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Résumé/Abstract

This paper presents the implementation of freees@aparameter measurement setups in the Ka, W laaudds.
The complex permittivity extraction is performedhaut any specific processing on the S-parameters 26 up
to 330 GHz. The comparison between the measurediandiated four S-parameters (magnitude and plshesys
very good agreement and validates the test berashegll as the calibration procedure.

1 Introduction

Millimeter waves up to THz are increasingly beinged or foreseen in various applications such as 5G
(backhaul), RFID tags to analyze the risks assediatith aging structures, imagingon-destructive contrpl
security), automotive radars, radiometry, ... Ralges of the application, the complex dielectriecnmittivity of
materials is a key parameter in the design andnigdtion of microwave devices and systems. Moreotrer
study of the propagation and the interactions ofegawith the environment also requires a precisavkedge of
these characteristics.

This paper presents the implementation of testsh®nfrom 26 GHz t830 GHz in 3 normalized frequency
bands: Ka, W and J. The measured S-parameter @lectlic material slab are used to extract the mem
permittivity and the validation of the extraction results igied out by the comparison with the four S-paramet
analytical model, in magnitude and phase.

2  Test bench description
The "quasi-optical" test benches allows us to meathe free space S-parameters of a dielectricpbded
between two GOLA (Gaussian Optic Lens Antennaghasvn in Fig. 1 and 2 [1] [2] [3] [4].
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Fig. 1: Quasi-ptical test bench in the J b



Such specific antennas are realized using a hatiadens [1] [2] to obtain a focused or paraxialggan beam
depending on the waist to wavelength ratio.

The higher the ratio, the more paraxial the beameréfore, the waist is the optimal position for fiee space
S-parameter measurement of a device under tesédttie slab, frequencies selective surfaces, pHaretc.)
without filtering and time gating [3] [4].
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Fig. 2 : Gaussian beam focused to obtain the waist
3 Material characterization
The permittivity extraction is carried out using thnalytical model of a dielectric slab whose paréhces

are under normal incidence of a plane wave (se@ Fidielectric slab model). The free space ThréiéReLine
(TRL) technique is used for the setup calibratismlascribed in [3] [4].
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Fig 3 : dielectric slab model

As the slab thickness is measured with a califer, rélative complex permittivity can be extractécach
frequency point only from the measured &d $: parameteranfagnitude and phaséjhe S1and $; coefficients
are used to refine the slab thickness by compahn@agneasured and simulated S-parametef@]3The extraction
result performed in the Ka, W and J bands for 8112 mm Rexolite slab is shown kig 4.
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Fig 4 : Extracted permittivity (real and imaginaparts) of a Rexolite slab



Given the very small change of the permittivity ptlee frequency bands, the mean values with thamdard
deviations are calculated. Some materials haveiénecy-dependent complex permittivity. For such mialie a
linear regression or a Debye modah be fitted [5].

4  Validation results

To validate the permittivity extraction, as welltas S-parameter measurement, we performed theartsop
in magnitude and phase between the simulated aadured S-parameters. As an example, Fig 5 showsshks
obtained using the mean values extracted in thend.bNVe also analyze the linear regression of énmittivity
and if necessary we can extract a model (Debye, ...

Very good agreement is demonstrate without anymieary data processing of the calibrated S-pararset
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Fig 5 : Comparison between measured and simulatear&meters of the Rexolite slab in the J band



5 Current developments
Processes use powders and liquids to make a salidrial. We could be use the same characterization

method to extract the dielectric properties for4sofid materials (powder or liquids) [9} is then possible to
define a database or a model to predict the depieukrty.

Multi-layers materials is be also tested but paintaterials have very low thickness and the methodry
sensitive. As well as S-parameter measurement undielence angle of the beam, we investigated tayér
properties extraction.

The ACC radar operates around 77 GHz. In thesaiémey ranges, rain has high propagation losseshwhic
disturb the operation of the radar. In additiore thinoff of water on a bumper (radome) disruptgrassfer
function. In our laboratory we have made such mesgmseants that we will model in order to integratés th
phenomenon in a radar simulaf6t.

6 Conclusion and perspectives
We present a free spaBeparameter measurement technique in the Ka, WJarahds. Very good results,
repeatability and precision are demonstrate thrahgltomparison with the theoretical model.

The D band setup (110-170 GHz) is also under pe3gfeSS (Frequency Selective Surfaces) and metaahate
can also be measured.
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