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Telecommunication and automotive industry requires high volume and low cost circuit fabrication, while
at the same time demanding excellent electrical performance, reliability, circuit miniaturization and
surface mounting techniques. Today, the multilayer LTCC (Low Temperature Co-fired Ceramics)
technology is getting more attention for millimetre wave applications, and is often chosen because of its
high degree of integration and its high-reliability properties. This technology is being installed in our
laboratory at Telecom Bretagne and the commercial ESL.41110 tape was selected to make our first RF
LTCC circuits. This tape was characterized at ESL (Electro Science Laboratory) from 3 to 19 GHz, and
the substrate properties such as dielectric constant and insertion loss are given in [1].

As this material has not previously been characterized up to millimetre wave frequencies, this paper
presents the extraction of the electrical properties of the ESL41110 material in both K and W bands.
Several methods on the RF characterization exist; in this paper we use two different techniques. At K
band frequencies, we use resonating structures employing ring [2], [3] and T-junction resonators, while
at W band frequencies, we use the free space (or quasi optical) method [4].

The design and fabrication process of test samples is presented in section I, we note that the gold ink also
issued by ESL (ESL803 [5]) is used as conductor metallization in our LTCC system.

The second section describes the material characterization by two-port microstrip resonators (ring and T-
junction resonators) up to 26 GHz; the dielectric properties parameters are then extracted from the
measured S-parameters.

The third section in this paper describes the free space method; Broadband measurement results from 75
to 110 GHz are obtained by using the quasi optical bench. The extracted real part of the complex
permittivity is found to be about 4.2 and the tan 9 is about 0.018 in the 75 — 82 GHz band.
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Fig.1 — Microstrip Fig.2 — Test bench in the W-band Fig.3 — Extracted real part of the complex
resonators on composed of two Gaussian beam horn permittivity from 75 to 82 GHz.

ESL41110 substrate. antennas [4].
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