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suitable for laser direct structuring of 3D molded 
interconnect devices.  

The irradiation cross-linked Creamid can be soldered 
with block tin alloys and a soldering temperatures 
higher by ca. 20 – 30% is necessary for this. In plain 
language: soldering temperatures over 400 °C for up 
to three seconds are no problem for irradiation cross-
linked components.  

Specialists at LaserMicronics GmbH structured and 
metallized the Creamid test plates. On the basis of the 
measurement data ascertained, credible statements 
could be made on the required laser and metallization 
parameters for adhesion of the metal layers on the 
plastic and for the general suitability of the process for
production of coilformers. The LPKF LDS
development center under the direction of Dr.
Wolfgang John was also involved in the design of the 
process and the additivation. 

It is now certain: the pilot project has led to a valuable 
material qualification that benefits the other product 
innovations of NORWE. 

The qualified LDS process has now entered series 
production at NORWE. The first step was the 
substitution of an existing component by its LDS 
counterpart. Tiny coil formers were produced as LDS 
variants with an existing injection mold and metallized. 

Connection technology with the best soldering 
characteristics 

After a successful launch, implementation on other 
components started. The completely newly developed 
and patented SMD3 coilformer series from a glass
fiber reinforced, cross-linked polyamid PA 6.6 with 
0.1 µm

gold finish has been successful in the first customer 
applications and is ready for series production.
Thanks to the LDS process, the coilformers no longer 
need metallic solder contacts, so no clamping of the
component and no pressing the contacts in. The 
required contact and winding surfaces come about 
through laser processing and chemical metallization. 

“The advantages at all levels have convinced us,” says 
René Weiner, managing partner at NORWE GmbH. 
“Reduction of components, lower item weight, simpli-
fied connection technology, outstanding soldering 
characteristics, optimal coplanarity and the option of
small and medium-size series without a large 
assembly outlay – LDS technology still offers much
potential for coilformers.”

Very small or very big: at the time of printing, two LDS 
coilformers have made it into series production – and 
others will follow.
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3D coilformers in LDS technology 
Glass fiber reinforced cross-linked PTS Creamid LDS promises 
production advantages  
They are in transformers, computers and automobile electronics: coils and their basic elements, the coil-
formers. Inconspicuous, but indispensable – and with very specific requirements for their development and 
manufacturing. Because as coils are wound ever tighter and packing density increases, innovative
processes become crucial. The coilformer specialist NORWE utilizes LDS technology and the material
expertise of LPKF and LaserMicronics in its joint development of new and optimized products. 

25,000 coilformers for various applications

NORWE GmbH (derived from the name of the 
company’s founder, Norbert Weiner) is one of the 
leading specialists worldwide in the development and 
production of coil formers and their accessories. The 
company started in 1956 as a producer of electrical 
devices in the North Rhine-Westphalian town of
Bergneustadt. The product portfolio today includes
around 25,000 coilformers for the most varied areas of
use. Every year, ca. 100 NORWE employees produce 
up to ca. 120 million items. Among its customers in 40
countries worldwide are suppliers of medical 
technology, automotive technology, alternative energy 
technology and aerospace as well as manufacturers 
within these industries. The export share is approx. 
50%. National and international companies in various 
areas rely on the NORWE standard, i.e., certified 
quality according to DIN EN ISO 9001:2008, UL746D 
and environmental management certification according 
to DIN EN ISO 14001:2009. At the same time, 
NORWE constantly strives for innovative processes 
and new technologies and secures new developments 
through its own patents. 

One part of NORWE’s extensive machinery: ca. 120 
million coilformers were manufactured on the injection 
molding machines in the past year. 

Coilformers and contacts

Coilformers have a broad application in electronic
components. A classic example is transformers 
integrated in power supply units that convert AC
voltage using coils. Further areas of application for 
coils are power electronics, sensors and security
electronics. The coilformers take up the winding,
provide the necessary connection technology and are 
available in the most varied designs, depending on the 
application. They have to withstand mechanical, 
electrical and thermal stresses in harsh environments 
every day. 

NORWE produces coilformers in a plastic injection
molding process. NORWE uses over 120 different 
materials.  

The electrical contacts are pressed into the plastic 
former or assembled in a further operation. They are 
for attaching the coil wires and for soldering the 
finished coils onto the circuit boards. 

Engineer Michael Kruszinski is responsible for quality 
assurance at NORWE. He works out the test criteria in the 
individual manufacturing stages to establish suitability 
for serial production. 
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Coplanarity – a quality criterion 

The requirements for coilformers increase rapidly with
smaller installation sizes. Especially with SMD or 
surface-mountable components, so-called coplanarity 
is a decisive quality criterion. An uneven distance of 
the soldered contacts to the circuit board impairs the 
soldering result. Pressing the wire contacts in is a 
mechanical procedure that can cause cracks in thin-
walled coilformers if not done properly.

This limitation within mechanical assembly (critical 
soldering results, difficult positioning of contacts) as 
winding qualities become ever smaller led NORWE to 
seek out innovative technologies. The company thus 
became interested in the LPKF Laser & Electronics 
process of laser direct structuring (LDS) and made 
contact with the production service provider 
LaserMicronics.  

Another development aspect is the target solderability 
of components over 400 °C. The liquid crystalline 
polymers (LCPs), which are much used and well-suited 
for production, have the disadvantage that they are not 
suitable for the high temperature range required here. 

Coplanarity
Coplanarity is a technical term in geometry. 
Several points are called coplanar if they lie along 
the same plane. 

For coilformers, this means that all connections
must lie along the same plane for reliable 
soldering. 

New product characteristics through teamwork 

Ultimately a joint project was started between NORWE 
GmbH, LaserMicronics GmbH and PTS Plastic 
Technology Service, the Adelshofen specialist for high-
performance polyamides that can be cross-linked by 
irradiation. LaserMicronics, with locations in Garbsen 
and Fürth, specializes in micro-material processing 
with the laser. The LaserMicronics range of offerings 
includes feasibility studies, process development and 
optimization – from prototype production to series 
production – and especially the process of laser direct 
structuring (LDS). 

This innovative technology combines electronic and 
mechanical functions in one component. The process 
can be quickly explained. First, shaped parts are 
formed with single-component injection molding from a 
thermoplast provided with additives. Then a laser 
beam inscribes the course of the strip conductors to be 

formed on the plastic. With this laser activation, a 
micro-rough surface forms on which the copper is 
firmly anchored during the subsequent metallization. A 
copper layer up to 10 µm thick builds up in the 
currentless metallization bath. Nickel as a barrier layer 
and a razor-thin gold finish are attached on top of this 
for better solderability. 

Siblings Marlene Weiner and René Weiner are the second 
generation to manage NORWE GmbH. The subsidiary 
NORWE Inc. in the USA, with their brother Peter Weiner 
as manager, serves the market in the USA, Canada and 
Asia. They supply customers with coilformers in 40 
countries worldwide each year. 

Irradiation cross-linking
With irradiation cross-linking, chemical reactions 
are triggered in additivized plastics by beta or 
gamma rays – a cross-linking of molecules. That 
prevents the typical molecular motion with heating. 

The cross-linking takes place with components that 
have already been completed. The effect: the 
plastic can be processed in thermoplastic fashion 
and behaves in an extremely temperature-stable 
manner after cross-linking.

Soldering temperatures up to more than 400 °C 

The basic idea was to modify a suitable base plastic 
through irradiation cross-linking so that the required 
resistance to temperature influences could be 
achieved. 

In the joint pilot project, initially the plastics to be used 
were chosen and the influencing factors of irradiation 
cross-linking on their LDS capability were investigated. 
Plates made of cross-linked and un-cross-linked PTS 
Creamid LDS were produced for removal tests 
according to an exactly defined test matrix and 
provided with conductor structures. Creamid LDS is 
high-temperature polyamide cleared by LPKF and is 
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Koplanarität – ein Qualitätskriterium 

Die Anforderungen an Spulenkörper nehmen bei klei-
neren Baugrößen rasant zu. Insbesondere bei den 
SMD- bzw. Oberflächen-montierbaren Bauteilen stellt 
die sogenannte Koplanarität ein entscheidendes Quali-
tätskriterium dar: Ein ungleichmäßiger Abstand der 
Lötkontakte zur Leiterplatte beeinträchtigt das 
Lötergebnis. Das Einpressen der Drahtkontakte ist ein 
mechanischer Vorgang, der bei nicht sachgerechter 
Ausführung Risse  in dünnwandigen Spulenkörpern 
verursachen kann. 

Diese Begrenztheit innerhalb der mechanischen Be-
stückung (kritische Lötergebnisse, schwieriges Positi-
onieren der Kontakte) bei immer kleiner werdenden 
Wickelgütern, veranlasste NORWE, nach innovativen 
Technologien zu suchen. So wurde das Unternehmen 
im Jahr 2011 auf das Verfahren der Laser-Direkt-
strukturierung (LDS) der LPKF Laser & Electronics AG 
aufmerksam und nahm Kontakt mit dem Produktions-
dienstleister LaserMicronics auf.  

Ein weiterer Entwicklungsaspekt liegt in der angestreb-
ten Lötfähigkeit der Bauteile bis über 400 °C. Die viel-
fach verwendeten und gut für die Produktion geeigne-
ten flüssigkristallinen Polymere (LCP) haben den 
Nachteil, dass sie sich für den hier geforderten Hoch-
temperaturbereich nicht eignen. 

Koplanarität 
Koplanarität ist ein Fachbegriff aus der Geometrie. 
Mehrere Punkte werden als koplanar bezeichnet, 
wenn sie in einer Ebene liegen.  

Für Spulenkörper bedeutet dies, dass alle An-
schlüsse für eine sichere Verlötung plan liegen. 

Neue Produkteigenschaften durch Teamwork 

Die NORWE GmbH, die LaserMicronics GmbH und 
der Spezialist für strahlenvernetzbare Hochleistungs-
polyamide PTS Plastic-Technologie-Service im west-
fränkischen Adelshofen starteten schließlich ein ge-
meinsames Pilotprojekt. LaserMicronics, mit Standor-
ten in Garbsen und Fürth, ist auf die Mikromaterialbe-
arbeitung mit dem Laser spezialisiert. Das Angebots-
spektrum von LaserMicronics umfasst Machbarkeits-
studien, Prozessentwicklung und -optimierung sowie 
Auftragsproduktion – von der Prototypen- bis zur Se-
rienfertigung – und vor allem das Verfahren der Laser-
Direktstrukturierung (LDS). 

Diese innovative Technologie kombiniert elektronische 
und mechanische Funktionen in einem Bauteil. Der 
Prozess ist schnell erklärt: Zuerst entstehen Formteile 

im Einkomponenten-Spritzguss aus einem mit Additi-
ven versehenem Thermoplast. Anschließend schreibt 
ein Laserstrahl den Verlauf der späteren Leiterbahnen 
auf den Kunststoff. Bei dieser Laseraktivierung bildet 
sich eine mikroraue Oberfläche, auf der sich das Kup-
fer während der  nachfolgenden Metallisierung haftfest 
verankert. In dem stromlosen Metallisierungsbad baut 
sich eine bis zu 10 µm starke Cu-Schicht auf. Darüber 
werden Nickel als Sperrschicht und ein hauchdünnes 
Gold-Finish für eine bessere Lötbarkeit aufgebracht. 

 
Die Geschwister Marlene Weiner und René Weiner leiten 
die NORWE GmbH in zweiter Generation. Das Tochterun-
ternehmen NORWE Inc. in USA, mit dem Bruder Peter 
Weiner als Geschäftsführer betreut den Markt in USA, 
Kanada und Asien. Sie beliefern Kunden in 40 Ländern 
weltweit jedes Jahr mit Spulenkörpern. 

Strahlenvernetzung  

Bei der Strahlenvernetzung werden durch Beta- 
oder Gamma-Strahlen chemische Reaktionen in 
additiverten Kunststoffen ausgelöst – eine Vernet-
zung der Moleküle. Das verhindert die typische Mo-
lekülbewegung bei einer Erwärmung.  

Die Vernetzung findet bei fertig produzierten Bau-
teilen statt. Der Effekt: Der Kunststoff kann 
thermoplastisch bearbeitet werden und verhält sich 
nach der Vernetzung extrem temperaturstabil. 

Löttemperaturen bis über 400°C  

Die Grundidee bestand darin, einen gut geeigneten 
Basis-Kunststoff durch Strahlenvernetzung so zu modi-
fizieren, dass die benötigte Widerstandsfähigkeit ge-
gen Temperatureinflüsse erzielt wird. 

Im gemeinsamen Pilotprojekt wurden zunächst die zu 
verwendenden Kunststoffe gewählt und die Einfluss-
faktoren der Strahlenvernetzung auf ihre LDS-
Fähigkeit untersucht. Nach einer genau definierten 
Versuchsmatrix wurden Platten aus vernetztem und 
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