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German industry enjoyed a good year in 2011. The success of 2010 was followed by solid 

economicgrowth,whichhasboostedconfidenceinongoingfavorableprospects.Fraunhofer

IZM once again proved itself a reliable partner in research and development during this time  

by  advancing innovative product ideas from the pre-development phase to series manufacture 

competently, rapidly, and according to the needs of the application in question. Our interna-

tionalpartnersalsobenefitedfromthis.

Ourstrongperformanceinresearchanddevelopmentwasreflectedbyourexcellentassess-

ment in the research rating exercise conducted by the German Council of Science and Humani-

ties, which scrutinized 47 electrotechnology research institutes. Research performance, effec-

tiveness,efficiency,advancementofyoungresearchersandknowledgetransfer–Fraunhofer

IZM received top marks in all areas, ranging from very good to excellent. We are proud of these 

results. Only those who lead research and development today can demonstrate excellent results 

in transferring know-how into industry tomorrow.

This excellent outcome was made possible by the expertise of our staff, who develop convinc-

ing, customer-oriented solutions in highly effective, interdisciplinary teams. Using the process-

ing lines for wafer processing (up to 300 mm), system integration (e. g. 3D with TSVs) and PCB 

manufacturing (e. g. large area embedding), we have been able to advance and implement new 

standardsthatreflectrealmanufacturingconditions.

A sTRONg TEAm:  
iNdUsTRy ANd  
FRAUNhOFER iZm

Prof. Klaus-Dieter Lang,  

Institutsleiter Fraunhofer IZM

/ /  p r e F a C e
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I would like to take this opportunity to thank our partners and 

customers from industry and research, the federal and Länder 

ministries and the project coordinating bodies for their trust 

and the excellent collaboration.

And not to forget all the Fraunhofer IZM employees for their 

excellent work, tireless commitment and ongoing creative 

 input in this dynamic research area – my sincere thanks go  

to you too!

Yours,

Prof. Dr. Klaus-Dieter Lang, Director Fraunhofer IZM

We also have designated experts for power electronics, photo-

nics, automotive technology, safety and security technology 

andmedicalengineering.Apartfrombeingthefirstport-of-

call for new ideas in these promising application areas, they 

also assemble project teams that will best meet the needs of 

the development ideas in question and coordinate the group’s 

activities.

One example of the many successful collaborations with 

 customers from industry is the microcamera, which was one  

of the winners of the Germany-wide innovation competition 

»365 Landmarks in the Land of Ideas«. The tiny camera, with 

dimensions of less than a millimeter, is inspiring completely 

new project ideas in addition to its established application in 

endoscopes. 

Whatever your goals in the development and application of 

microelectronic systems and microsystem technology – we 

help you with the design, the technology, qualifying the 

 manufacturing process, reliability and environmental impact 

 assessment of your products, either as individual services or 

throughouttheentireprocess,fromthefirstconceptstudy 

to series manufacturing.

Feel free to get in touch with me or one of our 200 scien- 

tificstaffmembersinBerlin,DresdenorOberpfaffenhofen.

Togetherwecanrealizeefficientandcost-effectivesystem

 integration technologies for competitive products.
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FRAUNhOFER – 
A sTRONg NETwORk

Fraunhofer group Microelectronics

Fraunhofer has pooled the competences of institutes working 

in related subject areas in the seven Fraunhofer Groups Infor-

mation and Communication Technology, Life Sciences, Light & 

Surfaces, Microelectronics, Production, Defence and Security, 

and Materials and Components. Fraunhofer IZM is a member 

of the Fraunhofer Group Microelectronics and is your partner 

for packaging and smart system integration.

TheFraunhoferGroupMicroelectronicsVμEhasbeencoordi-

nating the activities of Fraunhofer Institutes working in the 

fieldsofmicroelectronicsandmicrointegrationsince1996.Its

membership consists of thirteen institutes as full members and 

three as associated members, with a total workforce of around 

2,700 and a combined budget of roughly € 307 million. The 

purposeoftheFraunhoferVμEistoscoutfornewtrendsin

microelectronics technologies and applications and to inte-

grate them in the strategic planning of the member institutes. 

The group pools the core competences of its member insti-

tutesinthefollowingcross-sectionalfieldsofcompetence:

Technology – from CMOS to Smart System Integration •

Communication Technologies •

Safety & Security•

as well as in the application-orientated business areas:

Ambient Assisted Living & Health •

EnergyEfficiency•

Mobility •

Smart Living•

www.mikroelektronik.fraunhofer.de

/ /  F r a u n h o F e r  I Z M

the Fraunhofer-gesellschaft

Fraunhofer IZM is one of 60 Fraunhofer Institutes conducting 

applied research predominantly in the realm of science and 

 engineering, because research of practical utility lies at the 

heart of all activities pursued by the Fraunhofer-Gesellschaft. 

Its services are solicited by customers and contractual partners 

in industry, the service sector and public administration.

Themajorityofthemorethan20,000staffarequalifiedscien-

tists and engineers, who work with an annual research budget 

of € 1.8 billion. Of this sum, € 1.5 billion is generated through 

contract research.

Withitsclearlydefinedmissionofapplication-orientedre-

search and its focus on key technologies of relevance to the 

future, the Fraunhofer-Gesellschaft plays a prominent role in 

the German and European innovation process. Applied re-

search has a knock-on effect that extends beyond the direct 

benefitsperceivedbythecustomer:Throughtheirresearch

and development work, the Fraunhofer Institutes help to rein-

force the competitive strength of the economy in their local 

region, and throughout Germany and Europe. They do so by 

promoting innovation, strengthening the technological base, 

improving the acceptance of new technologies, and helping  

to train the urgently needed future generation of scientists 

and engineers.
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Fraunhofer IZM specializes in applied research that meets the needs of industry. Its four tech-

nology clusters cover all aspects of developing and integrating reliable electronics. The technol-

ogies and product solutions developed at Fraunhofer IZM are easily transferred to industrial 

processes. Moreover, the institute’s equipment and infrastructure, to which all our customers 

haveequalaccess,reflectsrealindustryconditions.Wealsointroducetechnologieson-siteif

 required.

Our customers come from as many different branches as there are application areas for elec-

tronics,includingthelargesemiconductorfirmsandmaterial,machineandequipmentsuppli-

ers. But Fraunhofer IZM is equally focused on developing electronics and microsystems for the 

automotive industry, medical engineering, industrial electronics and even the lighting and tex-

tile industries. 

The institute is active around the world and its research advances electronic packaging inter-

nationally. The institute’s staff sit on national and international committees that develop the 

frameworks necessary for innovative integration technologies. 

Responsibility for individual application areas and key research topics is spread across different 

departments, which ensures that the full breadth of applicable technologies is always available. 

This organizational structure is also a response to the fact that technology development is 

 increasingly shaped by the application. Promising up-and-coming topics are designated as key 

 research topics, and are monitored and developed in detail by Fraunhofer IZM’s researchers, 

paving the way for future collaborative projects with industry.  

FraunhoferIZMworkscloselywiththeTechnischeUniversitätBerlinandscientificinstitutes

around the world on these basic research questions. The institute has enjoyed a highly produc-

tivecooperationwiththeTUBerlinsinceitsestablishment,whichisreflectedbythecurrent

practice of jointly appointing the institute’s director to a TU professorship. 

yOUR PARTNER 
 FRAUNhOFER iZm
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Fraunhofer IZM has a staff of over 300 and had a turnover of 

€ 24.2 million in 2011, of which over 90 % was earned 

through contract research. The institute has four branches in 

 Germany. Apart from its headquarters near Berlin Mitte, it is 

also represented in Dresden and  Munich, both strategically 

 important centers for electronics development and manufac-

turing. A fourth research group is based at the Berlin technol-

ogy park Adlershof, ensuring close ties to optical technology 

companies and research institutes.  

We consider our contract research customers to be partners  

in research and development: We develop innovative packag-

ingtechnologiesandproduct-specificsolutionsforintegrating

electronics and microsystem technology into your products, 

exclusively for you and according to your requirements. With 

directaccesstoahighlyqualified,interdisciplinaryresearch

team and cutting-edge laboratory equipment, you can be sure 

of the right results and stand to save time and thus reduce 

costs.

Individual contracts are perhaps the most typical type of 

 cooperation. Our customer might want to release a product 

innovation,improveaworkflow,orqualifyandcertifyapro-

cess. Together with Fraunhofer IZM, the possible solutions  

andmethodsofcooperationareidentified,alongwiththe

 expected expense and effort. What form the cooperation 

takes can be decided jointly with the institute. Often a suc-

cessful cooperation starts with a preliminary,  generally free, 

consultation. 

/ /  F r a u n h o F e r  I Z M

Only once the extent of the cooperation has been decided  

andthecorrespondingagreementsfinalizeddoesFraun- 

hofer charge for its R&D. The customer holds ownership of  

the  material project results developed as part of his contract. 

Moreover, he is granted the necessary rights to the inventions, 

property rights and know-how created by  Fraunhofer IZM 

 during the cooperation.

Some problems necessitate pre-competitive research. In these 

cases, it makes sense to strive for a solution together with sev-

eral partners and public funding support. External partners 

and other companies can also be recruited. 

Regardless of whether our customers already know their way 

around electronic packaging or are just getting their toes  

wet – Fraunhofer IZM helps its customers come to grips with 

their reseach and development questions and accompanies 

them on the path from idea to product. In all these cases, 

FraunhoferIZM’sMarketingdivisionistherightfirstport-of-

call. We refer you to the appropriate department, identify the 

best people to talk to or facilitate technical discussions and 

workshopswithourexperts.Youparticularlystandtobenefit

from our extensive services in packaging technology and the 

many technologies that Fraunhofer IZM develops further on  

an ongoing basis.
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Multifunctional security document (SeCudis)
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FRAUNhOFER iZm  
APPLiCATiONs

Invisible, indispensible, Fraunhofer IZM’s packaging technologies have come to shape everyday life. 

The range of applications unthinkable without the institute’s research and development is vast and 

the following pages provide just a brief overview of our diverse research projects and product solu-

tions. A common thread unites the application areas that rely on our technology – a demand for 

morereliable,morecost-efficient,miniaturizedelectronicsandmicrosystemtechnologies.More-

over, today’s technology development has to set the needs of the application as its highest priority. 

Applied research is Fraunhofer IZM’s specialty and the experts listed on the following pages are 

committed to providing the best solution for any and all applications.

----------------------------------------------------------------------------------------------

autoMotIve / transportatIon page 14 

Dr. Andreas Middendorf, andreas.middendorf@izm.fraunhofer.de

----------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------

MedICal engIneerIng page 15

Erik Jung, erik.jung@izm.fraunhofer.de

----------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------

lIghtIng / led page 16

Dr. Rafael Jordan, rafael.jordan@izm.fraunhofer.de 

----------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------

saFety & seCurIty page 17

Ivan Bantchev, ivan.bantchev@izm.fraunhofer.de

----------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------

power eleCtronICs page 18

Dr. Eckart Hoene, eckart.hoene@izm.fraunhofer.de

----------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------

IndustrIal eleCtronICs page 19

Harald Pötter, harald.poetter@izm.fraunhofer.de

----------------------------------------------------------------------------------------------
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automotive / transportation: on the go safely, reliably 

and comfortably

Moderntrafficsystemshavetobeenvironmentallyfriendly

andcost-efficient.High-performance,reliableand,insome

cases, highly miniaturized systems are key tools for developers 

creatinginnovativeformsoftransportandtrafficsystemsfor

road, rail, water and in the air.

Since Fraunhofer IZM’s establishment, every department has 

included these application areas as core competences. The 

 institute helps OEMs, tier 1s and in particular their suppliers 

includeelectronicsinvehiclesquicklyandefficiently.We

 develop future-proof, reliable solutions, if necessary also as 

prototypes, to improve the safety and comfort of conven-

tional, hybrid and electric engines and systems. Our portfolio 

even  includes rail technology, customized for its unique pa-

rameters, not least of which are the much smaller lot sizes. 

Aeronautic applications have to run extremely reliably and 

 predictably, with the additional challenge of the limited build 

space and weight. For shipping technology we have to de-

velop innovations that also withstand moisture and often  

also salt. 

Fraunhofer IZM’s researchers and staff are the right points of 

contact for all stages of development, from the initial idea, to 

the start of manufacturing, through to ensuring availability 

 after commercial release. 

key technologies for electromobility – 5 example 

 projects

FraunhoferIZMisparticipatinginfiveprojectsoftheGerman

Federal Ministry for Education and Research (BMBF) program 

»Key Technologies for Electromobility (STROM)«. 

Specifically,weare:

addressing the reliability and durability of new electronic •

components for electromobility at all stages of the devel-

opment process (project RESCAR).

researching technologies for manufacturing and optimizing •

high-temperature (up to and above 200 °C) PCBs for power 

electronics and electric control units (project HELP).

optimizing soldering technologies for such high-tempera-•

ture boards (project HotPowCon).

developing customized technology for manufacturing reli-•

able, embedded high-current PCBs for power electronics 

and motor control units (project Hi-Level).

improving wire bonding reliability for power electronic •

systems by optimizing materials and processes (project 

RoBE).

services

Our spectrum of services is interdepartmental and covers the 

following areas besides power electronics:

Sensor and actuator technology•

Reliability management and assurance•

Robust design•

AUTOmOTivE / TRANsPORTATiON

1 Sensor module fort the detec-

tion of ambient light

    / /  I n v I s I b l e ,  I n d I s p e n s a b l e  –  F r a u n h o F e r  I Z M ’ s  t e C h n o l o g I e s  a t  w o r k
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mEdiCAL ENgiNEERiNg

Medical engineering - higher performance and smaller, 

finer geometries

Today’s hearing aids are so small that they can be completely 

hidden in the ear canal. Pacemakers work better and last lon-

ger. Simulators help patients get urinary incontinence under 

control. Many of the innovations that have improved the lives 

of patients are the result of advances in microintegration tech-

nology.Diagnosticsisanotherareathatbenefitsgreatlyfrom

such progress. Modern X-ray sensors in dentist practices, 

 microcameras used in endoscopy, high-performance CT sen-

sors or so-called pill cameras, which can simply be swallowed, 

would not have been possible without miniaturization. 

Fraunhofer IZM has been front and center in this development 

process for 15 years. Our know-how in microtechnology and 

innovative integration processes helps manufacturers realize 

innovative new medical engineering products. With demand 

for the institute’s services shifting from pure technology devel-

opment to support throughout the development chain (from 

concept to prototype), the institute has established the new 

research area Medical Engineering. 

Now manufacturers and research partners have a one-stop 

contact for all of Fraunhofer IZM’s services in this area, which 

allows them to select a technology that is precisely tailored to 

their individual requirements. Of course, Fraunhofer IZM also 

performs customized reliability analyses, evaluates biocompati-

bility and assesses risk according to ISO standards, which are 

all based on an understanding of the relevant processes, mate-

rialsandapplication-specificfailures.Oftensimulationmodels

that draw on this background data are also used.

Cajal4eu - point-of-care diagnostics

Fraunhofer IZM participates in government projects and   bi- 

and trilateral cooperations with medical engineering compa-

nies and researchers throughout Europe and overseas. For ex-

ample, in the European project Cajal4EU (www.cajal4eu.com) 

we are developing a fully integrated diagnosis platform that 

uses nanoelectronic components and covers all aspects of the 

diagnostic process, from taking the specimen through to ana-

lyzing the results.

In the BMBF-funded pilot project KoAl-A we have developed 

an algorithm with the TU Munich to reconstruct a pit viper’s 

infrared organ. This approach, which was derived from biolog-

ical and cognitive science, can also be applied to technical sys-

tems. The Saapho (www.saapho.eu) project is integrating sen-

sor microtechnology into the everyday environment of seniors 

and other people requiring assistance so that their vital statis-

tics and other monitored parameters can be fed into an open-

standard communication platform and used to improve quality 

of life. Here Fraunhofer IZM is contributing to the develop-

ment of an intelligent medicine dispenser, a universally appli-

cable activity monitor and a blood pressure measuring system 

that transmits data via the NFC protocol.

services

Packaging technology and reliability analysis for •

 miniaturized medical devices and implants

Lab-on-substrate technologies for patient-friendly •

 laboratory diagnostics

Improving the functionality of neuronal interfaces  •

and intelligent prostheses

2 Wireless neural interface

    / /  I n v I s I b l e ,  I n d I s p e n s a b l e  –  F r a u n h o F e r  I Z M ’ s  t e C h n o l o g I e s  a t  w o r k
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lighting / led: More light!

The optoelectronics industry is increasingly turning to solid 

state lighting, particularly LEDs. Above all power LEDs are set 

to become widespread in general and street lighting. And 

althoughretrofitproductshaveshownthelargestturnoverto

date,outdatedstandardsarelimitingefficiencygains.

Instead, the future lies in new lighting systems that factor in 

heat dissipation from the very beginning. Fraunhofer IZM has 

much to contribute to this technology shift, because the pack-

aging rather than the socket now limits heat dissipation. 

Moreover, apart from ensuring the required thermal dissipa-

tion, the packaging design also has to balance the differing 

CTEs of the materials used. Further research areas include the 

powersupply’soverallefficiency,thelightextractionandthe

very different operating conditions, ranging from interior light-

ing, to medical products, through to industrial applications in 

corrosive atmospheres.

Fraunhofer IZM is meeting all these challenges. We qualify ex-

isting products, develop alternative joining technologies and 

conduct innovative research into design, simulation, compo-

nent evaluation, process development, product characteriza-

tion and reliability analysis.

We also perform failure analyses and identify failure causes for 

productsinthefield.

.

Cooled – extremely high-performance led assemblies

Fraunhofer IZM is working hand-in-hand with two industry 

leaders on the German Federal Ministry of Education and 

 Research (BMBF) project CooLED. CeramTec GmbH supplies 

 innovative aluminum nitride liquid cooling manufactured by 

extrusion. Fraunhofer IZM’s Oberpfaffenhofen branch is de-

signingthethermalandfluidicparametersandismounting

the cooling body with new LEDs using cutting-edge bonding 

technologies. Excelitas Technologies (previously PerkinElmer 

 Elcos GmbH) then equips the fully functional LED modules 

withelectricalandfluidicinterfacesandopticalsocketing.

Light sources of 600 to 1200 W have been developed in the 

projectthatfeatureathermalfluxofjustoveroneW/mm2, 

has to be evenly distributed across the surface. Fraunhofer IZM 

put together the data on the materials, supplied the design, 

developed packaging processes, helped establish the necessary 

soldering and sintering processes and performed a thermal 

characterization of the modules. 

services

Design, assembly concepts and characterization for:

Chip and substrate evaluations•

3D integration in silicon •

1• st and 2ndlevelinterconnects(includingunderfill)

Wire bonding•

Transparentfillingandconverterapplications•

Primary and secondary optics•

Cooling•

LighTiNg / LEd

3 1200 W LED module with  

Ag-sintered white chips

    / /  I n v I s I b l e ,  I n d I s p e n s a b l e  –  F r a u n h o F e r  I Z M ’ s  t e C h n o l o g I e s  a t  w o r k
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sAFETy & sECURiTy

safety & security: as much as necessary, as little as 

 possible!

Modern safety and security technology is far more than just 

fireandburglaralarmsorsurveillancetechnology.Oursolu-

tions range from sensors integrated into protective clothing 

and textiles for monitoring vital statistics, to technology that 

ensures equipment reliability (component reliability, auto-

nomous sensors, technical textiles), through to technology 

conceptsfortheunambiguousidentificationofobjects(for-

gery protection) and persons (ID cards, access authorization). 

Moreover, we also research the quality assurance of critical 

components (probability of failure, early detection of material 

defects or fatigue).

Intelligent safety and security technology, judiciously applied, 

protects people and equipment in equal measure and ensures 

our day-to-day is safe.

We specialize in the following areas:

Electronicintegrationon/inflexiblesubstratessuch •

as plastics and textiles

Ultrathin systems based on innovative embedding •

 technologies for active and passive components

System concepts for autarkic sensors•

Wireless system and networked sensor node design•

In cooperation with our industry partners we develop tailor-

made concepts, conduct technology-oriented analyses and 

identify the most promising solution approaches. Our work 

makes competitive, innovative products and systems possible 

and opens up new opportunities for our industry partners.

the alarm textile that foils burglars

Designed as burglar alarm system for large surfaces such as 

rooftops and truck platforms, the fabric features conductive 

traces and integrated electronics. Not only damage to the con-

ductive wiring is detected, but also the precise location of the 

failure. Together with ETTLIN AG, we were able to develop just 

such a fabric as part of the project »Alarm Textile«, funded by 

the German federal ministry of economics and technology 

(BMWi)’s central innovation program for SMEs (ZIM).

The alarm textile has many other exciting possibilities, such  

as integration in concrete walls and drywall panels, to secure 

banksafesortofitflooringwithpressuresensorsthatcanbe

configuredtodistinguishbetweenpetsandhumansbytheir

weight. Of course, the electrical currents running through the 

fabric are far too low to pose a danger to humans or animals.

services

Packagingtechnologyforhumanandgoodsidentification•

products (smart cards, RFID)

Integration of electronic components into textiles and •

composites

Embedding of passive and active components for ultrathin •

systems and high-security applications (invisible electronics)

Design of systems for quality assurance•

Antenna and circuit design for safety and security •

 applications

Packaging for mm-wave, terahertz and infrared sensors•

4 Extremely thin transponder 

for security documents

    / /  I n v I s I b l e ,  I n d I s p e n s a b l e  –  F r a u n h o F e r  I Z M ’ s  t e C h n o l o g I e s  a t  w o r k
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power electronics: the key to reducing energy and 

 resource consumption

Power electronics is the technology for developing intelligent 

andflexiblepowersuppliesandcontrolsforthemanydiffe-

rent applications that use electricity. Switching power sup-

plies, electric drives in road and rail vehicles, and large indus-

trialdriveshavetofunctionasefficientlyaspossibletocon- 

serve our natural resources. Using power electronics, e nergy 

from renewable sources can be processed into a form suitable 

for the existing electrical grid.

Fraunhofer IZM develops these innovative and reliable power 

electronic systems. We research the possibilities opened up by 

the new semiconductor materials silicon carbide (SiC) and gal-

lium nitride. The materials require higher temperatures of up 

to 250 °C, which has to be factored into the packaging 

 design.

Thanks to their properties, SiC semiconductors are almost 

perfect switches. High switching speeds combined with para-

sitic capacitances and inductances within the package and at 

the component connections create unwanted oscillation that 

can hamper chip function. However, EMC-optimized package 

design can help reduce losses and keep interference to a mini-

mum. A good connection to the installation environment is 

also important. 

We have the skills and know-how required at every stage of 

the development chain, from system design, to packaging, 

thermal management, electromagnetic compatibility, through 

to reliability and damage analysis.

SoLar – rapid and efficient design of power electronic 

systems

The development of commercially viable, power electronic sys-

tems involves meeting many different and sometimes contra-

dictory requirements. Developers have to ensure the technol-

ogyishighlyefficient,robust,reliableandlowcost,andthatit

has high lifetime, high power density and good electromag-

netic compatibility (EMC). They also have to assess all these 

properties against each other.

The collaborative project SoLar is developing a simulation and 

designtechniqueoftherapidandefficientdesignofpower

electronic systems. The new method will allow developers to 

factorinthemainparametersofnew,highlyefficientpower

electronic systems at an early stage of development using vali-

dated simulation models and optimization strategies. This will 

prevent unnecessary (and expensive) revisions later in the 

 development process.

To analyze the new models, Fraunhofer IZM is developing, 

 assembling and testing a 15 kw solar converter mounted with 

SiC chips.

services

Miniaturization and system integration•

Thermal Management•

Electromagnetic compatibility•

Reliability•

Innovative packaging technologies•

POwER ELECTRONiCs

5 Cu- and Al-ribbon bonding for 

power semicnductors

    / /  I n v I s I b l e ,  I n d I s p e n s a b l e  –  F r a u n h o F e r  I Z M ’ s  t e C h n o l o g I e s  a t  w o r k 

5



19

2

iNdUsTRiAL ELECTRONiCs

Industrial electronics: Innovative and multifaceted

Three main topics currently dominate automation technology: 

energyefficiency,wirelessautomationtechnologyandapplica-

tion-specificsensorpackaging.FraunhoferIZMisdeveloping

application-optimized solutions for each of them.

Energy efficiency

Automation technology is a key means of streamlining design 

and manufacturing processes. Fraunhofer IZM helps busi-

nesses identify potential energy savings and supplies the 

know-how required for the assembly of intelligent power 

 electronics.  Intelligent, because the power and control com-

ponents are integrated into the same housing. Our technolo-

gies also ensure that the power component itself has lower 

dissipation.

wireless automation technology

In wireless automation technology, Fraunhofer IZM’s primary 

areas are power supply, networking, robust communication 

andapplication-specificassemblyofsensornodes.

Application-specific sensor packaging

Sensors for automation technology can almost be said to per-

form miracles. They have to collect data extremely accurately, 

often while exposed to the harshest environmental conditions. 

Packaging takes on a crucial role here. It has to protect the 

sensorsfromenvironmentalinfluenceswithoutimpedingtheir

functionality. Fraunhofer IZM specializes in stress-free and 

highly robust sensor packaging that makes new processing 

windows possible. We also research and develop optical sen-

sor packaging, such as miniaturized camera systems, spec-

trometersandfiberopticsensors.

Monitoring shaft seals in gear motors

Monitoringshaftsealsisdifficult.Toevaluatetheseal’scondi-

tion, mechanics have to disassemble the gear motor, which  

is a very time-intensive task. Freudenberg Dichtungs- und 

Schwingungstechnik GmbH & Co. KG and the Fraunhofer 

 Gesellschaft teamed up to tackle this problem and have devel-

opedasensorwithaself-sufficientpowersupplyintegrated

into the shaft seal, which monitors sealing and temperature. 

By making continuous monitoring possible, the intelligent seal 

prevents sudden damage and failures. 

AnIRreflectionlightbarriermeasuresthesealingfunction.

Temperature and rpm are also measured. An integrated wire-

less interface sends the sensor signal to a receiver in the gear 

housing during operation. From there it is fed into industry-

standard bus systems. An integrated generator provides the 

systemwithaself-sufficientpowersupply.Moreover,gear

motorscanberetrofitwiththeintelligentshaftsealwithout

any additional adjustment measures.

services

Development and assembly of electronics for harsh •

 operating environments

Industrial sensor packaging•

New concepts for integrating sensors into machines  •

and equipment

RFID solutions for industry and logistics•

Robust,energy-efficientpowerelectronics•

Reliability and lifetime testing•

6 RF board mounted on radial seal 

of a gear shaft
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COOPERATiON wiTh 
UNivERsiTiEs
To effect ive ly  real ize i ts  research targets Fraunhofer IZM has formed strategic networks with univers i t ies 

in Germany and abroad. The fol lowing pages provide an overv iew of our most important cooperat ion 

project .

Cooperation with technische universität berlin 

Close collaboration between Fraunhofer institutes and universities throughout Germany and 

 internationally has always been a cornerstone of the Fraunhofer Gesellschaft’s ongoing success.  

Universities bring their innovativeness and their expertise and know-how in basic research to 

the table, while Fraunhofer contributes excellence in applied research, outstanding technical 

 infrastructure, continuity in human resources and long-standing experience in international 

projects.

Fraunhofer IZM’s close relationship with the TU Berlin’s Forschungsschwerpunkt Technologien 

der Mikroperipherik is proof-positive of this collaborative model and dates back to the insti-

tute’s very founding in 1993. Under the stewardship of Professor Herbert Reichl, the institute 

wasoneoftheworld’sfirstresearchinstitutesforpackagingtechnology.

Since February 1st 2011, the traditional double appointment of Fraunhofer IZM Director and 

Head of the Forschungsschwerpunkt Technologien der Mikroperipherik has been held by Pro-

fessor Klaus-Dieter Lang. Both institutions research and develop smart system integration with 

a joint goal, namely to integrate components that may have been manufactured using very dif-

ferent technologies on or in a single carrier substrate at high integration densities to increase 

flexibilityandyieldwhilereducingcosts.

/ /  F r a u n h o F e r  I Z M
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In pursuit of these joint goals, the Forschungsschwerpunkt,  

in cooperation with Fraunhofer IZM, is focusing on basic 

 research into assembly and interconnection technology for 

sensors,  microelectronics and microsystem technology. Key 

 areas of  research include:

Materials and processes for integration technologies on •

wafer, chip and substrate level

Nano interconnect technologies•

Polytronic microsystems•

Reliability from nano structures up to the system•

Sustainable technologies•

System design and modeling•

Fraunhofer IZM also supports teaching at Technische Univer-

sität Berlin by offering students additional seminars and the 

opportunity to participate in national and international re-

search projects.

h-C3: human Centric Communication 

The Human Centric Communication Center, H-C3 for short, 

opened its doors in February 2009. Goal of this TU Berlin ini-

tiative, in which more than 50 TU Berlin departments and  

11 other research institutes are participating, is to facilitate  

the general public’s intuitive access to and handling of grow-

ing amounts of information by developing suitable hardware 

and software technologies. 

Three PhD candidates from Fraunhofer IZM and the Forschun-

gsschwerpunktareworkingonfivedifferentresearchareas

dealing with technological, economic and sociological aspects 

ofhumancommunication.Specifically,theresearchersare

 developing design and integration technologies for the assem-

bly of the required hardware, as well as energy management 

technologies for autarkic sensor networks.

towards zero waste in industrial networks

The European project »Towards Zero Waste in Industrial Net-

works« is concerned with regional collaboration of companies 

from traditionally separate sectors which exchange by-prod-

ucts, energy, water and materials in such way, that the waste 

from one industry becomes raw material for another. The sec-

tors construction, automotive, photovoltaics and laptop pro-

duction are being examined for symbiotic relations. In the 

framework of this project TU Berlin’s Forschungsschwerpunkt 

Technologien der Mikroperipherik develops design for recy-

cling-measures for laptops and photovoltaic systems. 

»Design for Recycling (DfR)« is a part of ecodesign and aims  

at minimizing the environmental impact of products at the 

endoftheir(first)life,bringingtheproductbackintoasecond

life and thus enhance product longevity. In a dialogue with 

 designers, producers, recycling companies and science almost 

a hundred such DfR-measures have been developed and col-

lected, and their technological feasibility, environmental and 

economic impact have been evaluated. Selected measures are 

being implemented in a DfR-laptop and a DfR-photovoltaic 

system.



22

iNTERNATiONAL 
REsEARCh COOPERATiONs
heterogeneous technology alliance (hta)

Together with other Fraunhofer institutes and leading Euro-

pean microelectronics research bodies (France’s CEA-Leti, Swit-

zerland’s CSEM and Finland’s VTT), Fraunhofer IZM is partici-

pating in the Heterogeneous Technology Alliance (HTA). The 

research partners are working on joint research topics and 

 responding to European tenders to extend their edge over 

 international competitors. The alliance is combining its know-

how under the title »4-Labs« for joint research projects that 

provide customers one-stop solutions for innovative products. 

Cooperation with the university of utah 

Fraunhofer IZM has been closely cooperating with the Univer-

sity of Utah since 2005. The initiative comprises two projects 

in which neural prostheses are being developed, with Fraun-

hofer IZM responsible for the integration of wireless communi-

cation technology in the new technology. Two IZM researchers 

were seconded to Salt Lake City from 2006 – 2008 to provide 

their expertise on-site. 

Since 2008 Fraunhofer IZM has also been funding a research 

position at the University of Utah for the analysis of biocom-

patible packaging technologies and supports a bilateral 

 student exchange. Along with these transatlantic research 

projects Fraunhofer IZM is also involved in the realization of 

commercial components for neuro signal processing and has 

started a patent exploitation initiative together with the Tech-

nologyCommercializtionOffice(TCO).

/ /  F r a u n h o F e r  I Z M

european Center for power electronics (eCpe)

Leading companies from the realm of founded the European 

Center for Power Electronics (ECPE) in 2003 in order to pro-

moteresearch,educationandtechnologytransferinthisfield.

The aim was to demonstrate the relevance of power electron-

ics to the public, to increase acceptance of political decision-

makers and to encourage students to look for a career in this 

area. 

Fraunhofer IZM is a member of the ECPE’s competence center 

and provides support in its areas of expertise, i. e. design, sim-

ulation, assembly and packaging, electromagnetic compatibil-

ity and reliability for power electronics. The institute is also 

regularly involved in the organisation of ECPE tutorials and 

workshops. 

International research project on patient-centred 

 laboratory diagnostics

The aging population and steadily increasing costs of medical 

care pose great challenges to the health care systems of indus-

trial nations. To improve health care over the long-term and 

reduce costs, new methods for the early detection of diseases 

and individual, effective therapies are required. With this over-

arching goal in mind, 32 partners from eight European coun-

triesaredevelopinganinnovative,cost-efficientanalysisplat-

form for in vitro diagnosis. The collaboration forms part of the 

ENIAC project »Chip Architectures by Joint Associated Labs for 

European Diagnostics« (CAJAL4EU). 
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Specificaimsinclude:

Developing and optimizing innovative biosensors based  •

on semiconductor chips.

Developingmicrofluidiclab-on-a-chipsystemsforspecimen•

collection and handling.

Integrating the sensors into the lab-on-a-chip environment.•

Fraunhofer IZM is coordinating the project in Germany and 

 developing microsystem technologies for integrating the pro-

cess control and diagnosis components into a point-of-care 

platform. 

Cooperation with the national Institute for Materials 

science (nIMs) in Japan

In 2010 Fraunhofer IZM signed a memorandum of under-

standing (MOU) on cooperation and joint research regarding 

»Nanotechnology and Environmental Engineering« with the 

National Institute for Materials Science (NIMS) in Japan. Under 

this agreement, Fraunhofer IZM’s Environmental Engineering 

Department and the Hybrid Materials Center of NIMS will 

 exchange researchers and information, as well as promote the 

joint research on environmentally relevant information on the 

life cycle of nano materials in products, the risks of nano 

 materials in electronics, as well as a basic exchange on new 

nano materials in Asia and Europe. 

The kick-off workshop for the cooperation was postponed due 

tothenaturaldisasteratFukushimaandfinallytookplacein

TsukubainNovember2011.In2012thefirstexchangeofstu-

dents from both institutions will take place, later on further 

workshops and an exchange of scientists are planned. 

some of Fraunhofer IZM‘s other university partners

Technical University of Delft, The Netherlands 

Technical University of Eindhoven, The Netherlands 

Technical University of Tampere, Finland

Bologna University, Italy

Cárdiz University, Spain

Tokyo University, Japan

Twente University, The Netherlands 

Uppsala University, Sweden

University College London, Great Britain

Albert-Ludwigs-Universität Freiburg

Christian-Albrechts-Universität, Kiel

Friedrich-Alexander-Universität Erlangen-Nürnberg

Humboldt Universität zu Berlin

Technische Universität Chemnitz

Technische Universität Darmstadt

Technische Universität Dresden

Universität der Künste Berlin

Universität Potsdam

Universität Rostock
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Fraunhofer IZM Marketing – employing advanced 

 technology is the key to investing in the future

You already know what kind of technology you want to emp-

loy and would like to make sure you will be harnessing the 

 latest trends? You are familiar with the technology but need 

assistance in development, failure analysis or with optimizing 

your products? We can provide consultancy from the Fraun-

hofer IZM research department by organizing workshops and 

technical discussions. 

Collaboration with us not only ensures you access to our many 

services in system-in-package and system integration, but also 

seesyoubenefitingfromthedevelopmentofourcutting-edge

technological products. 

yOUR bRidgE TO FRAUN-
hOFER iZm TEChNOLOgiEs
Regardless of whether you are a l ready us ing e lectronic packaging technologies or are planning to invest 

in i t ;  Fraunhofer IZM Market ing and the Appl icat ion Center Smart System Integrat ion offer  the support 

and col laborat ion you require to reach your development a ims.

/ /  C o o p e r a t I o n

apZ smart system Integration –  remain one step ahead 

by employing cutting-edge  technology

You want to upgrade your products but have not yet invested 

in microsystem technology or only use it to a limited extent? 

Despite this, you would like to make use of our know-how 

and technology in system-in-package and system integration? 

The APZ Smart System Integration links industry with Fraunho-

fer IZM’s wider activities, including active support by the Ger-

man Ministry of Education and Science. 

If your company plans to integrate microsystem technology 

intoyourproductlineforthefirsttimeinthenearfuture,you

can reap enormous rewards from recent developments in IZM 

technology. 

In addition to providing support at any development stage,  

we offer:

Customized technological consultancy, e.g. on selecting •

feasible technologies 

Feasibility studies•

Complete technology transfer•

Provision of manufacturing capacities•

You will be accommodated with the entire range of services 

required, from developing your idea, through to successfully 

marketing the product. Our technology workshops and labo-

ratory facilities are in high demand, too.
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Ourmarketingteamwillbeyourfirstport-of-call,facilitatingyouraccesstokeyplayersinthe

relevantresearchdepartments.Specifically,ourservicesinclude:

Company-specific workshops 

Whether you are on the look-out for upcoming trends and technologies that could be relevant 

for your company or plan to put your own latest technology to the test, we can organize a cus-

tomized workshop that offers access to our services and facilities. 

We provide access to our specialists who can discuss the entire bandwidth of technological ad-

vancement in electronic packaging. When you need a partner to assist you in taking your prod-

uct line to the next level, you can rely on us. 

special technology workshops

Extendingoroptimizingyourproductlineisahighpriorityandyoufindyouneedassistance

with choosing the right technology? We arrange technical discussions with our staff members 

and specialists. Our experts will discuss with you the pros and cons of your options, taking into 

consideration the current state of your company’s technological infrastructure.

Consultancy for specific technological problems

You have questions regarding ongoing technological developments and current trends? We can 

assist in identifying the right contact in the Fraunhofer IZM team of experts. Simply contact us. 

FRAUNhOFER iZm 
mARkETiNg
You face problems in developing your product and need advice but lack contact with research fac i l i t ies? 

You would l ike to expand your know-how with the help of a specia l  technology workshop or direct ly 

 benef i t  f rom our technological  expert ise? 

Contact : 

H .  Pötter 

hara ld .poetter@ 

izm.f raunhofer.de

Te lefon +49  30  46403 

-136
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APPLiCATiON CENTER
smART sysTEm iNTEgRATiON
One of the appl icat ion center’s  h ighest pr ior i t ies  i s  offer ing a broad range of developmental  know-how on 

microsystem technology products,  thereby accelerat ing a product’s  path to appl icat ion.

/ /  C o o p e r a t I o n

Not only do we foster relationships with companies estab-

lishedinthefieldofmicrosystemtechnology,butwealsoen-

courage newcomers who have not yet invested in this type of 

technology. In fact, the application center was launched as an 

initiative of the German Ministry of Education and Research 

withaspecificchartertoprovideconsultancyandtechnologi-

cal support for companies at every stage of development.

how do we support your product development?

You have an idea for a certain product and would like to de-

velop it? But you are unsure about the feasibility, quality, de-

velopment costs and time it requires? 

We offer consultancy and development support modules, from 

whichyoucanchooseaccordingtoyourspecificrequirements

at any stage of development. The product development sup-

port modules are described as follows:

First, we compile a basic study on the general feasibility •

of your idea and list some initial ideas for implementation. 

Depending on your wishes, we provide patent searches, 

extensive market research and trade leads, as well as some 

groundwork regarding expenditure. We provide you with  

acustomizedrequirementsspecificationasoutcome 

Second, all feasible solutions will be processed by con d-•

ucting evaluations, calculations, tests and simulations to 

collect the data required for further development and 

delimit the possible from the impossible. The information  

iscompiledinafunctionalspecificationssheet 

As a third step, we can produce a demonstration model  •

as a proof of concept 

If requested, we can develop a prototype (hardware, soft-•

ware and technology) and take the next step toward a 

market solution in close collaboration with your company  

As an additional service, we can assist you in locating the •

manufacturingcapacitiesforthefinalproduct

Helping you develop your product is our main aim, so please 

contact us for more information. The following example will 

give you a rough overview of our work.
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Contact : 

H .  Pötter 

hara ld .poetter@ 

izm.f raunhofer.de

Te lefon +49  30  46403 

-742

Dr.  S .  Guttowsk i 

s tephan.guttowsk i@ 

izm.f raunhofer.de

Te lefon +49  30  46403 

-632

1 Loss of orientation –  

a typical symptom of 

 dementia

usb stick for the easy installation of wireless modules in intelligent buildings

Intelligent networking in buildings is relying more and more on battery-free wireless compo-

nents, which are easy to install and do not even require servicing. The only remaining drawback 

is that wireless signal transmission within buildings is often poor or faulty. Consequently simple, 

rapid analysis of the wireless signal and its strength is indispensible for ensuring smooth com-

munication between the wireless components.

 

Our application center joined forces with EnOcean GmbH to develop a wireless gateway pack-

aged in a USB stick as a convenient tool for testing a building’s entire wireless network. Because 

itcantransmitdatabidirectionally,theUSBsticksimplifiesremoteconfigurationandparame-

terization dramatically. The new tool comprises a RF transceiver, UART interface, a 20-pin pro-

gramming cable (optional), LEDs and an integrated RF antenna with adaptable components. 

ThePCBmonopoleantennaisconfiguredforboththe868MHz(Europe)and315MHz(USA)

bandwidths. As add-on, the wireless module can also be programmed directly, which should 

appeal to OEM developers.

ambient assisted living technologies for the elderly and their families

Technological living aids should be applied as much as necessary and as little as possible. This 

rule-of-thumb also is the key to providing individualized measures to help the elderly maintain 

their independence. However, solutions that can be adapted to meet the requirements of the 

individual are few and far between. Our application center teamed up with ESYS GmbH and 

PME Familienservice, who specialize in support services for families, to develop an electronic, 

modular system comprising sensors, and data processing, remote transmission and actuator 

components.Thecomponentscanberetrofit,areeasytooperateandcanbeassembledand

configuredasrequired.Thenewsystemwasdesignedtohelptheelderlyfeelsaferandkeep

their next-of-kin up-to-date on their well-being.

 

To illustrate the potential of the technology, we assembled an autarkic power, location and 

brightness sensor system. At designated intervals, the sensors record the status of devices and 

the environmental conditions in the elderly person’s home and relay the data to family mem-

bers if necessary. The sensors use EnOcean’s energy-optimized protocol and a PAD located in 

the elderly person’s home. As the central hub, the PAD also incorporates the system’s user inter-

face. Thanks to the power sensor, which was developed in-house and can simply be clipped to 

power supply cables as required, any and all electrical devices are easily monitored. Typical ex-

amples of applications include monitoring whether the stove is on or the elderly person’s activi-

ties by which devices they turn on and off.

1
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Fraunhofer IZM not only carries out development and research 

for you, but provides access to its machines and equipment. 

Our laboratories include:

Training center for interconnection technologies (ZVE)•

Flip chip line•

Die and wire bonding center•

Micromechatronics center•

Processdevelopmentandqualificationfortheelectronics•

encapsulation

Qualificationandtestcenterforelectroniccomponents•

(QPZ)

Electronics condition monitoring laboratory•

Laboratory for thermomechanical reliability•

We cover a broad spectrum of technologies, from material 

characterization, to support in manufacturing questions, 

through to assistance with quality and reliability problems 

throughout the value chain – and thus deal with all possible 

problems that can arise in the manufacture of electronics. 

Our outstanding laboratories for reliability testing and optimi-

zation include: 

training Center for Interconnection technology (Zve)

TheZVEisESAapprovedandIPCcertified(IPCA610)and

 operates as a training and service center for assembly and  

connection technology. The training program includes courses 

andseminarsonleadandlead-freemanual,refloworwave

soldering, SMT component repair and lead-free connection 

technology.OtherZVEservicesincludeprocessqualification

and consultation on quality-assurance for electronic compo-

nent manufacture. 

Contact: 

Dr. Frank Ansorge, frank.ansorge@oph.izm.fraunhofer.de

Phone +49 8153 9097-500

Qualification and Test Center (QPZ) for Electronic 

Components

TheQualificationandTestCenterfocusesonapplication-spe-

cificqualificationofnewsolderalloysandpackagingsolutions

for electronic components on a wide variety of substrates. All 

tests are carried out according to DIN EM, IEC, IPC and MIL 

standards. Component inspections and failure analyses after 

testing include the investigation of structural alteration, inter-

metallic phase growth, crack propagation using metallogra-

phy,SEM/EDXanalysisorfocusedionbeam(FIB)preparation.

troubleshoot component failure with online assistance 

from Fraunhofer IZM

QPZ is now offering online, optical failure analysis based on 

the IPC-A-610 standard. The new service provides companies 

that experience component failure during manufacturing or 

shortlyafterdeploymentinthefieldwithfast,soundadvice 

on the component problem and its possible cause. 

Contact:  

Dr.-Ing. Matthias Hutter, matthias.hutter@izm.fraunhofer.de

Phone +49 30 46403-167

electronics Condition Monitoring laboratory (eCM)

ECM specializes in function tests on electronic systems under 

environmental stress beyond purely thermomechanical strain. 

Combined testing processes are employed, such as vibration 

combinedwithhumidityand/ortemperature.Thecompo-

nent’s condition is determined precisely during testing using 

degradation-dependant parameters and by recording the 

stresses. The resulting data are compared with failure models 

and used for the design and testing of monitoring structures 

and to assemble condition indicators.

Contact: 

Olaf Bochow-Neß, olaf.bochow-ness@izm.fraunhofer.de

Phone +49 30 46403-218

FRAUNhOFER iZm   
sERviCEs
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pCb prototyping process line

The new prototyping and process line can handle substrates 

with a maximum size of 610 mm x 456 mm and features:

High-precision component placement•

Vacuum lamination press for multilayer fabrication and •

component embedding

UV laser drilling and structuring•

Mechanical drilling and milling•

Photolithographic patterning using laser direct imaging and •

dry-filmphotoresist

Horizontalspraydevelopmentofultra-finelinestructures•

Horizontal spray etching and photoresist stripping•

Automatic and manually operated galvanic equipment•

The technology can be easily transferred to conventional 

 industrial manufacturing environments. 

Contact: 

Lars Böttcher, lars.boettcher@izm.fraunhofer.de

Phone +49 30 46403-643

wafer level packaging line 

Our wafer level packaging line in Berlin boasts a 800 m2 clean 

room (classes 10 to 1000), with wafer processing of different 

materials (Silicon, III-V semiconductors, ceramic, glass) and 

sizes (4’’, 6’’ and 8’’). For some  applications prototyping 

equipment is also available on 300 mm.

Thin-filmdeposition(sputterandevaporation)•

Photolithography (including photo varnishes, polymers and •

spray coating) 

Galvanicbumping,circuittracksandthrough-viafilling •

(Cu, Ni, Au, AuSn, SnAg, PbSn) 

Wet-chemical processes (etching, cleaning) •

Wafer bonding (support wafer, thin-wafer handling) •

Silicon plasma etching (through vias, cavities) •

Contact: 

Oswin Ehrmann, oswin.Ehrmann@izm.fraunhofer.de

Phone +49 30 46403-124

Mold encapsulation lab

The mold encapsulation lab offers various encapsulation pro-

cesses, related material and package analysis and reliability 

characterization tools as a one-stop-shop.

Compression molding on module- and wafer level •

CompatibilitytoPCB-basedandthinfilmRDLapplication•

3D-redistribution by through mold vias (TMV) •

Transfer molding of leadframe-based SiPs and of SiPs •

organic substrates (MAP molding)

Rapid tooling for feasibility studies with real live prototypes•

Sensorpackageswithexposedsensorareasbyfilm•

molding

Transfer molding of large volume packages•

Transfer to industrial production is guaranteed due to use of 

production equipment. 

Contact: 

Karl-Friedrich Becker, karl-friedrich.becker@izm.fraunhofer.de

Phone +49 30 46403-242

all silicon system Integration dresden - assId

The Fraunhofer IZM-ASSID Center in Dresden is equipped with 

a 300 mm wafer process line for the development and pro-

cessing of integration technologies with analogue-digital or 

digital-digital circuits on CMOS-basis. Fraunhofer IZM-ASSID 

provides the following services:

Cu-TSV interposer technology•

High-density Cu-TSVs for active and passive device integra-•

tion

Wafer thinning and handling of thinned wafers•

Wafer level bumping•

Wafer level assembly•

Wafer level solder ball attach (100 – 500 µm)•

Customer-specificprototyping•

Contact: 

M. Jürgen Wolf, juergen.wolf@izm.fraunhofer.de

Phone +49 351 795572-12
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REsEARCh CLUsTER  
iNTEgRATiON 
ON sUbsTRATE LEvEL

Jacket for outdoor use with integrated 

 functionality for signage and design based on 

stretchable electronics
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Dr.  T.  Löher 

thomas . loeher@ 

izm.f raunhofer.de

Due to increased demand 

for high-performance but 

cost-efficient solutions, 

 extended functionalities 

are also integrated at pa-

ckage or module level using 

established technologies. 

This allows our developers 

to integrate several com-

ponents into one package 

(system-in-package – SiP). 

Several packages can also 

be stacked three-dimen-

sionally (package-on-pa-

ckage). Use of 3D-techno-

logies at circuit-board level 

is also increasing. One new 

assembly method here is 

embedding bare dies in the 

substrate. In the future in-

tegrating optical functions 

will also be possible. Fraun-

hofer IZM is also working 

on new technologies in 

this area, such as thin-glass 

integration and new fiber-

based coupling processes.

highLighT 2011
stretchable and textile electronics

Over recent years our department has been contributing to two large-scale, Europe-wide proj-

ects to develop an innovative manufacturing technology for stretchable electronic systems. The 

newtechnology,whichincludestheassembly/interconnectionofcomponentsontheboard,

has now achieved technological maturity and has been implemented by a number of different 

manufacturers. A key advantage of systems fabricated using the new process is that conven-

tional, commercially available components can be used. The copper wiring within the stretch-

able matrix material has a meander-shaped layout, which ensures that the material remains 

stretchable/expandable.

The new technique’s processing sequence resembles that of conventional electronics fabrica-

tion.Inthefirststep,astretchablesubstrate,similartoasingle-ordouble-sidedPCB,isfabri-

cated.However,insteadofarigidepoxyresinwithglassreinforcement(FR4)orflexiblepolyim-

ide(PI),thetechnologyusesasoftthermoplasticpolyurethanefilmaspolymericsupportmatrix.

As mentioned above, the copper interconnect pattern is meander-shaped, instead of straight  

as in conventional PCBs. A solder mask is then applied and a pre-etched polyurethane cover 

layer is laminated onto the substrate so that the interconnections can be completely embed-

dedinthepolyurethane.Subsequently,anelectrolesssilverfinishisdepositedontothecopper 

padstoimprovesolderability.Automatedcomponentassembly,reflowsolderingandunder-

fillingfollows,andfinallythecomponentsareencapsulatedinpolyurethanehousing,which

 provides mechanical protection. To ensure the substrate fabrication and processing and the 

com p o  n entassemblyareextremelyrobust,thestretchablesubstrateisfixedtoarigidcarrier
board through     out the fabrication process. Once completed, the packages are diced and 

 released from the board. 

By using the widely employed adhesive thermoplastic polyurethane as matrix material, the 

stretchable systems can be attached to many different surfaces. A particularly promising appli-

cation is the integration of complex electronic systems into textiles. This is possible by simply 

laminating (a well-established technique in textile fabrication) the stretchable system onto the 

textile. Polyurethane has been demonstrated to be an ideal mechanical interconnection mat  -

erial between textiles and electronics manufactured using other technologies. 

Promisingapplicationsareonthehorizonindiversefields,frommedicalengineering(diagnos-

tics) to automotive technology (vehicle interiors), through to fashion. We are now focusing on 

further improving the technology’s reliability, washability and bio-compatibility.
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the department

The System Integration and Interconnection Technologies (SIIT) 

department with its 150 scientists and technical staff offers 

services ranging from consulting to process development and 

systematic technological solutions. The department develops 

processes and materials for interconnection technologies on 

board, module and package levels, as well as for integrating 

electrical, optical and power-electronic components and sys-

tems.

Our focus is on interconnection and encapsulation technology 

for electronic and photonic packaging, including:

New solders, adhesives, types of wire and bumps•

Bumpingtechniques(electrolessNi/(Pd)/Au,stencil•

 printing, mechanical stud or ball bumping)

SMD, CSP, BGA and µ-optic assembly•

Flip-chip techniques (soldering, sintering, adhesive joining, •

thermocompression and thermosonic welding)

Die attachment (soldering, sintering and adhesive joining)•

Wireandribbonbonding(ball/wedge,wedge/wedge,•

heavy wire and ribbon)

Flip-chipunderfillingandCOBglobtopping•

Transfer and compression molding on lead frame, PCB  •

and wafer

Potting and conformal coating, hot-melt encapsulation•

Chip embedding•

Fiber coupling and optical interconnection to planar •

waveguides,fiberlensesandlaserjoining

Manufacturing of optical wave guides•

Thin-glass and silicon photonic packaging•

Automation of microoptic mounting•

trends

Die Abteilung löst die Herausforderung des »Electronic and 

Photonic Packaging« durch die Kombination von Systement-

wicklung und Aufbautechnologien.

Folgende Ziele werden verfolgt:

Design- und Aufbautechnik für multifunktionale Verdrah-•

tungsträger

Heterogener Aufbau für System-in-Packages (SiPs) wie •

MEMS, ICs, Opto, HF, Passive, auch als 3D-SiPs mit 

 eingebetteten Komponenten und Power-ICs

EvaluierungneuerOberflächenschichtenfürkosten-•

günstige AVT

Hoch- und Niedertemperatur-Verbindungstechnologien•

Dehnbare elektronische Systeme auf PU-Basis•

Entwicklung von Jetprozessen für hochviskose Medien,  •

z. B. Die Attach und Glob Top

Miniaturisierte Elektronik und Faseroptik für moderne •

Diagnostik- und Therapieverfahren in der Medizintechnik

Integration ultradünner Chips in Sicherheitskarten•

Alternative Löt- und Sintertechnologien für Power-Module•

Multifunktionale(elektrisch,optisch,fluidisch)Substrate•

und Packages auf Basis von Dünnglasfolien

LED-Module und Weißlichtkonversion•

Multifunktionale optische Sensorsysteme•

Systementwurf für Silizium- und Mikrowellen-Photonik •

sysTEm iNTEgRATiON & 
iNTERCONNECTiON TEChNOLOgiEs
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1 Package on package stack with 

through mold via

1

3d mold embedded packages and smart power molding

Wafersreconfiguredbyvacuumcompressionmoldingarethebackboneof3Dintegration.We

are currently using the technology to develop new 3D multi-sensor modules (such as for pres-

sure,acceleration,magneticfield,gearratesensors)forconsumerelectronicsaspartofthe

MST-SmartSense project.

Our research into transfer molding for large volume power electronic modules, i. e. SmartPower 

modules, augments Fraunhofer IZM’s focus on electromobility. We have the demonstrated that 

the new technology meets applicable reliability standards by qualifying the molding compounds 

for use at high temperatures (> 200 °C) and for use in aggressive media.

Moisture diffusion in encapsulation materials

Our participation within the PolCap and DianaSens projects has yielded strong basic research 

results on moisture diffusion in polymers and polymer composites. In contrast to conventional 

approaches, our analysis focused on the package, which made directly transferring material 

data into the application possible. We developed new analytical tools and generated polymer-

based encapsulation systems with optimized barrier properties that reliably protect microelec-

tronic packages in harsh environments.

wire bonding technology

The development and testing of new wire materials and surfaces, particularly for power elec-

tronics, has been a key focus. An innovative Al wire with selected alloy elements (currently 

known as AlX wire) features much higher resistance against softening at the high ambient tem-

peratures that electronic devices are often exposed to during the assembly process. This should 

yield longer lifetime at alternating bending stress. Despite the fact that only a prototype of the 

wire has been investigated to date, the level of bondability and the bond quality achieved are 

very promising.

Another key area is Al-cladded Cu wire. Active power cycling experiments with Al-Cu wire on 

standard semiconductors are currently being prepared. The results will be used to assess 

whether the bonding wire improves lifetime.

REsEARCh & dEvELOPmENT
highLighTs
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Advances in active power cycling equipment have proven very 

useful in our investigations. It is now possible to conduct ac-

tive power cycling experiments under varying environmental 

conditions. Our customized cooling systems and test equip-

ment allows for cyclic variation of temperature between -40 

and 150 °C. These varying environmental conditions can be 

adjusted as required for the loads being tested. We plan to use 

thissystemforaseriesofinvestigationsintotheinfluenceof

overlapping and interacting failure mechanisms in power elec-

tronics.

Another breakthrough was our demonstration of the viability 

of wire bonded battery cells. By modifying the wire bonding 

equipment to optimize the battery surface and geometry, we 

demonstrated the feasibility of automated bonding of several 

hundred battery cells.

embedded power semiconductor sips

Our recent research into embedding technology has been 

 focused on developing innovative complex power systems, 

which are highly promising due to their compact size, robust-

ness and high reliability. These systems can include a number 

ofembeddeddiesinasinglemultilayerconfigurationalong

with additional surface-mounted components. 

For example, we have been participating in the EU project 

»HERMES« (FP7-ICT-224611), which has developed an embed-

ded control-integrated power system as a project demonstra-

tor. The assembly can be used as a motor control for variable 

speed drives in industrial applications such as washing ma-

chines and air conditioners. Parts of the system operate at 

voltages of 600 V and electric currents of 5-50 A, whereas 

other parts operate at the moderate voltages and currents 

usual in state-of-the-art CMOS. The technology is manufac-

tured by direct copper bonding (DCB), and features a ceramic 

carrier and thick copper metallization on both sides, power 

and logic components with driver IC, and passive components 

soldered on 2-layer PCB. 

The project’s goal was embedding the power devices in the 

PCBwhilemountingtheapplication-specificlogicdevicesand

passives on top of the board. This approach ensured the logic 

componentscouldbepositionedveryflexiblyandallowedfor

careful design of the power dissipation from the power de-

vices isolated from the heat sink. Apart from the obvious chal-

lenge of actually embedding the power devices, the design 

also had to factor in high thermal dissipation combined with 

electrical insulation.

The embedded IGBT die, with a thickness of 240 µm, is at-

tached to a 70 µm thick copper foil using highly thermally con-

ductive silver glue. Subsequently, the die is embedded into 

 epoxy prepreg layers and is backside connected to the thermal 

pad at the heat sink using a thermal laminate layer that has 

the necessary thermal conductivity. The module comprises 

four layers and four embedded power chips. 

Thisapplicationdemonstrateshowflexiblyembeddingtech-

nologycanbeusedtoinapplication-specificmodulessuchas

single chip packages, embedded SiPs and even complex power 

SiPs. Another advantage is that the technology is suitable for 

manufacturing on large panels, such as those typical in PCB 

manufacturing.

large panel, thin glass-based photonic pCb integration 

We proved the viability of an advanced integration concept 

that bridges board and chip level using thin glass substrates 

for large panels. Here, we scaled already established wafer 

level technologies to the dimensions of large panel EOCBs. 

Drawing on our long-standing focus on optical integration  

in PCB manufacturing, we optically functionalized 210 mm × 

297 mm thin glass layers by thermal ion exchange. The pro-

cessing homogeneity of the ion exchange was validated using 

therefractiveindexprofilesofmultimodewaveguidecross-

sections. Preliminary manufacturing trials demonstrated the 

feasibility of large panel integration. 

1 2
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Lamination, drilling, cutting and milling were investigated and validated as viable techniques. 

TSVs are crucial to this technology and we successfully  demonstrated copper plating of drilled 

through holes in hybrid stack-ups of glass and epoxy laminates. These results will accelerate the 

development of both EOCBs and integrated optical backplanes.

Multifunctional security document

As part of the SeCuDis project, our department helped develop a multifunctional smart card 

that illustrates the crucial role of electronic integration in security technology. The card is  

madeofpolycarbonate(PC),featuresCutracesonbothsides,andismountedwiththinflip

chips and SMD components. After the assembly process, the device is laminated, during which 

the thermoplastic PC melts to form a homogeneous body. This makes the card tamper-proof, 

because the assembly then has no layers that can be separated, preventing manipulation of  

the electronic inlay. Numbers, such as a PIN, can be input thanks to an integrated sensor array.

smart pixel integration

The Lumoled project, funded by the German ministry for education and research (BMBF),  

is  developing large area textile lighting with high light density, intended for use as monitors. 

Here, the project is focusing on RGB pixels, whose driver ICs are embedded into the circuit 

board under the LED. Each pixel, sized only 5 x 5 mm2 thanks to embedding technology, can  

be individually controlled by an I2Cbus.Evenrelativelyhighpixeldensitydoesnotsignificantly

reducethefabric’sflexibility.

sensor microtechnologies for ambient assisted living

The ambient assisted living (AAL) project SAAPHO is working to embed a variety of sensors, 

 including for monitoring vital statistics, improving the dispensing of medicine and promoting 

socialinteraction,intooneunifiedinfrastructure.Toreducethecoststoreasonablelevelsand

increase user acceptance, miniaturizing the sensor nodes is key to the project’s success and is 

being addressed by our department.

1 Al heavy wire-bonded 

battery cell module for 

automotive applications, 

developed as part of the 

 ePerformance project

2 The power SiP with 

 assembled components and 

embedded dies has clear 

similarities to conventional 

PCBs

3 Smart pixels on a woven 

I2C bus structure

4 210 mm × 297 mm doub-

le-sided, Al-patterned thin 

glass foil prepared for ion 

exchange in hot melt salt

4
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the oberpfaffenhofen branch

The Fraunhofer IZM Oberpfaffenhofen branch is home to the 

Department of Micromechatronics and PCB Technology (MMZ) 

and the Training Center for Interconnection Technologies 

(ZVE). 

MMZ specializes in the design, development and rapid proto-

typing of electronic systems on novel substrates. We also eval-

uate and test new concepts for adapting package designs to 

diverseapplications.Thisincludescomprehensivedesignflows

for the assembly and packaging of chips, including the electri-

cal and mechanical properties combined with simulation. 

Another activity is the assessment of interconnection technolo-

gies for electronic components with higher reliability require-

mentsduetoharshin-fieldenvironmentalconditions.This

includescustomer-specificsystemqualifications,rangingfrom

mechanical and electrical reliability tests and failure analysis of 

single electronic components. 

ZVE provides training in standard and novel soldering tech-

niques and solder-free interconnect technologies. The Ober-

pfaffenhofen site is an accredited ESA and IPC training center 

and AZWV skill center.

trends

Integration of electronic systems into applications is leading to 

the merging of form and function. 

Additionally, sectors like the aeronautics, medical engineering 

and automotive industries seek lightweight, integrated, afford-

able, but highly reliable alternatives to state-of-the-art tech-

nologies comprising several components, screwed, pasted, or 

pinned together (e. g. smart-power mechanics).

Our current goals are:

Newqualificationsformulti-technologyelectronicsystems•

Non-planar electronic and mechatronic system assembly•

New additive manufacturing and inkjet printing processes•

Improving rework and repair processes •

Applyingsolder-freeinterconnectslikecrimpandpress-fit•

connectors

Newapproachesfortime-andcost-efficientin-situmoni-•

toringofcriticalparametersinproductqualification

Novel reliability and quality criteria, e. g. for renewable •

power plants and electric vehicles

Adapting training courses for expected demand (especially •

in medical engineering and solar technology)

/ /  C o r e  C o M p e t e n C I e s
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1 Touch sensor, produced 

by direct digital manu-

facturing

2 Inkjet printed multilayer 

thermoplastic board

REsEARCh & dEvELOPmENT
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Reliability models for accelerated testing of press-fit interconnections

Inthisindustry-sponsoredproject,wearedevelopingmodelsfortestingpress-fitinterconnec-

tions using thermomechanical stress, with a special focus on the mechatronic environment of 

theinterconnects.Here,thefiber-reinforced,thermoplasticcarrieristhekeycomponent,asthe

loadontheelectricalinterfacebetweenthepress-fitinterconnectionandthePCBdependson

thepolymer’sfiberorientation.Thisprovesthatreliabilityassessmentcannotbereducedtotest-

ing individual electrical components, but instead has to evaluate the complex mechatronic as-

sembly and environment as a whole. The reliability models being developed here are expected 

toreducethetimerequiredforthequalificationofsolderlessinterconnects.

electronic printing & inkjet printing

Our research into inkjet printing focuses on the structured metallization of engineering thermo-

plastics, especially polyamides. Firstly, these materials have acceptable thermal stability, with 

sinteringofnano-scalesilverconductiveinkspossibleat180°Cto200°C.Secondly,sufficient

wettinghasbeendemonstratedusingdifferentsurfacemodifications.Werecentlyshowedthat

2- and 3-dimensional specimens can be processed in series manufacture using injection mold-

ing, which highlights the exciting potential of inkjet printing.

Crimping

Manycompaniesfinddealingwiththeincreasingnumberofinterconnectsinelectronicsystems

achallenge.Crimpingisacost-efficientmeansofachievingreliableelectricalinterconnections

and system cabling. Fraunhofer IZM’s Oberpfaffenhofen branch has been researching crimping 

in a broad range of contexts over many years. Not only have we recently established a new lab-

oratory for investigating and validating crimped cable connections, but we are currently also 

designing a series of training courses for industry, which will cover many different engineering 

applications. The course contents include correctly selecting single compounds, ensuring func-

tionalityandmeetingthereliabilityrequirementsofthecrimpedconnection,includingfinal

testing. The evolution of crimping as interconnect technology will be demonstrated with both 

new and established approaches, including the »slow motion test« and highly sophisticated 

 destructive and non-destructive techniques for characterizing crimped connections.     

2
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Cross-section of nanoporous gold  deposited 

on silicon wafers with 70 % porosity
200 nm
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The highest integrati-

on densities possible in 

 heterogeneous assemblies 

are achieved using wafer 

level integration. All pro-

cessing steps are carried 

out at wafer level after the 

actual front-end processes 

have been completed. The 

packages we develop have 

lateral widths almost iden-

tical to the chip dimensi-

ons. We also include active 

and passive components 

on the wafer in interlayers 

and even higher integrati-

on densities are achieved 

with 3D integration using 

through silicon vias (TSV) 

or using silicon interposers 

and TSV.

highLighT 2011 
Fabrication of nanoporous gold deposits

PorousAustructuresonsemiconductorwaferscanbefabricatedbyelectroplatingofAg/Au

(70/30)layerswithsubsequentde-alloyingofthedeposits.Theindividualprocessingstepsare

largelycompatiblewiththetechnologyandequipmentusedforconventionalAuandAu/Sn

wafer level bumping. After a thin plating base is sputtered onto the wafers, a photoresist layer 

is applied and patterned. A gold socket is then electroplated into the resist openings followed 

byelectrodepositionoftheAg/Aualloy.Finally,thesilvercontentisselectivelyetched,expos-

ing the sponge-like Au deposits.

FraunhoferIZMhasdevelopedstableAg/Aualloyelectrolytesbasedoncyanide-complexed

preciousmetalsandthiosulfate/sulfite-basedelectroplatingbathsforthistechnique.Boththese

aqueous formulations are suitable for the replication of photoresist patterns, as they feature 

adequateresistanceagainstlight-inducedprecipitationcombinedwithhigh-currentefficiency

and long-term stability.

The metal sponge structure is formed by surface diffusion and cluster formation during degrad-

ing of the Ag. Two different methods can be applied for de-alloying. Using chemical etching 

technique in a simple dip tank, the silver is dissolved using appropriate oxidizing agents. In 

 electrochemical etching, the silver is oxidized by anodic potential applied to the plating base.  

A great advantage of the latter method is the ability to detect the end point of the silver disso-

lutionbycontrollingthecurrent/voltageprofile.

These metal sponge structures can be adjusted to a nominal open pore size of between 20 and 

200 nm and have a pore volume of around 70%. The deposits are suitable for thermo-compres-

sion bonding, reducing the amount of force and temperature needed, and for joining with con-

ductive adhesives. Due to the high compressibility of the porous structures, inhomogeneity and 

the topography of the chip or substrate can be evened out.
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the department

Fraunhofer IZM’s focus in wafer level system integration is 

 developing and implementing technologies for packaging 

 microsystems and microelectronic devices. Our technical plat-

form is based on an industry-compatible technology line for 

thinfilmprocessing,establishedinthecleanroomsofboth 

theBerlin(HighDensityIntegration/WaferLevelPackaging,

HDI and WLP: 800 m2) and und All Silicon System Integration 

Dresden (ASSID: 1000 m2) branches. The department coope-

rates with manufacturers and users of microelectronic sy-

stems, equipment manufacturers and the materials develop-

mentindustryaroundtheworld.HDI/WLPandASSIDprovide

researchanddevelopmentservicestoenterprisesinfields

 ranging from process development to prototyping and low 

volumemanufacturingfor3Dintegration,thinfilmmultilayer

substrates, wafer level redistribution for CSPs and wafer  

levelbumpingforflipchipassembly.Theinstitutehasthe

 facilities and know-how for processing wafers from 200 mm 

to 300 mm. Newly developed technologies are adapted and 

qualifiedaccordingtocustomer-specificrequirements.The

 department offers regular training courses for customers and 

partners. Moreover, ASSID operates a state-of-the-art tech-

nology line for 3D wafer level system integration, which was 

specificallydesignedforprocessing300mmwafersandwhich

meets the requirements of industry manufacturing conditions.

Key aspects of the processing modules include developing  

and manufacturing through silicon vias (Cu TSVs, via-middle, 

via-last processing), wafer thinning, temporary and permanent 

wafer bonding and creating 3D structures on wafer level and 

based on TSV interposers. The spectrum of services offered by 

FraunhoferIZMASSIDcoverscustomer-specificdevelopments,

to prototyping and low volume production, right through to 

process transfer. 

trends

3D system integration on wafer level is a crucial technology  

in microelectronic packaging, offering improved functionality, 

performance, form factor, reliability and reduced cost. The  

key to developing such 3D system-in-packages (WL SiPs) is 

addressing technology, design and reliability holistically.

3d integration

Through silicon vias (Cu TSVs) are core elements of 3D SiPs in 

activecircuitsandinterposerswiththinfilmmultilayerwiring.

TSV interposers are indispensible in the heterogeneous inte-

gration of different components, MPUs, GPUs, memory, sen-

sors, transceivers and passive elements. In future systems, 

 power supplies (micro-batteries), optical signal transmission 

systems and cooling systems will also be integrated.

Other foci include:

wafer level Csp

Thinfilmredistribution(RDL)basedoncopperorgoldwith

different polymer dielectrics, glass passivation, multi-device 

 integration, ultra-small devices, package singulation.

wafer bumping

Micro-bumpingforultra-finepitch(<20µm)FCassembly,

bump metallization (Cu, Ni, Au, solder alloy, SnAg, AuSn, 

SnPb, Sn, In), Cu pillar interconnects, nanoporous Au-bumps, 

Cu-Cu interconnects. 

Thin film multi-layer

Adaptedpolymersandphotoresists,customer-specificlayout

adaption, multilayer wiring, polymer layers for HF applications, 

finepitchredistribution,integratedpassivedevices(coils,ca-

pacitors, microgalvanic deposition of magnetic layers for coils).

hdi & wAFER LEvEL PACkAgiNg – 
ALL siLiCON sysTEm iNTEgRATiON Assid
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high-density, full wafer interconnection technology

Fraunhofer IZM has recently further advanced its well-established redistribution technology to 

include the manufacture of high-density chip-to-chip interconnections on 200 mm CMOS 

 wafers, which function as clusters for neuronal networks. Based on polymer planarization and 

passivationandusinggalvaniccopper,thefine,high-densitywiringcanbridgescribelinesupto

4 µm depth of adjoining ICs. 

In preliminary studies, 56 ICs with a total of 159 744 connections were linked with a yield of 

over 99.9 %.

hermetic encapsulation of MeMs on wafer level

Our department has developed hermetically dense housings for MEMS components, such as 

oscillating crystal or silicon resonators, using silicon interposers or ICs with through silicon vias 

andmanufacturedbywafer-to-waferbonding.Inthistechnique,MEMScomponentsarefirst

mounted at wafer level on silicon chips with electrical through contacts. The devices are then 

hermetically encapsulated with a cap wafer using AuSn solder. Up to 8000 capped devices can 

be manufactured on a single 200 mm wafer. 

This development was one of several carried out as part of the project Go4Time (GlObal, Flexi-

ble, On-demand and Resourceful Timing IC & MEMS Encapsulated system), funded by the 

 European Union.

3d assembly (tsv interposers)

Fraunhofer IZM ASSID has successfully developed a technology for the fully automated singu-

lationofinterposerwafersandfirst-andsecond-levelassembly(flipchipwithunderfilling)of

 interposers.Interposerswereassembledfor3devices(GPU,2DRAMS)viaflipchip(25µm

SnAg) and mounted in an LGA package (Cu pillar).
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1 Cross-section of silicon 

cap wafer bonded with 

 interposer wafer and 

 hermetically sealed MEMS 

device

200 µm
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world’s smallest camera delivers sharp images from inside the human body

Together with Awaiba GmbH, Fraunhofer IZM has developed microcameras sized less than 

1 mm³. The camera can be used in endoscopes. A special manufacturing process ensures that 

the production costs remain low and that the camera can be manufactured for single-use. 

 Consequently, elaborate sterilization processes are a thing of the past.

Thecamerasaremanufacturedbyfirstlybondingthesensorwafertoaglasswaferandthen

thinning it. Subsequently, the ICs are backside connected. It is this latter step that keeps the 

size of the cameras down and allows for high-volume  production.

In a further step, a lens wafer is bonded onto the glass wafer. By these means, up to 28 000 

microcameras can be produced in a single wafer level processing sequence.

300 mm silicon interposer with tsvs and polymer-rdl

We recently developed 300 mm Si interposers with TSVs, multilayer polymer redistribution  

andmicrobumps.TSV/RDLfunctionalitywasverifiedusingdaisychainingandsingulationand

assembly of interposers on organic substrates was successfully demonstrated. To increase 

 wiring density, GEN2 interposers were developed. 

ThistechnologywithTSV(10µm/110µm)andfinepitchrouting(3μmline/space)heraldsthe

new standard in silicon interposer technology.

1 2
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1 3D demonstrator 

 consisting in a thinned 

memory chip assembled on 

silicon TSV-interposer  

(Project: JemSiP 3D, ENIAC)

2 300 mm processing, 

 automated optical 

 inspection

3 Ski helmet  with  

3D solar module

4 300 mm TSV interposer 

with multilayer RDL

through silicon vias with Cu metallization (Cu tsvs)

Processingofthroughsiliconviaswithgeometriesof20μm/100μm,10μm/120μmund

5μm/60μmwasdevelopedonFraunhoferIZM-ASSID’s300mmtechnologyplatform. 

The  development was part of projects funded by the German ministry of education and 

 research (BMBF) and the European Union (JEMSIP_3D).

Itsspecificationsinclude:

TSVisolation:ThermaloxideordepositionviaSA-CVD/PE-CVD•

Adhesion, barrier, contact layer: PVD deposition up to AR12•

TSVfilling:CuECDwithbottom-upfillinguptoAR12•

TSV-CMP: Removal of Cu overburden with stop in oxide layer•

wafer thinning and thin wafer handling

Fraunhofer IZM has established a number of different techniques for manufacturing and 

processingsiliconwafersofjustseveralmicrometerthickness.Thesethinnedwafers(50μm–

150μm)areveryfragileandrequireaspecialhandlingtechnology.Ournewtechniquesfor

temporary bonding of thin wafers on carrier wafers are extremely compatible with the wafer 

topographyandsubsequentprocessingsteps.Efficientandreliableseparationofthewafer

from its carrier is crucial after processing and our department is cooperating closely with the  

EV group on this aspect.

3d microsolar module

We have developed new assembly and encapsulation technologies in which high-quality, 

monocrystalline silicon solar cells are segmented into tiny, single chips and adapted to three- 

dimensional,flexedshapes.Here,too,backsideinterconnectionofthesiliconsolarcellsenabled

thisadvance.Themodulesaresuitableformanydifferentapplicationsthatfeatureflexedsur-

faces, such as helmets, backpacks, clothing, and automotive body parts.
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Profile of movement of 

a single water molecule at the 

interface of epoxy / SiO2
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Reliability and environ-

mental compatibility have 

become more important 

in the development of 

electronic components and 

systems in recent years. 

Fraunhofer IZM has been 

combining research into 

the reliability of electronic 

components and their en-

vironmental characteristics 

with the development of 

new technologies since it 

was first established. 

Fraunhofer IZM conducts 

reliability analyses on the 

materials right through to 

the system as a whole using 

material behavior and me-

chanical reliability models. 

Apart from simulation 

processes, we employ laser-

optical, X-ray and  material 

tests individually or in com-

bination. 

highLighT 2011 
reliability and simulation from system to nano structure

Today microsystems integrate an increasing number of functions in application areas like indus-

try, automobile, lighting and medical technology. New application conditions with high loads in 

temperature, moisture and vibration lead to increased requirements on system reliability. Short 

developmenttimesandcostefficientsolutionsrequiretoolswhichenableanassessmentofreli-

ability already during the design and development phase. Simulation models enable early deci-

sions in the design process and lead to the possibility of goal-oriented use of development time 

and cost. Appropriate methods for reliability assessment are being developed, tested and 

 applied at Fraunhofer IZM.

The aim is the realization of the reliability of complete systems, which depend on functionality 

of the subsystems, their constructional elements and materials. The assessment is based on un-

derstanding the underlying physical and chemical processes, which lead to failure. Therefore 

material behavior is being characterized under process and application conditions. The result is 

inputtothermal,electricalandmechanicalfiniteelementmodels,whichconsidertheinterac-

tionofdifferentmaterialsandloads.Togetherwithmodernsignificanceandoptimizationanal-

ysis methods design recommendations are being deduced.

It is essential for the assessment to evaluate the calculated loads on materials, interconnects 

and components. Based on our longstanding experience on damage assessment and life time 

modeling a range of methods is available. Actual research projects address modeling of effects 

relevant for reliability on the micro and nano scale. Classical continuum mechanical approaches 

show no or only limited applicability in this range. Molecular Dynamics Modeling is an example 

of a new approach where material behavior is being simulated on atomic levels. For moisture 

transport at material boundaries the permeability can be calculated (BMBF funded project Dian-

aSense). Thus reliability of polymer encapsulations under moisture load can be assessed, ana-

lyzed and improved. In parallel new approaches for evaluation of damage are being developed. 

A range of actual projects address solutions on modeling of crack initiation and growth at ma-

terial interfaces and in materials.

It is the common goal of this work to achieve a fast transfer of results to the projects of our 

customers and project partners, because only a basic understanding of system reliability can 

 enable the realization of innovations in complex applications.  
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the department

New products and technologies have to meet more and more 

diverse and challenging requirements. At the same time, cost-

efficiencyandenvironmentalprotectionarebecomingmore

important. The Department of Environmental and Reliability 

Engineering helps prepare new technologies for commercial 

release with environmental and reliability assessments, ranging 

from nanocharacterization to evaluation and optimization on 

system level.

Jointly headed by Dr. Nils F. Nissen and Dr. Olaf Wittler, the 

 department develops interdisciplinary approaches and 

 conducts contract research into:

System reliability from packaging to product level•

Design for reliability and lifetime simulation•

Material characterization und modeling•

Thermal design, thermal interface characterization•

Combined and accelerated load testing•

Aging and failure analyses, sample preparation and analysis•

Testability and online monitoring in accelerated aging•

Methods and hardware for condition monitoring•

Reliability management in development•

Microelectronic eco-reliability concepts, e. g. energy •

harvesting

Carbon footprint, green IT, the use of renewable materials•

Eco-design, lifecycle modeling•

Environmental protection legislation (including RoHS, •

WEEE,EuP/ErP)

trends

Current developments in the global market have created  

new challenges to ensuring environmental friendliness and 

relia bility. 

These can summarized by the following topics, which are the 

focus of much current basic and contract research:

Methods for characterizing bonding techniques on micro- •

and nanometer level (through-silicon vias, intermetallic 

phases, thin layers, interfaces)

Accelerated aging tests and models for high-temperature •

applications of up to 300 °C

Application-specificlifetimetestsforlong-termusage •

(e. g. automotive, security cards, medical engineering)

E-mobility: lifetime models for bonding techniques in •

power electronics for electric motors

Strategies for reliability testing and condition monitoring of •

complex systems

Long-term reliability of thermal interface materials (TIMs)•

Eco-reliability: Sustainability and durability assessment•

Resourceefficiencywithanincreasingshiftinfocusfrom•

energyefficiencytootherefficiencyaspects

Material availability (i. e. rare earths): analysis methods, •

optimization, substitution

LED lighting (recycling, thermal characteristics, durability)•

Energyharvesting(energyefficiency,durability,environ-•

mental balance)

ENviRONmENTAL & 
RELiAbiLiTy ENgiNEERiNg
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1 Critical resources:   

Even more specific recycling 

processes are required

REsEARCh & dEvELOPmENT
highLighTs
evaluating electromigration in soldering: from simulation to lifetime experiments

One factor limiting the reliability of increasingly miniaturized electronic systems is failure due to 

electromigration. This current- and temperature-induced mechanism leads to displacement of 

atoms in the conducting material and results in defects in the electrical traces and solder joints. 

A weak-spot analysis, adjusted to the requirements of the assembly technology in question, can 

be carried out by numerically simulating the varying parameters. The results can then be veri-

fiedexperimentally.

eco-design for computers

Fraunhofer IZM helped the Irish company MicroPro develop an eco-PC called iameco, which is 

nowthefirstofitskindtobegrantedtheEU’sEcoFlowerstatus.Thetouch-screenall-in-onePC

uses power-saving components, a durable and recycling-friendly design and wood as casing 

material.

local material properties at high temperatures

Temperature-dependent mechanical material data are necessary to evaluate thermomechanical 

reliability using modeling. However, in high-temperature processes, the material properties of 

some alloys used in bonding only form during the bonding process itself. Consequently, the 

properties cannot be determined in conventional tensile tests. As part of the German federal 

ministry of education and research (BMBF) project HotPowCon, the mechanical material proper-

ties of miniaturized samples were determined by coupling a nanoindenter with a temperature 

module.Theresultsshowedthathardnessandtheelasticmodulusdecreasessignificantlyin

 intermetallic phases that form at above 150 °C.

thermal loading and failure mechanisms

The maximum current-carrying capacity of high-current connectors is limited by the thermal 

loads they undergo. However, the temperatures and accompanying failure mechanisms cannot 

be determined using simple measurement techniques. Fraunhofer IZM and partners in the proj-

ect Water-Cooled High-Current Connectors have developed a load test system, which the insti-

tute uses to compare IR thermography measurements and models for currents of up to 5000 A. 

These analyses can then be used to estimate the presenting temperatures and correlate them to 

specificfailures.

1
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ArtGuardian, 

a sensor-based information platform

to protect art work
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In highly integrated sys-

tems, design can no longer 

be carried out indepen-

dently of technology and 

technology development 

cannot take place without 

considering electrical beha-

vior. The term »codesign«  

is used to denote this syner-

getic approach to technolo-

gy and design. Fraunhofer 

IZM’s strength lies in the 

combination of excellent 

technology  development 

and advanced modeling, si-

mulation and analysis tech-

nologies (electrical, thermal 

and mechanical). Research 

and development in this 

area focuses on EMC and 

RF  issues (parasitic effects). 

Subsequent connection to 

the incorporating system 

is also integrated into the 

design at this stage.

highLighT 2011 
»artguardian« – high tech protection for works of art

Travelling in an unfamiliar climate can be a strain, not only on human being, but also or even 

more so on valuable works of art. And while humans usually recover quite quickly, cold and 

 humidity leave lasting traces on canvas: Colors fade or disintegrate, the paper corrugates. From 

now on, art lovers can relax: in the project ArtGuardian a new system to monitor the microcli-

matic conditions for artwork is being developed. ArtGuardian combines cutting-edge technolo-

gies in microelectronics, building physics and information technology to meet those require-

ments and to provide best conditions. The sensor-based information platform was developed 

byfourFraunhoferInstitutesISST,IZM,IAPandIBP,eachcontributingspecificexpertise.

The system comprises three essential components: a set of preventive conservation protocols, 

an autarkic sensor system and an IT platform. 

Thefirstcomponentisanintegratedsetofpreventiveconservationprotocolstoassesstheindi-

vidual object’s possible risks and the required conservation measures (preventive conservation). 

For each different kind of canvas the acceptable temperature and humidity range is established. 

The second component is a range of autarkic sensors developed at Fraunhofer IZM that mea-

sure the microclimatic conditions the artwork is exposed to, i. e. the humidity (invisible sensors). 

Thesensorsarefixedtotheframeoftheartwork,theymeasurethemicroclimate,i.e.tempera-

ture and humidity, as well as the light and any vibration.

The information thus gained is sent to the third system component – an IT platform with which 

the owner and other authorized persons can stay apprised of the artwork’s location, condition 

and the stresses it encounters (Art Guardian Cloud). If the established temperature and humid-

ity range is exceeded, the system raises an alarm.

In this way ArtGuardian does not only provide optimal protection, but also serves as a central 

information and communication platform. ArtGuardian is now in the pilot phase. At different 

locations, such as Hamburger Bahnhof in Berlin scientists have installed sensor systems for test 

purposes. The feedback from these tests will be incorporated into the system and by the end of 

2012 ArtGuardian is expected to go into serial production. 
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the department

The department System Design & Integration pools Fraunhofer 

IZM’s technology oriented system know-how and expertise. 

Our focus is on methods and tools for the design of systems  in 

microelectronics and microsystems technology and power 

electronics.Wehelpourcustomersdesignsystemsefficiently,

from the feasibility study through to new system prototypes.

Akeygoalisidentifyingscientificfundamentalsforthesimula-

tion of diverse phenomena, such as electrical, magnetic, elec-

tromagnetic, and thermal and mechanical coupling, at each 

stage of the design process. This ensures an integrated design 

process, in which coupling effects, technological parameter-

based functions, volume, reliability and cost analysis are all 

included.Wethentransferthesefindingsintodesigntools

that allow our project partners to make their own design pro-

cesses faster and more reliable. 

Our main research focus is on microelectronics and microsys-

tem development, particularly wireless sensor systems, pack-

age design and package characterization, RF and high-speed 

system design, EMC and the packaging of power electronics 

systems.

trends

The research conducted by the Department of System Design 

and Integration highlights the growing importance of system 

expertise for products based on highly sophisticated technol-

ogy. The challenges of designing such products can only met 

by closely combining technology approaches with system 

 design expertise. 

Particularly autonomous microsystems will play a crucial role in 

cyberphysical systems over the next few years, which is why 

our current and upcoming research concentrates on technolo-

gies for optimizing the exploitation of residual energy in accu-

mulators and energy harvesting.  

Technology and system expertise are also beginning to con-

verge in tool design, where new tools are being developed for 

a variety of applications, such as accelerating the design of 3D 

system integration using innovative technologies. Additionally, 

systems with extremely high signal frequencies pose special 

challenges that can only be overcome by including technical 

parameters, such as the properties of the packaging mat erial, 

early on in the design process.  Here, we expect the modeling-

centered M3 approach to become very popular for such tasks.

The convergence of technology and system design expertise 

can also be witnessed in power electronics. For example, in 

coming years, packaging design will determine the crucial 

 parameters for new, extremely high-reliability systems even 

more than is currently the case. 

sysTEm 
dEsigN & iNTEgRATiON
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1 Power control unit  

for electrical blade switch 

 control

2 Ring resonator to 

 determine dielectric 

 constants

design tools

Ourdepartmentdevelopsinnovative,efficienttoolsthatmaximizeminiaturizationandrelia-

bility in component positioning for compact assemblies. We also now provide technologies for 

embedding components in PCBs in the 3D design of SiPs. Using wireless sensor nodes with 

self-sufficientpowersupplies(autarkic)asexample,wehavedevelopedmodeling-baseddesign

methodsfordevelopingcost-efficientultra-low-powersystems.

Microelectronics and microsystem technology

In 2011 we were able to translate our research on autarkic wireless sensors into a demonstra-

tion system for monitoring conductor wires. We also designed and manufactured miniaturized 

wireless sensor nodes, methods and tools for autonomous, self-organizing manufacturing and 

for sensor networks that monitor engines and storage in industrial environments. For autarkic 

optical monitoring equipment, we added an analysis module for visible light to the FreshSCAN 

platform.

rF and high speed systems 

Ourdepartmentdevelopednewmethodsfortheefficientmodelinganddesignofintercon-

nects and integrated antennas. We systematically investigated the electromagnetic propagation 

modes in through-silicon vias (TSVs) and determined their dependence on the TSV geometry, 

silicondoping,frequencyandtheinsulationlayer.Newconfigurationsforwirebondantennae

were also developed. Finally, IZM’s M3 approach was used to develop an optimized interposer 

for100Gb/sIQM-basedtransmitters.

power electronic systems 

Our department helped German and international automotive manufacturers minimize electro-

magnetic interference in electric and hybrid vehicles. Other research foci included packaging 

 silicon carbide (SiC) semiconductors and developing high-current PCBs and low-inductance 

power electronic modules. We also researched the miniaturization of power supplies using inte-

grated inductances and transformers for LED power supplies and piezoelectric transformers for 

highly compact high-current power supplies. Finally, research was also conducted on high-tem-

perature electronics, from integrated circuit concepts through to wide-range power supplies for 

security systems.

2
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1) Limited shield and connector quality; 2) Shielded cables; 

3) HV to LV coupling in components; 4) Battery; 

5) Capacitive coupling to the motor and cardan shaft ; 6) Electric motor;

7) Air condition compressor; 8) Drive inverter.

8

7

6

1

2

3

4

5
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technical background

Frequency converters are used to convert electrical energy into mechanical energy for applica-

tions such as electric vehicles. The devices control the direction and rate of rotation in electric 

motors. Inverters chop the direct-current voltage into alternating voltage of any required fre-

quency and, with some limitations, voltage level. The current and voltage changes take place at 

a speed of several hundred nanoseconds and can repeat up to 250 000 times per second. This 

creates interference that impedes signal transmission and has seen integrating the humble car 

radio into electric cars become something of a challenge. Various EMC measures are used to 

tackletheproblem,includingcableshielding,filtersandverycarefuldesignofthecablelayout.

Interference and unsolved issues in vehicle charger technology are hurdles in the development 

and commercial release of new generations of electrical and hybrid vehicles, leading a wide 

 variety of customers from the automotive industry in Germany and abroad to turn to Fraun-

hofer IZM for help. 

To advance the design techniques and simulation tools available for grasping and solving such 

problems, our department draws on practical solutions that have worked in the past. This 

 ensures that our approaches always have a strong foundation in real-life conditions. 

beyond the automotive sector

Although suppressing interference in automotive devices currently has top priority, the renew-

able energy sector and industrial drives also need interference-free power electronic circuits and 

operating environments.  

about the 2011 research award winner dr. eckart hoene

Eckart Hoene is an internationally renowned expert on EMC in power electronics, whose exper-

tise has been sought out by guest scientists from Japan, Korea and throughout Germany. He is 

in high demand as guest speaker at conferences and is frequently invited to share his knowl-

edge and experience at seminars and workshops.

Each year,  the Fraunhofer IZM Research Award acknowledges outstanding sc ient if ic  achievement by an 

inst i tute sc ient ist .  In 2011, the award went to Dr.  Eckart  Hoene, Head of the research group Power E lec-

tronic Systems, for his  work on the »Development and Industr ia l  Implementat ion of Design Processes for 

the E lectromagnet ic  Opt imizat ion of Power E lectronics«.  The award ceremony was held on December 21st, 

2011 at the DZ Bank’s Ber l in headquarters .
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EvENTs & wORkshOPs
Fraunhofer IZM organizes the first international 

 Maintenance, repair and overhaul (Mro) conference

The running costs of equipment and components have always 

been expensive and have recently even begun to escalate with 

spikesinthecostofrawmaterials.Cost-efficientsolutionsfor

maintenance, repair and overhaul (MRO) are now more 

sought-after than ever.

As part of the Fraunhofer innovation cluster MRO, Fraunhofer 

IPKandIZMjointlyhostedthefirst-everinternationalconfer-

ence addressing this issue on March 24th and 25th 2011. Hot 

topics at the conference, which was attended by over 200 sci-

entists and professionals, included the latest developments in 

condition monitoring systems for electronic and mechatronic 

components,self-sufficientpowersuppliesforsuchsystems

and new approaches for integrating them into harsh industrial 

or high-temperature environments. 

workshop: Customized packaging for electronics and 

sensor technology 

On May 26th, 2011 approximately 40 participants caught up 

on the current trends in component integration at Fraunhofer 

IZM’s workshop on »Customized packaging for electronics and 

sensor technology«. 

After a theory-based introduction, the visitors put their new 

knowledge into practice in the institute’s laboratories by test-

ing component reliability, trying out different approaches in 

quality assurance and studying material- and stress-based fail-

ure mechanisms.

getting the dirt on the cleanroom at long night  

of the sciences

On May 28th 2011, Fraunhofer IZM and TU Berlin’s TU Berlin’s 

Forschungsschwerpunkt Technologien der Mikroperipherik 

participated in the Long Night of the Sciences. It was the sixth 

time that the two institutions presented their latest develop-

mentsattheannualeventthatgivesthelaypublicafirst-hand

lookatthelatestinscientificresearch.TheTU’scleanroom

drew the biggest crowd. Many of the just over 500 visitors 

seized the chance to glimpse behind the scenes of microchip 

manufacturing and take home their very own chip.

Fraunhofer IZM’s focus in 2011 was medical engineering.  

The institute presented patient-oriented laboratory diagnos-

tics, a lens-free chip microscope that was developed in-house 

and world’s third-smallest camera, developed for single-use 

endoscopes. The latter exhibit called for a bit of teamwork, 

with one visitor operating the endoscopic camera to examine 

the tummy of a very out-of-sorts stuffed lion, while the other 

performed microinvasive surgery to remove an accidently 

»swallowed« piece of foam from said patient.

Saving a lion in distress proved popular, but not to worry - 

those queuing passed the time analyzing the color spectrum 

of gummibears using two of the institute’s laser and LED scan-

ners.TheexerciseshowcasedFraunhoferIZM’sfluorescence

microscopy-based technology for determining the freshness of 

foodstuffs. By the end of the night, young and old had learnt 

a lot more about Fraunhofer IZM’s work – and a very great 

number of gummibears had seemingly vanished into thin air! 

Well, we’ll just write that off as yet another mystery of science 

awaiting investigation by inquiring young minds.

/ /  e v e n t s
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Zve’s 30th anniversary – grounds for celebration!

Over the 30 years since its founding, the Center for Interconnection Technologies (ZVE) has 

becomethefirstport-of-callforanyandallproblemsandissuesrelatedtothepracticalapplica-

tion of modern packaging technology. Its training courses are continually revised to cover all 

thelatestdevelopments.Inadditiontoitsnowlong-standingESAandIPCcertification,thepro-

gramhasrecentlybeenexpandedthankstocertificationbyAZWVandforhandsolderingby

Deutscher Verband für Schweißen und verwandte Verfahren e. V. (German Association for 

Welding and Related Processes, DVS).

The anniversary was celebrated on October 18th with more than 40 invited guests from  research 

and the technology sector. After a brief overview of the center’s history by the ZVE Head  

Dr. Frank Ansorge, staff members presented ZVE’s of core services and expertise in  training, 

simulation and soldering. Last but not least Mr. Schmeller from Sumida Components & Mod-

ules GmbH gave a guest  lecture showcasing his positive experience of a cooperation project 

with ZVE on »Ensuring the reliability of innovative package technologies for components and 

modules«.

over 100 participants at trends in system Integration

Customized solutions and the integration of non-digital components like sensors and power 

electronics are propelling advances in microelectronics. Over two days, more than 100 partici-

pants in the Trends in System Integration workshop found out which of these factors will lead 

to new products in microsystem technology in the next few years. Fraunhofer IZM scientists 

used practical examples from medical engineering, safety and security technology, industrial 

and power electronics, and LED and automotive technology to illustrate the maxim that under-

lies ongoing integration, namely “from the technology to the application”.

workshop: Miniaturized electronics for Medical products

Medicalengineeringproductslikepacemakers,hearingaids,microfluidicsystemsandretina

 implants are now simply unimaginable without microsystems. Held during COMPAMED 2011  

in November, the workshop »Miniaturized Electronics for Medical Products« presented the 

 innovative products just around the corner thanks to Fraunhofer IZM’s technologies, including 

sensor-actuator components with wireless interfaces that literally disappear into the body, ban-

dageswithintegratedsensorsandt-shirtswithelectro-microfluidicfunctions.Withparticipation

by the companies Orthopädie Technik Winkler, maris TechCon and AIBIS Informationssysteme 

GmbH, the program extended beyond innovative research to include the commercial viability  

of products. 

1 2

1 First international MRO 

Conference in Berlin

2 Festive atmosphere 

at the Fraunhofer IZM 

 Research Award Ceremony 

2011 
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workshop: Flexible technologies

On November 16th and 17th, over 100 experts from around  

the world gathered in Berlin for the third international work-

shoponflexibleandstretchableelectronics.Aone-daytutorial 

was held at Fraunhofer IZM as prelude to the workshop and 

included a comprehensive practical component in the insti-

tute’s laboratories.

The subsequent two-day tutorial focused on practical exam-

plesfortheintegrationofflexibletechnologiesindifferent

 application areas. How will textile sensors change motor 

 vehicles? How can intelligent textiles be used to monitor a 

patient’svitalstatistics?Whatisthelifetimeofflexibleinter-

connections and how can it be improved? These questions 

and more were covered in approximately 35 presentations by 

experts from science and industry, while the results of individ-

ual research projects were presented in about 20 posters.

Fraunhofer IZM: terrific scientific AND sporty!

Fraunhofer IZM again had several teams in Berlin Wasserbe-

triebe’s 5x5 km relay race, held every June in the Tiergarten. 

Sixteams,withatotalof30runnersfromfivedepartments

joined in. Fraunhofer IZM’s fastest team was 45th in a total  

of 4200 teams.

aMa training seminars on sensors

Fraunhofer IZM organized four seminars together with the  

TU Berlin and the AMA Association for Sensor Technology 

(AMA) in 2011. Two seminars focused on the technology-ori-

ented design of autarkic wireless sensors, while further topics 

included energy harvesting and energy-minimized wireless 

communication. A newly added practical component, which 

gave the participants hands-on experience with autarkic sen-

sor systems, was particularly well received. The other two sem-

inars concentrated on plastic packaging, a new topic in the 

seminar series. 

Over two days, Fraunhofer IZM experts presented, discussed 

and demonstrated the technologies used to encapsulate 

 miniaturized sensors in plastic. The participants were given 

miniaturized USB weather stations as a handout and practical 

example. 

european Center for power electronics (eCpe)

Fraunhofer IZM has been helping organize and teach ECPE 

seminars for several years. In 2011, the institute participated  

in a number of seminars, including a February event in Berlin 

focusing on »Parasitic Elements in Power Electronics« and a 

June seminar in Munich on »Electronics around the Power 

Switch«, at which the institute’s scientists presented an ad-

vanced technique for measuring the temperature of power 

switches. 

Apart from the EPE in Birmingham, the IZM also contributed 

to the »SiC & GaN User Forum« and last but not least the 

 ever-popular »EMC in Power Electronics«, which was held  

for the fourth time in Düsseldorf.

/ /  e v e n t s
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events with Fraunhofer IZM participation 2011 (selection)

International  Mro Conference March 2011, Berlin

workshop: Customized packaging for 

 electronics and sensor technology 
May 2011, Berlin

long night of the sciences May 2011, Berlin

european power electronics epe August 2011, Birmingham (GB)

siC & gan user-Forum September 2011, Birmingham (GB)

Zve‘s 30th anniversary October 2011, Oberpfaffenhofen

workshop: trends in system Integration October 2011, Berlin

award »365 landmarks in the land of Ideas« October 2011, Berlin

eMv in power electronics October 2011, Düsseldorf

workshop: Miniaturized electronics  

for Medical products
November 2011, Düsseldorf

workshop: Flexible technologies November 2011, Berlin

Fraunhofer IZM research award December 2011, Berlin

aMa training seminars on sensors 2011, Berlin

european Center for power electronics 2011, Berlin

1

1 »365 Landmarks in the 

Land of Ideas« – Meeting 

of the Award Winners
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FraunhoferIZMthenvisitedNuremburgnotonceortwice,butthreetimeslastspring.Thefirst

event, in early May, was SMT, Europe’s largest conference and trade show for system integra-

tion in microelectronics. Fraunhofer IZM put the spotlight on packaging for power electronics 

andexhibitedallitsrecentdevelopmentsinthefield,includingaprototypeofaconverterthat

controls a motor integrated into the hub of a helicopter rotor. 

Another highlight was a prototype of a high-power LED module with integrated liquid cooling. 

The latter was also a great example of high density packaging – up to 160 LEDs were squeezed 

onto a carrier of just 250 x 1 mm2. Harald Pötter, Head of Fraunhofer IZM Marketing, gave the 

eventathumbs-up:»Thismakesupforlastyear,whichwasalittleslow.We’vedefinitelyseen

many more visitors at our booth this time.«

Mid-May was again all about power electronics. One of Fraunhofer IZM’s exhibits at Power 

Conversion Intelligent Motion (PCIM) was a current-compensated choke for 200 A, manufac-

tured by automated processing. We also presented an active leakage current compensation 

 device, whose features include preventing RCDs from tripping while an electric vehicle is being 

charged. The converter for a helicopter rotor’s engine, already exhibited at SMT, again proved 

to be a draw card.

Last  year’s  conferences and trade shows kept Fraunhofer IZM very busy.  The season kicked off  in March 

with Dresden’s Smart Systems Integrat ion conference.  As in previous years,  a wide range of Fraunhofer 

IZM sc ient ists  contr ibuted lectures.  The inst i tute a lso presented i ts  latest  e lectronic packaging results  at 

the trade show that accompanied the conference.

FRAUNhOFER iZm AT 
TRAdE shOws

/ /  e v e n t s
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1 Production line »Future 

 Packaging« Team at SMT 

2011

2 Fraunhofer IZM at 

 Productronica in  Munich

ThethirdandfinalNuremburgeventwasSENSOR+TESTinJune.Here,theinstitute’sshowcase

includedFreshScan,afluorescencemicroscopy-baseddeviceformonitoringthefreshnessof

foodstuffs throughout the supply chain. The opportunity to try out the device, which was 

 exhibited in fully operational mode, proved popular with many visitors.

In mid-November, the institute set off to Munich for PRODUCTRONICA 2011. Here, Fraunhofer 

IZM joined forces with other Fraunhofer institutes and presented its entire spectrum of micro-

electronics and microsystem technology services, with a particular focus on embedding technol-

ogies for power electronics. Another success, according to Harald Pötter: »We’re pleased with 

the contacts we’ve made. Particularly our spectrum of services for power electronics (…) drew a 

lot of attention.«

For Medica 2011 in Düsseldorf, power electronics took backseat to make room for a topic cen-

traltoalmostallareasofmedicalengineering–highlyintegratedelectronics.Moreflexibility,

more reliability, more functionality – Fraunhofer IZM again took the lead in showing what elec-

tronics can do.

ready, steady, go – live manufacturing at sMt organized by Fraunhofer IZM

The Application Center Smart System Integration organized the live production line Future 

Packaging at SMT in Nuremburg for the second time in 2011. The year’s motto was »Highest 

precision at smallest lot sizes«. All eyes were drawn to LineRecorder, traceability software that 

helps manufacturers optimize their manufacturing environments.

The production line went live three times a day, accompanied by guided commentaries. We 

also provided set consultation sessions to give visitors a chance to ask questions and get advice 

inaone-on-onesetting.Topicsincludedunderfilling/encapsulation,automatedopticalinspec-

tion(AOI),destructivetesting,repair,wirebonders,vaporphaseflipchipsoldering,solderappli-

cations and traceability. Everyone involved in the production line came away happy in 2011.  

For example, Stefan Schulz from Brady: »We were more visible and were able to address more 

visitors because the machines and booths were organized differently this year«.

1 2
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wORkshOPs 2012
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regular workshops at the application Center smart 

 system Integration 

We are holding several workshops again this year, focusing  

on transferring know-how from our experts to you. 

You have a choice of three different kinds of workshops. 

Workshops on latest international technological trends •

focus on current technological developments with regard 

to designing future technology.

Workshops on trends for medium-sized businesses present •

fully-developed technologies already in application. 

Hands-on-workshops combine market-relevant know-•

ledge transfer with practical work in the laboratories or at 

machines.

Depending on demand we offer workshops in the different 

categories. 

Please contact us if you are interested, we will tell you the 

dates for coming workshops and we will also be happy to 

 organize individual events for your company.

For more information, go to 

www.apz.izm.fraunhofer.de/bau/index.php?events

Contact:

Harald Pötter, harald.poetter@izm.fraunhofer.de

 

[ 1] 3d integration for medium-sized companies 

Current developments and trends in 3D integration technolo-

gies are presented. Special attention is being paid to the needs 

of medium-sized companies. 

what will you learn?

3D design•

Silicon 3D integration •

Stacking of chips and boards - 3D integration•

Reliability of 3D assemblies•

Potential participants: international packaging experts from all 

industry sectors.

[ 2 ] leds – application, reliability and technology 

From design through assembly and interconnection to reliabil-

ity analyses this workshop provides a comprehensive overview 

of power electronics.

what will you learn?

Design and electromagnetic compatibility•

Assembly and interconnection technology•

Analytics•

Thermal management and reliability•

Potential participants: developers and manufacturers from the 

realm of LEDs.
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[ 3 ] substrate technologies

This workshop is designed to discuss international research 

and development trends in the area of substrate technologies

what will you learn?

SIP-design and Substrate-level integration•

Reliability and Embedding•

Interconnects, assembly and packaging•

Potential participants: international packaging experts from all 

industry sectors.

[ 4 ] autarkic sensor networks

This Fraunhofer workshop presents the state-of-the-art and 

current trends in wireless sensor networks.

 

what you will learn:

Application examples and trends•

Energy supply for autarkic sensors•

Networks/communication•

Sensor packaging•

Potential participants: technology-oriented small and 

 medium-sized enterprises.

[ 5 ] workshops on die and wire bonding 

Quality and reliability aspects of wire bonds are discussed in 

this workshop and practical bond tests are carried out on test 

substrates. 

what will you learn?

Die-,US-wedge/wedge-andTS-ball/wedge-bonding•

Heavy wire- and ribbon bonding•

Visual inspection•

Pull- and shear test analyses•

Potential participants: technicians, managers, developers and 

construction engineers.

electronics goes green 2012

The fourth Electronics Goes Green Conference will be taking 

place in Berlin, Germany, from September 9 to 12, 2012. The 

event will build on the success of the last three »Electronics 

Goes Green« Conferences in 2000, 2004 and 2008, which 

were all attended by over 500 participants.

 

Organized by Fraunhofer IZM and Technical University Berlin, 

the event is a cutting-edge forum for discussion on electronics 

and the environment. Leading technology experts and eco- 

designers will meet for four days of lectures, workshops and 

networking on this ever more important topic.

Under the slogan, »Taking Green to the Next Level«, the pro-

gram will feature exciting new approaches in green IT, life- 

cycle engineering, new technologies and all the latest issues in 

legislation and regulation, corporate social responsibility and 

managing critical resources and sustainability. The congress 

will include an exhibition of best practice products, where par-

ticipants can get a hands-on look at all the latest in green 

technology and have a chance to meet with the developers 

and manufacturers of tomorrow’s technology today.

 

For further information please go to  

www.egg2012.de
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PROmOTiNg yOUNg TALENTs

Fraunhofer IZM extends its school partnership program 

Recruitment problems, skilled worker shortages – many see 

 education and training as stagnating. Fraunhofer IZM is mak-

ing a positive contribution to countering this perceived down-

ward spiral by expanding its partnership program with schools. 

The institute has already maintained a cooperation with the 

Diesterweg Gymnasium, a high school in the Berlin district of 

Wedding, for the past six years and now also plans to work 

with students from Berlins Heinrich-Hertz Gymnasium, which 

has strong focus on math and natural sciences.

The partnership program is intended to prepare students for 

the realities of the workplace and, above all, to encourage 

them to choose careers in technology and research. At the 

sametime,FraunhoferIZMwillfindouthowtobettertailor 

its vocational training program to the needs and requirements 

of the school system and thereby make careers in engineering 

more attractive to girls in particular. The time for such an ini-

tiative has never been better, with studies showing that only 

10 percent of German high school students consider embark-

ing on a career in engineering.

work experience at Fraunhofer IZM a hit with high 

school students 

Six eleventh and twelfth grade students from the Heinrich-

Hertz-Gymnasium in Berlin-Friedrichshain completed a three-

day work experience program at Fraunhofer IZM in January 

2011. The high school recently joined Fraunhofer IZM’s grow-

ing number of partner schools. Each pair of students took on 

an experiment from one of the following topics: Wire bonding 

technologies,Chemicallaboratory/substratetechnologyand

Long-term condition monitoring of electronic components. In 

the wire bonding laboratory, the students learnt how a silicon 

chip is electrically connected to the surrounding circuit board 

and, supervised by two microtechnologists, tested the reliabil-

ity of a wire bond using a pull tester. 

In the chemical laboratory, the students measured the layer 

thicknesses of electroplated circuit boards, and optically mea-

sured electroplated traces and pads. The students also man-

agedtocalibratetheX-rayfluorescence(XRF)machineusing 

a bath analysis for circuit board manufacture.

The state of electronic components in machines under various 

environmentalinfluencessuchasvibrationandhumidityis

controlled and analyzed in Fraunhofer IZM’s Electronic Condi-

tion Monitoring laboratory. Here the students performed 

 vibration measurements on electronic components in shakers 

and, using acceleration testing, investigated how often a 

 device can fall before the electronics fail. This was particularly 

 interesting for the teenagers majoring in math, as the tests 

 involve integral and differential calculus.

/ /  e v e n t s

For more than 10 years Fraunhofer IZM has been try ing to awaken young people’s interest in technical 

development, as wel l  as careers in technology and research. The profess ional training at the inst i tute is 

based on the dual education model,  combining apprenticeship with study at a vocat ional school.  The inst i -

tute also offers plenty of other opportunit ies for young people to famil iar ize themselves with the work at 

Fraunhofer IZM during workshops and internships.
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1

Onthefinalday,allthreegroupspresentedshorttalksonthetechnicalparametersoftheir

measurement experiments and their results. The Fraunhofer IZM supervisors were extremely 

 impressed at how deeply the students had gone into the material, how well they had under-

stood details, and the extent to which they had digested the content in just three days.

girls’ day: encouraging up-and-coming young researchers 

The eleventh annual Girls’ Day enjoyed record participation, with more than 10,000 events 

throughoutGermany.Morethan125000,fifth-gradersandoverhadfreereintoexploretech-

nical, life-science, manual and IT professions – for example at Fraunhofer IZM. As in previous 

years, the institute offered 11- to 14-year-old girls interested in technology a glimpse of the 

 institute’s day-to-day research. Girls’ Day aims to enthuse girls and young women for courses 

and/orcareersintechnicalortechnology-relatedfields.

The following topics were explored this year:

Flashing a torch – how do LEDs work?•

Where do the chips in my mobile phone come from? – A tour of the cleanaroom•

Acandlewithoutflame–howtobuildanelectroniccircuit•

The last part of the workshop was a hands-on opportunity for the visitors to build their own 

 little weather station.

workshop: Micro-Mechatronics – the technology of tomorrow

The talent school is part of Fraunhofer’s program to encourage up-and-coming researchers. At 

regular intervals, Fraunhofer scientists host a variety of workshops for young people interested 

intechnologyanddiscussingcurrentscientificquestions.

In November 2011, the Fraunhofer Micro-Mechatronics Center (MMZ) in Bavaria invited tal-

ented youngsters to learn more about the integration of sensors and actuators in robots, vehi-

cles and machine elements. It was the fourth time the Center hosted the workshop. What is 

micro-mechatronics really? How does the holistic design of electronics and mechatronics work? 

MMZ Director Dr. Frank Ansorge answered these and many other questions using examples 

and case studies. In two practical workshops supervised by MMZ scientists, the teenagers 

picked up soldering irons to help assemble the MMZ IR BOT, a µ-processor controlled robot. 

 Together the participants individually programmed their MMZ robot and learn about the inter-

play between sensors and actuators. 

2

1 Girls‘ Day 2011 at

Fraunhofer IZM

2 Work experience 2011 at 

Fraunhofer IZM with high 

school students
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Financial situation

Fraunhofer IZM carried the success of 2010 into 2011, increasing its turnover by 5 % to 24.2 

million euros. This was thanks in part to proceeds of € 7.9 million from German and internatio-

nal industry and trade associations, which also increased by 5 %.

No small role was also played by the institute staff’s ongoing commitment to rapidly transfer-

ring excellent results from publically funded research and development into the commercial 

 sector.

FraunhoferIZMfinanced93%ofitsoperatingbudgetthroughexternalcontractsin2011,

 freeing up a total of € 22.5 million for ongoing projects. 

equipment investment

InvestmentintotheprojectgroupFraunhoferIZMASSIDattheDresden/Moritzburgbranch,

which had begun in 2009, were largely completed in 2011. Another round of equipment at a 

value of € 8.1 million was acquired, installed and put into operation.

Additionally, the institute began establishing the »Crimping Technology« practical laboratory at 

the Oberpfaffenhofen branch as part of the Fraunhofer Academy. The new lab is being jointly 

funded to the tune of € 0.4 million by the Fraunhofer Gesellschaft and the institute in order to 

extend the branch’s range of application areas. 

/ /  F a C t s  &  F I g u r e s
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The planned courses will teach developers the critical parameters in selecting materials and the 

manufacturing requirements for quality-assured and reliable joining. The quality criteria for 

 inspecting crimped joints will be covered, as will the calibration of various tools. Pull testing, 

voltage drop measurement and microsections will be used to determine the reliability of such 

joints.

Manufacturing staff will be trained in crimping using documented manufacturing instructions. 

Monitoring and evaluation of the joints is performed according to the inspection criteria of the 

IPC-A-620. 

Furthermore, the institute is producing e-learning material for mobile devices in cooperation 

with the Fraunhofer Academy, which will then be available as part of the iAcademy brand.

The institute provided € 1.9 million for ongoing maintenance and replacements. The funds were 

used to expand Fraunhofer IZM’s infrastructure with a range of different individual  machines 

andtoincreasetheefficiencyofexistingequipment.

human resources 

Thanks to the positive balance sheet in 2011, Fraunhofer IZM was able to again create additio-

nal positions in 2011. The institute’s staff increased from 180 to 197 at Fraunhofer IZM’s 

branchesinBerlin,Dresden/MoritzburgandOberpfaffenhofen.

Theinstitutealsooffersstudentstheoptionofcombiningtheirstudieswithpracticalscientific

researchatFraunhoferIZM’sofficesandlaboratories.Attheendof2011,FraunhoferIZMwas

supervising 152 interns, Masters students and student assistants. This represents an increase of 

almost 25 % over the previous year.

The institute continues to regard providing training and apprenticeships as one of its central 

tasks. In 2011, 9 apprentices were trained as microtechnology technicians and business admini-

strators.
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Fraunhofer IZM is germany’s top research institute on electrotechnology

The German Council of Science and Humanities (Wissenschaftsrat) has released a study com-

paring and appraising the research performance of all German universities and non-university 

research institutions working in the area of electrotechnology. Fraunhofer IZM was rated as 

»verygood«or»excellent«inallfiveareasevaluated–researchperformance,effectiveness,

efficiency,advancementofyoungresearchers,andresearchtransfer,whichplacesitatthetop

of the 47 research institutes compared.

Fraunhofer IZM microcamera wins »365 landmarks in the land of Ideas« award

Fraunhofer IZM has won an award in the national innovation competition »365 Landmarks in 

the Land of Ideas«. The camera is used in healthcare technology, such as endoscopes. Smaller 

than the head of a pin and with a resolution of 62,500 pixels thanks to a unique »packaging 

technology«, Fraunhofer IZM’s microcamera sets a new benchmark in healthcare technology. 

Earlier,similarcameraswereequippedwithfiberoptics,whichallowedaresolutionof10,000

pixels. At the award ceremony on October 26th, 2011, Ira Holl from the Deutsche Bank Berlin 

named Fraunhofer IZM’s microcamera a »Selected Landmark 2011« and emphasized that 

»Fraunhofer IZM’s new high-resolution microcamera revolutionizes endoscopy. Such convincing 

innovations ensure Germany has a pole position in healthcare technology.«

The tiny camera for high-resolution images is one of 365 award winners selected each year by 

the joint initiative »Germany – Land of Ideas« and the Deutsche Bank under the aegis of the 

German Federal President. »We are very proud to be have been named a 'Selected Landmark' 

in the Land of Ideas. Innovations like the microcamera show how extremely important microsys-

tem technology is to the European research landscape.« commented Fraunhofer IZM’s Prof. 

Klaus-Dieter Lang.

tu berlin and the association of german engineers (vdI) 

IZM employee Markus Wöhrmann was singled out for praise not just once, but twice for his 

Masters thesis, entitled »Managing Polymerization Stresses by Minimizing Mechanical Stress in 

BCB Thin Films during Processing«. The TU Berlin named him as one of the year’s three top 

graduates of the degree Masters in Electrotechnology, while the Association of German Engi-

neers Berlin-Brandenburg chapter also commended him for his outstanding results in Electro-

technology and IT. 

/ /  F a C t s  &  F I g u r e s
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IZM research award 2011 goes to dr. eckart hoene

Eachyear,FraunhoferIZMacknowledgesoutstandingscientificachievementbyaninstitutesci-

entist with the Fraunhofer IZM Research Award. In 2011, the award went to Dr. Eckart Hoene, 

head of the research group Power Electronic Systems. 

Eckart Hoene, who has been working on power electronics for more than 14 years, was hon-

ored for his work on the »Development and Industrial Implementation of Design Processes for 

the Electromagnetic Optimization of Power Electronics«. Especially the manufacturers of electri-

calandhybridvehiclesbenefitfromHoene’swork.TheprizewaspresentedbyFraunhoferIZM

director Klaus-Dieter Lang during a festive award ceremony on December 21st , 2011 at the DZ 

Bank’s Berlin headquarters.

Fraunhofer IZM apprentice pia Johne is honored for excellent exam results

Together with twelve apprentices from other Fraunhofer institutes, former Fraunhofer IZM 

 apprentice Pia Johne (micro technologist, focus microsystem technology) was honored for her 

outstanding exam results by the Fraunhofer Board of Directors. The festivities took place at the 

Fraunhofer-Haus in Munich.

Pia Johne has taken taken up a course in biosystem technology at The University of Applied Sci-

ences in Wildau and continues to work at Fraunhofer IZM as an intern. Fraunhofer is currently 

training just under 400 apprentices in 31 professions. Fraunhofer regards it a social responsibil-

ity to train in excess of their own demand. 

Fraunhofer IZM’s torsten nowak receives gottlob-schumann award

For his outstanding diploma thesis Torsten Nowak of Fraunhofer IZM was honored with the 

Gottlob-Schumann Award in the category of natural and engineering sciences by the University 

of Applied Sciences Lausitz on December 6, 2011. 

The award comes with prize money of € 500 and was presented to Torsten Nowak in a festive 

ceremony at the university.

young engineer award sMt 2011 for daniel hahn

ThewinneroftheYoungEngineerAwardwasannouncedonthelastdayofthe2011SMT/

Hybrid/Packagingtradeshow.FraunhoferIZMBerlin’sDanielHahncarriedthedaywithhis

poster, entitled »The Reliability of Concave Flip Chip Solder Joints under Combined Tempera-

ture and Vibration Loading«. The winner was decided in a popular vote by visitors to the trade 

show and Daniel took home a prize of € 500 as reward for his efforts.

1  Fraunhofer IZM 

 Research Award winner  

Dr. Eckart Hoene (center) 

together with Dr. Martin 

Schneider-Ramelow (left) 

and IZM‘s director Prof. 

Klaus-Dieter Lang

2 Festive tribute to 

Fraunhofer‘s best trainees 

in Munich
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dissERTATiONs, 
bEsT  PAPERs, AwARds
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dissertations

Morgenstern, H.

Effiziente Verifikation der Robustheit komplexer 

 integrierter schaltungen

Ohnimus, F.

Efficient Integration of Planar Antennas Considering 

electromagnetic Interactions at board level

Linz, T.

analysis of Failure Mechanisms of Machine embroidered 

electrical Contacts and solutions for Improved reliability

best papers

Ostmann, A.; Brühl, B. ; Manessis, D.; Seckel, M.; Lang, K.-D.

Modular Microelectronics by system-in-packages with 

embedded Components

Outstanding Paper Award, IMPACT 2011. October 2011, 

 Taipei, Taiwan

awards

highest score in research ranking

Fraunhofer IZM

»365 landmarks in the land of Ideas« award

Fraunhofer IZM

Fraunhofer IZM-research award 2011

Dr. Eckart Hoene

top Fraunhofer trainee

Pia Johne

gottlob-schumann-award

Torsten Nowak

young engineer award sMt 2011

Daniel Hahn
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lectures

technical university berlin

b. bouhlal, dr. t. tekin

Design, Simulation and Reliability of Microsystems•

dr. r. hahn

Miniaturized Energy Supply Systems•

prof. k.-d. lang

Technologies for Multi-functional Systems•

Hetero System Integration Technologies•

dr. I. ndip

Numerische Feldberechnung•

Electromagnetics for Design and Integration of  •

 Microsystems

dr. h. ngo 

Manufacturing Technologies for Micro Sensors•

dr. h. ngo, dr. M. töpper, prof. k.-d. lang 

Microsystem Technologies•

FEM Simulation of micro-sensors and -actuators•

dr. nils F. nissen

Design of Environmentally Compatible Products•

dr. M. schneider-ramelow 

 Materials of System Integration•

LECTUREs, EdiTORiALs

dr. t. tekin 

Photonic Packaging •

Antenna Simulation•

Antennas and Wave Propagation•

dr. M. töpper

Physical/ChemicalFoundationsofMST•

beuth hochschule für technik berlin

dr. h. schröder

Opto Electronics•

htw, hochschule für technik und wirtschaft berlin

dr. h. walter

Materials of Microsystems•

editorials

plus Journal (eugen g. leuze verlag)

K.-D. Lang (Vice Chairman of the Editorial Board)

Mechatronik (verlag I.g.t. Informationsgesellschaft 

 technik mbh)

F. Ansorge (Editorial Board)
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mEmbERshiPs  
(sELECTiON)

aeneas (enIaC plattform) Dr.K.-D.Lang(upto11/2011)
Representative of the 

Fraunhofer Society

aMa Fachverband sensorik, wissenschaftsrat Dr. V. Großer Member

bayerisches Innovationcluster „Mechatronik und 

 automation“, Fachgruppe Mikro-Mechatronik
Dr. F. Ansorge Chairman

Catrene - eas working group on energy Dr. R. Hahn Member

deutscher verband für schweißtechnik dvs Prof. K.-D. Lang Executive Board

deutscher verband für schweißtechnik dvs  

arbeitsgruppe »bonden«
Dr. M. Schneider-Ramelow Chairman

ecodesign 2011 Dr. N. Nissen International Co-Chair

electronic Components and technology Conference 

eCtC
Dr. Henning Schröder

Optoelectronics  

Committee Co-Chair

eos european optical society Dr. H. Schröder Member

EURIPIDES Scientific Advisory Board Prof. K.-D. Lang, M. J. Wolf Member

european photonic Industrial Consortium (epIC) Dr. Henning Schröder
Representative  

Fraunhofer  IZM

IMaps (signal/power Integrity subcommittee) Dr. I. Ndip Chair

IMaps deutschland Dr. M. Schneider-Ramelow President

International electronics Manufaturing Initiative 

ineMI
M. J. Wolf Member

International technology roadmap semiconductors 

(Itrs)
M. J. Wolf Chairman Europe

JIsso european Council M. J. Wolf Member
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lange nacht der wissenschaften e. v. berlin H. Pötter
Representative of  

Fraunhofer

seMI award Committee Prof. K.-D. Lang Member

semiconductor 3d equipment and Materials 

 Consortium
M. J. Wolf Board Member

semiconductor Manufacturing technology sematech M. J. Wolf Member

sMt/hybrId/paCkagIng kongress Prof. K.-D. Lang 
HeadofScientific

 Committee

technologiestiftung berlin (tsb) Prof. K.-D. Lang  
Member of the Board  

of Trustees

Ieee Component, packaging and Manufacturing 

 technology society

Technical Committees:

Green Electronics, Manufacturing and Packaging

MEMS and Sensor Packaging

Wafer Level Packaging

IEEE CPMT German Chapter

R. Aschenbrenner

Dr. N. Nissen

E. Jung

Dr. M. Töpper

Prof. K.-D. Lang

President

Technical Chair

Technical Chair

Technical Chair

Chair

vdI/vde-gesellschaft für Mikroelektronik,     

Mikro- und Feinwerktechnik (gMM)
Prof. K.-D. Lang Vice Chairman

vdMa, Fachverband Mikrotechnik, vorstand 

 Modulare Mikrosysteme
Dr. V. Großer Member

wIssenschaftlich-technischer rat der 

 Fraunhofer-gesellschaft 
K.-F. Becker

Representative of 

 Fraunhofer IZM

Zentrum für Mikrosystemtechnik berlin Prof. K.-D. Lang Spokesman of the Board
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COOPERATiON wiTh 
 iNdUsTRy (sELECTiON)

advanced semiconductor engineering Kaohsiung (TPE)

aeMtec gmbh Berlin

alenia aeronautica spa Rom (I)

aMo gmbh St.Peter/Hart

andus electronic gmbh Berlin

applied Materials Inc. Santa Clara

astrium gmbh Bremen

a.s.t. group Wolnzach

at&s ag Leoben (A)

atotech deutschland gmbh Berlin

audI ag Ingolstadt

austriamicrosystems ag Unterpremstätten (A)

austrian airlines ag Vienna (A)

awaiba gmbh Nürnberg

b/e aerospace Inc. Lübeck

baker hughes InteQ gmbh Celle

baumer-hübner gmbh Berlin

blackrock Microsystems lCC Salt Lake City (USA)

bMw ag München

brewer science ltd. Derby (GB)

brose Fahrzeugteile gmbh & Co. kg Coburg

bundesdruckerei gmbh Berlin

Cogo optronics gmbh Berlin

Compass eos Netanya (IL)

Contag gmbh Berlin

Continental ag
Nürnberg, München, 
Frankfurt, Regensburg

Converteam sas Berlin

daimler ag Berlin, Bremen

datacon gmbh Radfeld (A)

denso Corporation Japan

deutsche bahn ag
Berlin, Frankfurt, 
München, Dessau

dIehl stiftung & Co. kg
Nürnberg, Frankfurt, 
Wangen

disco Tokyo (J)

doublecheck gmbh Berlin

dupont USA, J, DE

eads/Cassidian Ulm

elbau gmbh Berlin

endress & hauser gmbh & Co. kg Maulburg

enocean gmbh Oberhaching

enthone Inc. West Haven (USA)

esw gmbh Hamburg, Wedel

esys gmbh Berlin

evg group St.Florian am Inn (A)

excelitas technologies Corp. Pfaffenhofen

FiconteC service gmbh Achim

Fujitsu technology  gmbh Augsburg

gesellschaft für Maschinendiagnose mbh Berlin

globalFoundries Inc. Dresden

heraeus holding gmbh Hanau

hirschmann gmbh Rankweil (A)

hMp Hannover

höft &wessel ag Hannover

hytech ag Brügg

IMC gmbh Berlin

Infineon Technologies AG Mainz, München

Jenoptik/esw gmbh Wedel
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John deere & Company Mannheim

kayser-threde gmbh München

ksw Microtec ag Dresden

leM sa Genf (CH)

leuze electronic gmbh & Co. kg Owen

lewICkI microelectronic gmbh Oberdischingen

Magnet-sChultZ gmbh & Co. kg Memmingen

Maxon Luzern (CH)

MdIschott advanced processing gmbh Mainz

Med-el gmbh Innsbruck (A)

MetalleX ag Uetikon (CH)

Microelectronic packaging (Mpd) gmbh Dresden

Microepsilon gmbh Ortenburg
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J.-M.; Schmitz, S.; Hoene, E.; Lang, K.D. 
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Proceedings 44th IMAPS International Symposium on 
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three-dimensional microbattery and method for the 

 production thereof 

US201107480 AA

Hahn, R.; Benz, S.

electrochemical reactor useful for power supply of a 

 system, comprises a galvanic cell, which has a metal 
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