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Summary(Measurements have been performed on the 38 GHz filter demonstrators realized in microstrip and coplanar waveguide technology on tri-layer dielectric membranes. In particular, a microstrip filter, a CPW filter and a series-stub filter have been experimentally characterized up to 50 GHz by means of an on wafer measurement system composed by a probe station and a HP8510C vector network analyzer. The filtering response is in qualitative agreement with the expected results, as it will be shown in the following figures. The microstrip configuration presented problems related to the technology for the realization (gold adhesion and size of the membrane). Less problems were met with the other two configurations, except for the level of the losses. Actually, the electrical discontinuity in passing from the bulk wafer to the membrane region is individuated as the major source of disagreement between theory and experiment, and it will be the goal for the next future activities of the MEMSWAVE Project.

Measurement System
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Figure 1. Two views of the on-wafer measurement system recently installed at the CNR unit in Roma and used for the measurements presented in this report. A Karl Süss MP5 Probe Station equipped with Picoprobe probes G-S-G for testing coplanar structures up to 50 GHz is connected to a HP8510C Vector Network Analyzer working between 45 MHz and 50 GHz. Wafers from 4” down to 1” can be mounted on a porous chuk controlled by a vacuum pump. The Probe Station is placed onto an Intracel non-vibrating table.

The 38 GHz Microstrip Filter
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Figure 1. Layout of the membrane supported microstrip filter
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Figure 3. EM simulation for the 38 GHz microstrip line filter
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Figure 3. Measured microstrip filter. The shape of the filtering response is in qualitative agreement with the expected one, but the central frequency is shifted. Technology (Au adhesion and size of the membranes) plus the contribution of the edge discontinuity from bulk to membrane are the major responsibles for the disagreement.

The 38 GHz CPW filter
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Figure 4. Layout design for the CPW filter.
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Figure 5. EM responses for the 38 GHz grounded coplanar waveguide filter
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Figure 6. Measured response of the 38 GHz CPW filter. Central frequency and bandwidth are in agreement with the expected results.

38 GHz series stubs band-pass filter
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Figure 7. Layout of the 38 GHz series stubs band-pass filter on SiO2 /Si3N4 /SiO2 membrane.
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Figure 8. Simulated frequency response of the 38 GHz series stubs band-pass filter.
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Figure 9. Measured response for the series-stub filter. Measurements have been performed up to 50 GHz, because of the frequency limitation of the Network Analyzer. Actually, a general agreement is evidenced with respect to the designed structure, looking at the results in the previous Figure 8.

Conclusions

Millimeter wave filter demonstrators realized on tri-layer dielectric membranes on high resistivity silicon wafers have been characterized by an on wafer measurement system.

A general agreement with expected results based on EM simulations has been obtained, with some problems on the microstrip configuration and better results for the coplanar structures. From the design point of view, a more accurate electromagnetic modeling is needed to account for the discontinuity introduced by the edge where the chemical etching allows the passage from the bulk wafer to the membrane. In spite of this problem, which contributes also to the level of the losses, the CPW filters exhibit a good agreement for the central frequency and for the bandwidth with respect to the electromagnetic predictions.
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