erhéhe sich. Ein
potenzielles Einsatzgebiet fiir mobile Infra-
rotlameras sei der Brandschutz, etwa um
versteckte Glutnester aufzuspiiren.

Management & Aktuelles Juli 2010
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Farbsensoren fiir bessere Sicht

Sogenannte CMOS-Bildsensoren von
Spezialkameras, etwa bei Fahreras-
sistenzsystemen, sehen meist nur
schwarzweil und haben eine begrenz-
te Lichtempfindlichkeit. Es gibt sie in-
zwischen in einer Version, die Farbe
erkennen und wesentlich lichtempfind-
licher sein sollen. Fiir viele Fahrassi-
stenzsysteme sind hochwertige Kameras

Suddeutsche Zeitung Marz 2010

notwendig, die vielerlei Anforderungen
geniigen miissen. Hohe Umgebungs-
temperaturen etwa, kleine BaugroBen
und natiirlich Robustheit wird ebenfalls
verlangt, AuBerdem darf ihren ,,Augen”
nichts entgehen, und sie sollten we-
nig kosten. Derzeit verwendet man fiir
die meisten Systeme im Auto CMOS-
Sensoren. Das sind Halbleiterchips, die
Lichtsignale in elektrische Impulse ves-

Auf extreme Temperaturen vorbereitet

Bildsensoren, die zur Qualitéitskontrolle in der Produktions-
technilcoder flir elektronische Einparkhilfen in Autos verwendet
werden, mlissen hitzebestdndig sein — schliefilich herrschen
dort oft sehr hohe Temperaturen. Forscher haben jetzt einen

Eine weitere Besonderheit des
Sensors ist seine Bildgrofe von

prazise wiedergegeben. Selbst
bei schwachen Lichtverhilmis-

wandeln und in den meisten Digitalka-
meras eingebaut sind. Doch bisher sind
die Sensoren fiir Industrie- und Spezi-
alkameras meist farbenblind. Forscher
vom Fraunhofer-Institut fiir Mikroelek-
trische Schaltungen und Systeme IMS
in Duisburg bringen Farbe ins Spiel:
Sie haben einen neuen Fertigungs-Pro-
zess fiir Bildsensoren entwickelt, der
den Chips beibringt, Farbe zu sehen, §Z

Researchers develop image sensor for rough
environments
Christoph Hammerschmidt

2,5 x 2,5 em. Der Morteil; »Fir
Anwendungen mit schwacher

sen reagiert der Sensor mit ho-
her Empfindlichkeit, so dass er

CMOS-Chip gefertigt, der bel 115 *C noch funktioniert.

Imer mehr Automobilherstel-
ler slatlen ihre Fahrzeuge mil
Elldsensoren aus - elwa um
Fubganger, Fahrzeuge im tolen
Winkel und Bordstelne i elele-
tronische Elnparkhilfen zu er-
kennen. Die Sensoren milssen
auch bei extrem hohen Tempe-
raturen und in gleifendem Son-
nenlicht funktionieren, 5ind sie
etwa am Rilckspiegel oder auf
dem Armaturenbrett angebracht,
kiimnen sie sehr heifl werden.

TDas Fraunhofer-Institut fir
Mikroelektronische Schaltungen
und Systeme IMS in Duishurg
liat daher im Auftrag eines Induo-
striekunden  einen CMOS5-
Bildsensor entwickelt, der Um-
gebungslemperaturen von -40
bis + 115 *C slandhdlt, sBislang
erhdltliche CCD-Bildsenzoren
versagen ab etwa 6l *Ce, erliu-
tert Werner Brockherde, Abtel-
Iungsleiter am IMS. vUnser Chip
dagegen ist nicht nur hitzebe-
stindig, er funktioniert auch bei
arktischen Temperaturen,«

Den Forschern ist es gelungen,
Pixel zu entwickeln, die einen
hezonders geringen Dunkelstmom
aufweigen, Dieser Reststrom, der
bei volistindiger Dunkelheit
fliekt, erméglicht Brockherde zu-
fulge auch el grofer Hitze qua-
litativ gute Aufnahmen. =Einen

Beleuchtung oder filr Aufnahmen
im Enfravot- ader UV-Bereich lisst
sich der Sensor direldt an einen
elektronischen Bil drker an-

niedrigen [ 211 erzie-
len, war keine leichte Aufgabes,
verdentlicht er. »Erhiiht sich die
Temperatur um 8 °C, so verdop-
pelt das den Dunkelstrom - Bild-
rauschen und reduzierte Dyna-

Der CMOS-Sensor
M55t sich dirakt
an ainon elokironischan
Bildverstirker anschliafion,
Quelle: Fraunhater 15

mik sind die Folge. Geisterbilder
entstehen, die sich in Form von
Artefakten oder flachigen Abbil-
dungen stérend auf dem Bild be-
merkhar machen «

Markt und Technik Oktober 2010
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schliefieny, wie Brockherde be-
tont.

Der Sensor ldst mit 256 x 256
Bildpunkten auf. Sein Dynamik-
hereich bzw, Belichtungsspiel-

raum voun 90 dB sergl fir geoken
Kontrastumfang und hohe De-
tailgenauigheit sowobl in Schat-
ten- als auch in sehe hellen Ge-
reichen. Lichtnuancen werden

sich auch fiir Nachtsichigerite
eignet,

Dariiber hinaus unterstiitzt
der Chip sowohl Kameras mit
Synchron- als auch mit Asyn-
chron-Verschluss: Der synchro-
ne Verschlugs verhindert Bews:
gungsartefakie, etwa beim Auf-
nehmen schneller Bewegungen,

For ive apolicati requiring very iow and very high
ambient lemp: . stlenllals from [ha F institute for
i ol {Duisburg. 1 has loped a

CMOS image sensor capable of warking at an extended
lemperature range from -40 through 118 degrees Celsius,

Widespread image sensors based on CCD technology (Charge-
Coupled Devica} ars opsralional al ambien| lemperal afuple
60 deg Calsius. The f Insfitute r hevs claim they
have developed a pixel architectura leaturing an exiremaly low dark
gurrent. This residual curran| doubles with avery 8 degress of

s0 dass sich die B -
schirfe reduziert.

Der Schlitzverschluss dage-
gen erlaubt eine héhere Biid-
rate und koatinuierliche Bildauf-
nahme, was das Bildrauschen
minimiert, »Wir haben den Sen
sor in einem Standardprozess
mit 0,5-pm-CMO5-Technik in
unserer eigenen Halbleiterfabrik
hergestellts, fithrt Brockherde
aus. =Fiir Industriekunden ferti-
gen wir dort auch Senderbauele-
el

Auber dem Automabilsektor
hat der Wissenschaitler noch
weitere Mirkte im B slnser

- Chip eignet sich auch fir den

Einzatz in Produltionsanlagen
der chemischen oder der Stahl-
industrie, wo er zur Prozess- und
Qualitaiskontrolle dienen kanis,
zagt er. »In einer Walzstrafte bei-
pielsweize, wo Bleche gepresst
werden, herrschen ja sebr hohe
‘Temperaturen.«

Zn sehen ist der CMOS-Bildsen-
sor auf der Messe Vision in Stutt-
garl vom 9. bis zum 11, November
2010 {Stand & D12). [ak) [ ]

[l , causing signal noise and reducing the
avaliable dynamic range of the device. The reduction of this curreni,
which flows even in plete dark , makes it pussible to caplure
very high-guality Imagas even In extrame heal, 2aid Fraunhofer
researcher Werner Brockherde.

The CMOS-based Imaga sensor developed by Fraunhofer features
a dynarmic range or exposure iziitude of 80 dB, resulling in high
contrast and optimized detail reproduction in shadow as well as in
very bright segments of the image. |1z very high sensilivity and low
noise makes the device svited for night vision gear, the researchers
claim.

The device was developed within a cusiomer project with somewhat
unusual specifications: Despite its large size, the sonsor features a
resolution of only 256 x 256 pixel. "It was a customer-specific
design,” sald Brock The signal i of tha
davice have been made possible by the relatively large geometries
al semiconducior level: The device nas been designed and
manufaciured with a feature size of 0 Bmicrons.

Besides automotive applications, the image sensor couid be used In
precess control and quality assurance appications in the chemical
and stesl indusiry, Brockherde said.

EE Times Oktober 2010
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Forschung & Wissen

Haustiir steht und klingelt, sondern
auch Fotops von Besuchern macht,
wihrend der Mieter auBier Haus ist.
Bevor jemand seine Wohnung verldsst,
beriihrt er kurz das Piktogramm , Haus"
auf dem Bildschirm. Paul meldet dann
Auffilliges: Das Fenster in der Kiiche
steht offen, das Licht im Schlafzimmer
brennt noch. Verlésst der Mieter die
Wohnung, wird auch das vom Compu-
ter erfasst.

+Damit unsere Lisungen im Alltag
funiktionieren, arbeiten wir an der Uni-
versitit eng mit der Abteilung Stadt-
soziologie zusarnmen”, erkldrt Floeck.
Dort testete Professorin Annette Spel-
lerberg beispielsweise, ob die Bediener-
oberfliche des Bildschirms einfach
und fiir jedermann verstandlich ist.
Tatsiichlich kommt Paul ohne Bedie-
nungsanleitung aus: Tippt der Bewoh-
ner am Monitor auf das Symbol fiir
Telefon, kann er jemanden anrufen,
beriihrt er das Haus, werden alle wich-
tigen Informationen {iber die Wohnung
angezeigt. Fiir diese besondere Aus-

Apotheken Umschau Januar 2010

TTO aY )

W i mit inter

5

Spiegel

{fraunhofer) Unzer _Ambi-
ant Assisled Living” (AAL)
werden Konzeple, Produkle
unel Dienstleistungen ver-
slanden, die neus Techno-
fagien und soziales Undeld
rsteinander verbinden und
wirbessemn. Zial ist, die Le-
fir

Menschen berefgesteR, Aul
diese Weise soll thre Auto-
nomie arhdht und inen ain
|Engarar Verbiall in ihver ga-
wohnlen Limgebong ermdg-
licht warden, Die Konzepla
basieren auf der Grundidee,
Anwesenheit und Handlun-

in allen Lebensabschnit:
ten zu erhdhen {Bundesmi-
misterium for Bildung und

gen von ECS
kennen und unierstiizend
einzuwirken, ohne stérend
enzugreden.

Praxis Ergotherapie Februar 2010

Wer hidtte vor ein pasr dshren gedachl, dass wir wnsene Wahrison-
mmar mat High-Defintion.Sildschirmen zu vollwertigen Kinag auf.
wrten wilrden? Dass Spieleckonsoien In vielen Haushalton qum
Standard gehiiren? Dass Présentationsbeamer aus Konferenzeau-
emven Fingst nicht meir wegzudenken sind? Fiir all diess Falle fat
Aerker eln Partfalie an Multimedia-Steckdesen aufigeiegt, mit denen
sich medernste Unterhaltungscicktranik nahtios integdcnen [dsst
b5 giner der erster deutschen Schaltechersteller bietet Berker damit
in Wultimed lusspakel mit Vioeteilen, die fast b i

Symbole: Mit einer leichten Berlhrung
wird die Toilettenhbhe eingestellt

stattung ihrer Wohnung zahlen die
Mieter derzeit zwei Euro pro Quadrat-
meter und Monat zusétzlich.

Das Bad merkt sich alles

Menschen zu unterstiitzen, ohne sie in
ihrer Privatsphiire zu stiren, ist auch
das Ziel des Projekts ,Assistive Bad-
umgebung”, das Wissenschaftler am
Fraunhofer-Institut fiir Mikroelektro-

gend sind wie ein guter Heimkinoahend;

+ Geeignet fir karventicnelie Stechverbindungen wie auch An-
sehiuse neuarliger Cesiitegenerstianen = 6 Full D)

S i Recetver, HIH-Anl; d DV Flayer

+ USEAMInG Audie-Steckease fur mobile Endgerite sowle PC-
Peripheriegerite

+ WGASteckdose fiir Motebooks, Bearner und PC-Manstore {auch fiir

hochauflésende LCD-Monitore geeignet

» High-Befinith fir alle neven Un
tronik-Geriite (HDMI]

- Gingige finbamatetiaken, daher sinfiche Mortage

+ Merfignar In ferker Standasd. und Flachenprogrammen

Das Sartiment ist ab Ghiober 2010 beferbar,

® @9
e ®

Ein Haus denkt mit - innovative
Technik fiir das Wohnen von morgen

Die Zukunft wohnt in einer Doppel-
haushilfte hinter einer Klinker-Fassade.
Allein eine Vielzahl von Schaltern and
Table.ms deutet darauf hin, dass dieses

Lempen schalten ab, die Heizung dros-
zelt die Leistung, alle nicht bendtigten
Gerdite steben auf Stand-by,

Bisher sind die helfenden }Iauser
noch Experiment. Ein

Aul das matte Glas der Kleider-
schrank-Front lisst sich 2.8, das Fem-
sehbild projizicren.

Uberwachung im Schlaf

g 1 1t i

der Praunh Gesallechift k

ist mit Technik. BUS-Syst Jurchzi
hen die Winde, Sensaven, Funkmodule,
Computer kommunizieren miteinander.
So sieht das Versuchslabor fife das Woh-
T YO MOTZen 4us,

Das Projekt inflaus Duisburg ist
Deutschlands grifites Labor fir Am-
bient Assisted Living (AAL). Das Bun-
desministerinm fiie Forschung ithersatzt
den Begriff mit “altersgerechie Assi-

zu den Chancen von Ambient Assisted
Living, dass es bisher nach mn:a zehn

Puls- frequenz. Falls exforderlich, kann
bei Auffilligkeiten sutomatisch Hilfe
geholt werden,

Jahren Forschung keinen funku

den Markt gebe. Die Autoren Gescheh gewdhnlict

auf die Zukunft. ktnnen astomatisch Machbarn, Kinder,
Beredier Splege] Service-Center oder anch Polizei und
Auf dem Badezi piegel erschei-  Fe hir alarmiert werden,

mm Piklogramme, dic durch dlc tigliche

slenesysteme fiir ein gesundes und un-
ahhiingiges Leben” und [irdert den Be-
reich republibweit mit 125 Millionen
Eura.

Das intelligente Haus ist vernetzr
"Wir entwickeln Szenarien, bei deneu

perhyg flbren, Nach dem Toi-
lethmgung Ieuchtet dus Symbol "Hinde
wuschen™ auf. Medikamentencinnahme
wird angezeigt mit Priiparat und Dosie-
rung,
Schlanes Bad
Intelligente  Armaturen  regulicren

sich Geriite und Abldofe
steuern", ericlirt Christian Ressel, Lei-
ter des Geschifisfelds Wohnen beim
Fraunhofer inHaus-Zentrum, Mensch
und Hous kommunizieren. So teilt der
Bewohner beispielsweise iiber einen
Touchscreen mit: "Ich gehe zu Ben”
Mun setzt sich das vorbestimmie Szena-
rio in Gang: Die Jalousie fihrt herunter,

Focus April 2010

P und W

Kontrolle am Ausgang

Drer Bewohner teift am Touchpanel
dem Haus mit, ob er kommt oder geht.
Auch kann er Gberprifen, ob z.B. die
Fenster geschlossen, der Herd abge-
schalter oder die Lichier geldzcht sind.
Wenn nicht, 14sst sich dies von hier aus
nachholen.

Sensitiver Fuboden

Eine Vielzahl von Sensorcn erkennt
Position und Bewegungsverhalten. st
z.B. eine Person gestliezt, kann ein Net-
ruf auspeldst werden

Fingebaute Technik

Sensoren, Funkmodule, Rewegungs-
melder registrieren, was im Haus ge-
schight,

Maohile Hausstenerung

Uber ein tragbares Gertit Jassen sich
Licht, Heizong, Fenster usw. bedienen.

Fernseher als Schaltzentrale

Auch der TV-Monitor kann als Ter-
minal benutzt werden, um das komplette
Haus zu stevern,

Eine Wohnung, die mitdenkt

\den Alltag fiir M

leben
‘ rnn aufln ahed siemand, diss  K\gine Helfer
‘hhiner der denkmalgeschiltz-
e Fassade des renivetien In der Wobnung
i Bad D ¥

Straite In

neben-
an, Vo sewed Jaliren angen ceort Mister
in: der fingste nuch keing 30, der il-
tesse 56, Singles und Paare. Sie alle
testem b, Wit g3 sich i techmik-

e nachges, wer das B
eaunr: vergiast der

Barwizkiver eitss KRgfeta E&7
Rouine - ture Beapisi |
&

assisted living”. Ieben Jsse. sisnating -, pischant m.-l-m«

miized méchien wir den Mersscher

m Spicgel.

Bar ingene Zelr ¢ sebathestimmies
Leben in den elgenen vier Windes
umd ihrem sozialen Umfek! ermiig-
lichen®, sagt Martin Foeck vom der
'lrvclmnd:vllUlllm:Im(Kasmlw

fahae sein. Viede van ihnes kinnges
dannsolche Hilfen brauchen, die der-
et an mehseren Foushnfer-insil-
tuten urdd verschiedenen denschen
Hochschulen entwickelt werden.

Sensoren signalisieren ARLVItHt

Fr dit Benutzer nlcht wahrmehm-
ar, b Hasehveeski in der Mber-
Schweltzer-Simite belspilsweise
mehr #ls 600 Senseeen cingehaut,
B~

i
mer st Paud, der perstmiiche Assistent
it upersaiitenes Leben, der sich in
jeder der 20 Nﬂulmll bc‘lmu(
ok,

Mt Berker Confort Center 5 prisentierl Barker cen Protolyg eines
neuartigen Toushpanels, das die Hausstewening vallig neu begreift
i seiner infelligenten Technit (her die Wielfalt an Mbglichkeiten
bis biin 2ur kensequent fogischen Bedienung, Eirfach 2y bedienen
Mit seinem kapazitiven Touthscraen Fisst sich das Berker Comfeel
Lenter h bedl wieein , Das Berker
Comfart Ceater g kann alles, was ein intelligentes Haus brauchi:
Sleuering ven Wit und Klima, Jalcusien und Reliaden, Lcht und

(bersicht isher alle wichtigen Funktianen und Energleverbriauche.
Dariber hinaus eine ganze Reibe vor Aufigaben, die den Alltag er-
Izichtern — wie 2. B. Video-Mema, E-Mail, R3S, Datenlogger, Wetler-
mmzdul, Spiegel funkbicn. en anderen Haussteusrungsgeriten un
terscheldet o5 sich durch din Wicifalt der Funktianen; der kapazithe
Bildschirm, der wie beim iPhoae funklions \'L die Unkompliziertheit
der i, die omnsey ierle Gestaltung und

Adtmarlla Aeckie

Smart Homes Mai/Juni 2010

fax piire, eclle Design.

mit Handizap und fiir Sendoren

St

Wohnaimamer Weil
der Fainpatar Hut,
bersint die Bewobne-
in de Tarkingel. Am
ustisen Bidscitimrnd
avigt daen in Schrift-
band 2n: Ex kgt
Licht- uad Fenstir.
Senunit sachan

SerWizhaiing eesnelien
in Pl o Tanges-
abidule ehes Nisters.
Badert sich das Master

erkllirt Dip) ) e Ak, fiesiet
Paud 51 keine Persan, wsdnm N Kiaehs Dieverpessene Herdplaltn . 5 g Spstem sine
Computer, der Gber einen besdh- mhlmwwnmalmm.mr 3 ickmeliing, Sheint
Hildschirm b~ pa seachiet o iea FI B s, alreian o
auf dem Bidschirm, ma‘«Mw- Hachbaen oder giren

e wind.

In digssen Rechaor lufen alle
Informacinrsen aus der fewedligen
Wl 7usemmen, Ghermiteelt

b Vilassen des Wabaung seht.

Apotheken Umschau Januar 2010

INHAUS 1 UND INHAUS 2

Las fnHpis-Aeitrion filr e

telllgente Betiwate nped eyl i ¢ H Iy i
s F fer-Ttitents ffir Mik L i antiel S_wrwm- rJMXJ.
l R} Die .'I'IHIIH(I A.lrmg< it ein b fir der ¥ if i
|III (el [ der WA hafty, die eHaes 2-Andiage fiin
|I I . l i W i (Biirn, Hatel, | I i Filgeleinn,
Huspitall, Sig if; chert Evitwickintgeer, Tests il Desmonstriotione
il werdens fife Weiterbildungen gemtat, un T RTR

WERM .

Das AAL-Magazin Februar 2010
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