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Publishable project summary

The ULTCC6G-EPac project addressed the critical need for advanced materials and
fabrication technologies to support the development of energy-efficient, sustainable, and
cost-effective 5G and 6G telecommunication devices operating in the K and D bands
(GHz-THz). The project focused on the design, implementation, validation, and
demonstration of Ultra-Low Temperature Co-fired Ceramics (ULTCC) fabricated within the
400-700°C range, enabling the creation of complex multilayer high-frequency packages.

Methodology

The project adopted a comprehensive approach encompassing material development,
characterization, and device prototyping. Key methodologies included, Novel Material
Development: Fraunhofer IKTS developed innovative glass-ceramic compositions
(e.g., SAG728, ZSG424, 7ZSG8470) tailored for ULTCC applications, focusing on
achieving specific dielectric, thermal, and mechanical properties required for high-frequency
operation.

Facile Ceramic Tape Fabrication: The project focused on developing simplified and
scalable ceramic tape casting processes, ensuring manufacturability and cost-
effectiveness. he project aimed for binder burnout to occur at temperatures below 350A°C,
a critical factor for energy efficiency and preventing damage to the ceramic materials.
nsuring the tapes maintained their integrity and properties throughout the subsequent
multilayer ceramic (MLC) production process was paramount. Specific glass-ceramic
compositions, including SAG728, ZSG424, and ZSG8470, were subjected to rigorous
testing. This involved a minimum of 3-6 batch productions for each composition, followed
by thorough post-processing characterization to validate their suitability for high-frequency
applications. Advanced Characterization: L-IMiF and QWED employed advanced
characterization techniques to analyze the microwave, millimeter-wave and THz dielectric
properties of the developed LTCC and ULTCC materials. This included precise
measurements of permittivity, loss tangent, and Temperature coefficient of resonant
frequency and relative permittiivty. Multilayer Package Design and Prototyping: CEA Leti,
QWED and INOVEOS designed and prototyped advanced multilayer ULTCC packages,
incorporating the developed materials and addressing the specific requirements of 6G
devices. LTCC and ULTCC based K band and D band devices for checking the fabrication
feasibility of the developed LTCC and ULTCC materials.
Industrial Validation and Testing: The prototypes were subjected to rigorous testing in
industrial environments (QWED and INOVEOS) to validate their performance and
reliability, ensuring compliance with RoHS and REACH regulations (IKTS, CEA_Leti and
L-IMiF).

The project successfully developed and characterized novel ULTCC materials with
optimized properties for high-frequency applications. Specifically:
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e New glass ceramic compositions were developed with tailored dielectric properties
suitable for K and D band applications.

e Facile ceramic tape fabrication processes were optimized, enabling the production of
high-quality tapes for multilayer structures.

e Detailed characterization of the materials' microwave and millimeter-wave properties
provided critical data for device design.

e Functional multilayer ULTCC packages were successfully prototyped and validated
in industrial settings, demonstrating their potential for 6G device integration.

The ULTCC6G-EPac project demonstrated the feasibility of utilizing ultra-low temperature
co-fired ceramics for the fabrication of advanced multilayer packages for next-generation
telecommunication devices. The developed materials and fabrication processes offer
significant advantages in terms of energy efficiency, sustainability, and cost-effectiveness.
The project's outcomes pave the way for the development of high-performance 5G and 6G
devices, contributing to the advancement of information and communication technologies.
The successful integration of material development, characterization, and industrial
validation highlights the importance of collaborative research in driving technological
innovation in the field of advanced ceramics for telecommunications.



