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The miniaturization of devices and the increase of operating frequencies are two important issues for communication system development. This requires a high degree of integration, higher performance and lower cost. Isolator is an important non-reciprocal passive component for source protection. In most cases, the non-reciprocal effect is based on field displacement phenomenon induced by a magnetized ferrite material. In this paper we propose a new design of a coplanar isolator based on field displacement, composed of a non symmetrical coplanar transmission line, made from a ferrite layer and ground plane below.

Simulations were performed using HFSS software. Measurements were made on a first 1000 µm-thick YIG film sample giving 1 dB of insertion losses and 17 dB isolation and on a second sample made from a 150 µm-thick YIG ferrite sample giving an insertion loss lower than 2 dB. Interesting applications of this isolator structure are considered.

Introduction

Considerable advances have been made towards miniaturization and performance optimization of existing structures that can be used in electronic integration RF sys-tems. Isolators, among non-reciprocal components, are useful for applications in RF frequency circuits [START_REF] Capraro | Feasibility of a self biased coplanar isolator with barium ferrite films[END_REF] [START_REF]Exploration of the integration of passive coplanar isolator based on thin magnetic films[END_REF]. The ferrite properties in microwave range are used to create non-reciprocal propagation. The first isolators were made from waveguide loaded by a ferrite slab, but their size made them incompatible with integration. These devices are only used for high power . Other types of isolators based on field displacement phenomenon in microstrip technology [START_REF] Hines | Reciprocal and nonreciprocal modes of propagation in ferrite stripline and microstrip devices[END_REF] can be used in small size and low power circuits. The first coplanar isolator was proposed by Wen [START_REF] Wen | Coplanar waveguide: A surface strip transmission line suitable for nonreciprocal gyromagnetic device application[END_REF]. In the latter work, the non-reciprocal effect was based on the gyromagnetic resonance, and even if a high isolation seemed to have been reached, insertion loss was still too high. In this paper, a novel ferrite coplanar isolator based on field displacement combined to magnetostatic waves is presented. Two isolator samples were made from two ferrite thicknesses. The first one uses a 1000 µm-thick ferrite substrate, the second, a 150 µm-thick ferrite layer deposited on an alumina substrate. Some special characteristics of this coplanar isolator study are presented with the aim to reach specifications recommended for RF industrial RF components. Many parameters, size and geometrical parameters, physical properties of the ferrite layer..., have to be found to optimize the component performance. This article aimed at showing the feasibility of a small coplanar isolator fabrication using ferrite films. The manufacturing process was developed in LT2C laboratory.

Numerical Study

The choice of magnetic material has focused on the YIG due to its very good properties in microwave range ( magnetic loss, high resistivity...). Therefore, this is material widely used in X-band for non-reciprocal components. The ferrite is supposed to be saturated and the internal bias field to be uniform. In this analysis, the permeability tensor for a soft saturated ferrite is given by [START_REF] Polder | On the theory of ferromagnetic resonance[END_REF]: where ω 0 = γH i is the gyromagnetic resonance frequency, ω m = γM s and αω = γ ∆H 2 (ω is the angular frequency, H i is the magnetic bias field (internal field), and γ is the gyromagnetic ratio). High frequency elec-tromagnetic simulations were made using HFSS software (Finite Elements Method). The real and imaginary parts of the permeability tensor are shown in figure 1 for a 139 kA/m saturation magnetization and a 0.05 damping factor . Figure 1 shows the theoretical curve of µ and κ versus frequency for a fixed applied field (223 kA/m) . In the resonance frequency band, losses are high, so the component should not work in this frequency range. Moreover, coplanar transmission line (or coplanar waveguide CPW) can produce a non-reciprocal effect which has been already studied [START_REF] Borburgh | The behaviour of guided mode on ferritefilled microstrip line with the magnetization perpendicular to the ground plane[END_REF], [START_REF] Bayard | Electromagnetic study of a ferrite coplanar isolator suitable for integration[END_REF]. The process of making and the interconnections between coplanar structures can make easier. The proposed isolator structure is shown in figure 2. It is made up of an asymmetrical transmission line on a ferrite substrate and a ground plane located under the ferrite layer on the side of the asymmetrical slot. When the ferrite is polarized along Z-axis, the electromagnetic field moves to one side of the line according to the propagation direction. Moreover, in this configuration, magnetostatic waves can appear and can absorb the microwave signal.
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The isolator is made up of two matched ports (50 Ω). The signal line and the non symmetrical grounds are placed in the same level on the 150 µm-thick YIG layer (hf). This magnetic layer is put on a 635 µm-thick alumina substrate (hal). The absorber or the lower non-connected ground plane is located between the ferrite and the dielectric substrate (see Figure 2). On the other hand, first samples were made using a YIG substrate (Figure 2(b)).

As previously shown, the signal line and the non symmetrical ground plane of the CPW are placed on the same plane on the YIG substrate (1000 µm thick(hf)). The absorber or the lower non-connected ground plane is located under the ferrite substrate.

Simulation results

The dimensions of the asymmetrical coplanar waveguide (ACPW) (figure 3) allow to keep a quasi-TEM propagation mode [START_REF] Heinrich | Quasi-tem description of mmic coplanar lines including conductor-loss effects[END_REF], [START_REF] Kitazawa | Quasi-static characteristics of asymmetrical and coupled coplanar-type transmission lines[END_REF]: The asymmetric coplanar waveguide is clearly appears close to 8.3 GHz. Isolation reaches more than 20 dB while the insertion losses remain lower than 2 dB. However, small effects exist in the higher frequency band (close to 9 -10 GHz). This non-reciprocal effect requires the presence of the low ground plane on one side but disappears when it is removed. This effect is not due to gyromagnetic resonance but seems be created by magneto static waves that are not properly taken into account by the software. As a matter of fact, the approximation is termed "magnetostatic" wave because the ∇ × h = 0 condition is usually valid in low frequencies, relative to the light frequency, for a given wave number k. The software HFSS is designed to solve electromagnetic and propagation problems using Maxwell equations and Polder model for magnetic materials. In the magnetostatic wave problem, the coupling between electric and magnetic fields is small. That could explained the low accuracy of the software in this configuration. However, better results are ob-tained when the surface of the excitation ports are modified and when the mesh size is increased. Simulation results given in figure 4 were obtained after mesh resizing and with a better port configuration.

Experimental

The 150 µm-thick ferrite layer is obtained by thinning a bulk substrate. Grinding and polishing are made in order to reduce the roughness of the surface. Then, the ferrite film is put on an alumina substrate (635 µm-thick). The thickness of the copper signal Line and the ground planes is around 5 µm. This metal layer is deposited on the YIG ferrite layer using a lift-off process.

The other prototype (Figure 7) is made from a ferrite substrate (1000 µm-thick). Both the substrate sides are polished to reduce the roughness and to make the deposition of the copper signal line and ground planes easier(see picture in Figure 5). Then, these prototypes are characterized by using a vector network analyzer to measure Sparameters. The magnetic bias field is produced by permanent magnets and is applied during the S-parameters measurement.

The S-parameters are given in figure 6. The gyromagnetic resonance appears is the 5.5 -10 GHz band as predicted by simulations and theory [START_REF] Kittel | Introduction to Solid State Physics[END_REF]. We can also observe another absorption peak of about 17 dB at 10.6

GHz in a single propagation direction. So, an important non-reciprocal effect with insertion loss about 1dB and isolation about 17 dB is obtained at this frequency. That special narrow peak corresponds to an isolator behavior with high performance. This phenomenon can be used to design an novel isolator made from an asymmetric coplanar structure . This result seems to be due to the field displacement phenomenon and unidirectional magnetostatic waves that can exist in this configuration. [START_REF] Tsutsami | Characteristics of slot line yittrium iron garnet substrate and its application[END_REF] [START_REF] Tsutsumi | Microstrip lines using yttrium iron garnet film[END_REF]. The frequency bandwidth where ground-guided magnetostatic waves (MSSW) can appear, is given by [START_REF] Vaart | Influence of metal plate on surface magnetostatic modes of magnetic slab[END_REF] :

γ H 0 (H 0 + M s ) ≤ f ≤ γ(H 0 + M s ) (2) 
In our case, the theoretical band is 10.03 ≤ f ≤ 12.82

GHz. The experimental peak inside this band tends to confirm the presence of MSSWs . .
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 34 The following physical parameters are used by the simulation software (HFSS): -Dielectric constant ǫ = 15.Magnetization saturation M s = 1780 Gauss -Ferromagnetic linewidth ∆H = 100 Oe -Dielectric loss tangent tanδ = 2.10 -Applied field (internal field for HFSS): H 0 = 222.816 kA/m ).
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 1 Fig. 1. Ferromagnetic resonance: real and imaginary parts of the elements of the permeability tensor versus frequency (223 kA/m applied field).
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 1 Design of coplanar isolator 1.1. Microstrip line, slot line and coplanar line on a ferrite substrate are usable as microwave transmission lines.
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 2 Fig. 2. Coplanar isolator structure (a) YIG layer on alumina substrate, (b) only YIG substrate
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 3 Fig. 3. Coplanar isolator structure: top view and dimensions
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 4 Fig. 4. Simulation results on YIG substrate structure (1000 µm thick)
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 56 Fig. 5. picture of a prototype
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 7994 Fig. 7. Experimental results on ferrite layer (150 µm thick) prototype