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MS, CPW and Fin-line attenuation and dispersion effects on microwave and millimeter wave PBG structure parameters

This paper presents a simple analytical method to describe both effects of linear transmission line losses and, for the first time, frequency dispersion on photonic band-gap (PBG) propagation parameters. Applied to a coplanar waveguide PBG structure, this approach points out the attenuation difference between the two frequently used electrical models : one with fully distributed parameters and one with semi distributed parameters. Moreover, a comparison of the same PBG design with three technologies of transmission lines (CPW, MS and Fin-line) gives very interesting results on the Bragg frequency value and the PBG attenuation.

INTRODUCTION

Recently, the microwave and millimeter wave domains have shown a great interest in photonic band-gap (PBG) structures. PBG are periodical structures enhancing passbands and stop-bands in the frequency response which are interesting for filters [1]- [START_REF] Sor | Miniature Low-Loss CPW Periodic Structures for Filter Applications[END_REF] or non linear transmission line (NLTL) [START_REF] Duchamp | Comparison of Fully Distributed and Periodically Loaded Nonlinear Transmission Lines[END_REF]- [START_REF] Hollung | A Distributed Heterostructure Barrier Varactor Frequency Triplei[END_REF] designs. PBG can be realized easily with transmission lines periodically loaded with shunt-connected reactive elements (PL-PBG).

The propagation constant and the characteristic impedance of PL-PBG have already been studied [START_REF] Zhu | Guided-wave characteristics of periodic coplanar waveguides with inductive loading-unit-length transmission parameters[END_REF] but no analytical method of losses study is yet available. Two types of electrical losses models are available : distributed ones and lumped ones. For example, coplanar wave-guide (CPW) dielectric (a,J and radiative (oL.J Complex propagation parameters of one PL-PBG section (Fig. 1) are obtained from ABCD matrix :

The PBG attenuation, propagation constant and characteristic impedance are defined by : A. Fully Distributed Mudel parameter equations are extracted. Then losses results obtained on a on a CPW periodical structure, from the two models ( a fully distributed one and a semi distributed one) are compared. The last part points out By identification between one PBG section (Fig. 1-a) and the fully distributed parameter model (Fig. I-b), real and imaginary parts of [START_REF] Sor | Miniature Low-Loss CPW Periodic Structures for Filter Applications[END_REF] give these two equations :
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In the case of a loss-less transmission line (aL equal to a, . < + a L . d + a,-,), equation %e @becomes equal to [START_REF] Simons | Coplanar Waveguide Circuits[END_REF].

It still being true if linear losses are small, the fxst order Taylor formula of R, 6) and 3, , 
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The various Bragg frequencies fB,i are obtained from relation [START_REF] Simons | Coplanar Waveguide Circuits[END_REF] when cos(bpBGd) =-I.

We notice that Bragg frequencies are not modified by small losses (no a, dependency).

A lumped approximation of fSl (8) is used to define the section length d.
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The PBG attenuation apBG is given by relation [START_REF] Frankel | Terahertz Attenuation and Dispersion Characteristics of Coplanar Transmission Lines[END_REF]. Two characteristic limits of apBG are pointed out :

At low frequency, PL-PBG losses are equal to linear transmission line losses and at Bragg frequencies, when propagation is forbidden, equivalent PBG losses become infinite.

B. Semi Distributed Model

The second model has the propagation parameter bL distributed (instead of lumped when LC parameters are used) and losses are described by two lumped resistors (Fig. 2). 

C. CPW Model Comparison

In this part, modelling results of an example structure will be given. A CPW transmission line periodically loaded by capacitances, illustrates the differences of these two approachs.

CPW transmission line is printed on a GaAs substrate with Z , = 120 i2 @ 60 GHz (Fig. 3) and capacitance loads C , are chosen to achieve Z , , , G = 50 i2 (15). [START_REF] Simons | Coplanar Waveguide Circuits[END_REF][START_REF] Frankel | Terahertz Attenuation and Dispersion Characteristics of Coplanar Transmission Lines[END_REF][8] models are used to describe CPW losses and frequency dispersion parameters.

,,I tl G = 97 i m 4;' H=400# !E,, -12.9 Fig. 3 CPW geometrical and substrate parameters.

From relation (3) and for loss-less PBG structure, characteristic impedance is only real until the frequency reaches the Bragg value (in pass-hand frequency range). At fE,j ,Z,,,, is null. Then above fBi (in stop-band frequency ranges) Z,,,, becomes purely imaginary.

When the line is lossy, characteristic impedance Z,,,, is a complex value and Z , can be defined by ___ > 0 Vf .
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At low frequency, a large signal equivalent impedance Models give equivalent results until 80% of f8,,.

The frequency varies from 10 GHz to 100 GHz. Fig. 5 compares the PBG attenuation apR& and the real part of characteristic impedance versus the frequency for these two models. We also add CPW attenuation aLv). Near the Bragg frequency f8,, (85 GHz for d = 189 p), the two aP8, models raise quickly (10). Although at low frequencies the semi-lumped model does not reach the expected limit : a,. A fully distributed electrical model has been used to describe each PBG section and the capacitance loads are calculated to achieve Z<-p8, = SO a.

Simulation results shown on Fig. 7 and Fig. 8 point out the effect of linear line dispersion.

It confirms that lumped propagation model (LC model) for Bragg frequency gives an underestimated fa, value. In our example, the fust Bragg frequency of CPW PBG structure, which is a low frequency disperse structure (less than 1% on the frequency range) is equal to 85 GHz instead of 80 GHz given by (8).

For frequency disperse lines, like MS or Fin-line, the PBG attenuation of one PBG section for MS, CPW,

IV. CONCLUSIONS

In this paper, we describe a new and simple method to take into account all losses, including radiative ones, and the frequency parameters dispersion in PL-PBG structures. A fully distributed approach seems the most accurate one and our measures will confirm it soon. Furthermore a really interesting result is drawn out when we compare the transmission line dispersion effects. A PL-PBG based on Fin-line exhibits periodically low losses at fmin and k.f,,.. This result can be used to design, for example, NLTL frequency multipliers in which the pump and generated frequencies are adjusted to reach the minimum attenuation at k.f,,.
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 1 Fig. 1 Periodical loaded structure with fully distributed parameters (a) and an electrical model of one equivalent section (b).
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Fig. 2

 2 Fig. 2 Semi-distributed electrical model of one section As previously, identification of Fig. 1-b, with Fig. 2, in the case of low losses gives two new equations (1 1) for s e @ ) and(12)for3,6):
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Fig. 7

 7 Fig. 7 Real pan of the impedance characteristic of one PBG section for MS, CPW, Fin-line transmission lines.

Fig. 8

 8 Fig.8shows PBG attenuation of one PBG section versus frequency. MS and CPW line have the highest attenuation and still close on all the frequency range.However the most interesting results are about the finline attenuation which exhibits the periodical minimum values at f,,. = 28.5 GHz and at 2 fmk = 57 GHz.

  Fig. 8 Fin-line transmission lines.
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