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The KIT Research Laboratory develops new assembly and connection techniques for 

highest-frequency electronics. (Photo: Joachim Hebeler, KIT)  

Parking a car with the help of radar sensors already is common-

place. Many other applications of radar technology are obvious, 

such as precise distance and environment sensors for robots 

and machines in the industrial automation sector or high-perfor-

mance transmitters and receivers in telecommunications. Con-

crete application scenarios, however, are highly individual, the 

number of pieces is small, and manufacturing costs are very 

high. This is the point of departure of the new DiFeMiS Research 

Laboratory at Karlsruhe Institute of Technology (KIT). It is to de-

velop print technologies for individual, small, and inexpensive 

high-frequency systems up to the terahertz range (THz). The La-

boratory is funded by the Federal Ministry of Education and Re-

search (BMBF) with about EUR 3.37 million.  

When thinking of electronics, we mostly think of components on a 

green circuit board. But this carrier of electric components is suited 

for circuits working at frequencies far below 100 GHz only. At higher 

frequencies, boards are mainly produced by lithographic processes 

optimized for mass production. For medium batches of up to 10,000 
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products typically produced by small and medium-sized enterprises 

(SME), fabrication of an exposure mask for lithography is too expen-

sive. Latest additive processes and precision printing technology 

might close this gap between individual and mass production.  

“The core component of the planned Research Laboratory is a con-

figurable, micrometer-precise printing platform for future highly flexi-

ble and inexpensive packaging,” says Professor Thomas Zwick, who 

heads KIT’s Institute of Radio Frequency Engineering and Electron-

ics. Packaging or assembly and connection technology refers to all 

microchip-supporting components on a circuit board, from the con-

ducting wire to the antenna. Packaging largely depends on the appli-

cation, as far as the size and orientation of antennas are concerned, 

for instance. Hence, mass-produced off-the-shelf solutions are hardly 

suited. “At very high frequencies up to the terahertz range, radar tech-

nology is suited for many applications, as the high frequency enables 

increased measurement accuracy, higher data transmission rates, 

and further miniaturization.”  

The Research Laboratory at KIT combines systems for additive and 

mask-less deposition and structuring methods in a flexible printing 

platform. Special measurement systems can be applied to determine 

the frequency behavior of components and systems at more than 500 

GHz. To print electric circuits, several methods are available. Here, 

materials with various electric properties are applied as inks. These 

methods are two-dimensional, such ink-jet and aerosol-jet printing, or 

three-dimensional, such as laser lithography. For circuits above a fre-

quency of 100 GHz, resolution has to be increased and complemen-

tary properties have to be combined. The big challenge lies in the 

exact positioning of components. For this purpose, printing processes 

are to be adjusted with micrometer precision, such that optimum col-

laboration of components from different printers is ensured and cir-

cuits are kept as small as possible. 

SME might use digital manufacturing processes for inexpensive as-

sembly and connection techniques at frequencies above 100 GHz in 

order to develop a large number of sensor applications for Industry 

4.0 and robotics. Here, many measurement tasks have to be carried 

out, from simple distance measurements to complex imaging. Thanks 

to their good resolution, high accuracy, small size, and high robust-

ness, high-frequency sensors are particularly suited for this purpose. 

Moreover, emitters and receivers based on high-frequency systems 

might be applied in telecommunications. Digital manufacturing might 

enable customized, integrated, and inexpensive production.  

At KIT’s Research Laboratory, three research groups of Professors 

Thomas Zwick, Ulrich Lemmer, and Christian Koos from the Institute 
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of Radio Frequency Engineering and Electronics, Light Technology 

Institute, and Institute of Photonics and Quantum Electronics are in-

volved in DiFeMiS (German acronym of digital manufacture of THz 

microelectronics systems). The newly established chair of Ahmet 

Cagri Ulusoy at the Institute of Radio Frequency Engineering and 

Electronics is to join the project in the near future. The Laboratory will 

be funded by the Federal Ministry of Education and Research (BMBF) 

under the program “Microelectronics Research Laboratories in Ger-

many” with EUR 3.37 million for a period of three years. Investments 

in most modern devices and facilities are to enable research on top 

international level. The twelve laboratories to be established under 

this program will open up new areas of research for future microelec-

tronics and be used for training young scientists. 

At today’s kick-off event, Thomas Rachel, Parliamentary State Sec-

retary with the BMBF, underscored the importance of the research 

laboratories as an investment in the future. “We want to continue to 

live a self-determined life in a rapidly changing world. For this, Ger-

many and Europe need to have a strong technological basis. The ‘Mi-

croelectronics Research Laboratories in Germany’ provide an essen-

tial contribution. At these laboratories, electronics for the next dec-

ades will be developed to maturity and new ideas and know-how will 

be transferred very quickly to everyday use.”  

Being “The Research University in the Helmholtz Association,“ 

KIT creates and imparts knowledge for the society and the envi-

ronment. It is the objective to make significant contributions to the 

global challenges in the fields of energy, mobility and information. 

For this, about 9,300 employees cooperate in a broad range of dis-

ciplines in natural sciences, engineering sciences, economics, 

and the humanities and social sciences. KIT prepares its 25,100 

students for responsible tasks in society, industry, and science 

by offering research-based study programs. Innovation efforts at 

KIT build a bridge between important scientific findings and their 

application for the benefit of society, economic prosperity, and the 

preservation of our natural basis of life. 

 

This press release is available on the internet at 

http://www.sek.kit.edu/english/press_office.php. 

The photo in the best quality available to us may be downloaded un-

der www.kit.edu or requested by mail to presse@kit.edu or phone +49 

721 608-21105. The photo may be used in the context given above 

exclusively. 
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This year’s anniversary logo recalls the milestones reached by KIT 

and its long tradition in research, teaching, and innovation. On Octo-

ber 1, 2009, KIT was established by the merger of its two predecessor 

institutions: the Polytechnic School and later University of Karlsruhe 

was founded in 1825, the Nuclear Reactor Construction and Opera-

tion Company and later Karlsruhe Research Center in 1956. 

 


