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The implementation of passive RF functions is usually done by means of coplanar waveguides at mm-wave fre quencies. We propose original solutions for improving their reliability, by integrating the parasitic mode filters as dielectric bridges through a 3D integration approach. Furthermore, original compensating methods are propo sed in order to control the cut-off frequencies induced by the bounding networks.

The 3D hybrid approach can also be efficiently used so as to accommodate the association between active, passive and radiating components. The 3D-CPW techno logy is therefore completed with Thin Film MicroStrip configurations (TFMS), while composite ceramic/foam architectures become thinkable for radiating arrays.

I. Introduction II. Emerging integration techniques for mm-wave applications III. 3D integration techniques for improving the unipla nar technology IV. Hybrid integration: Benefits of a 3D approach V. Conclusion

I. INTRODUCTION

Wideband and multimedia services contribute today to the development of millimetre-wave applications regarding required data bit rates and point to multipoint distribution constraints. The maturity of the technology at such fre quencies still remains a critical issue for the manufacturers. They need to deliver to private and public users, commer cial systems at reduced cost and with multiple possibilities.

In this way, significant efforts are provided to improve and accommodate new integration technologies for both the operators delivering new competitive services with res pect to the cable (Local Access Network, Wireless Local Loop, ... ), and the customers (interactivity, voo., ... ).

The integration reproducibility and reliability become one of the key parameters, as well as the problem of compatibility between the sub-modules constituting the RF front-ends of such wireless equipments.

In this paper, we focus on original technological solu tions which can be proposed in order to meet the pre vious described requirements.
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II. EMERGING INTEGRATION TECHNIQUES FOR MM-WAVE APPLICATIONS

In the past few years, the intensive development of mm-wave applications has significantly contributed to the evolution of integration technologies and techniques.

The waveguide solution is certainly the best approach in terms of electrical performances (losses), but brings also drastic constraints regarding compatibility (in parti cular with active MMICs), size, and as a consequence cost. For these reasons, the traditional machined copper struc tures have been replaced by plastic injected or molded waveguides [I]. This is a significant contribution for the reduction of cost and weight, with the condition that spe cific metallisation procedures are used (loss considera tions), but also for design flexibility (complex geometrical shapes available).

For instance, such an approach has been efficiently used for implementing high performance filters, diplexers and antenna arrays [START_REF] Meinel | Commercial applications of millimeter waves: History, present status, and future trends[END_REF] . Also, the reliability with active mm-wave components induces the use of res trictive transitions and interconnecting structures for according volume (waveguide) and printed MMIC (Mono lithic Microwave Integrated Circuits) technologies. For such reasons, the crw technology has been considered for a long time as the only solution for developing mm wave integrated functions, with reasonable tolerances in terms of cost, performances and reliability. Indeed, in comparison with microstrip architectures, the proposed one brings interesting properties, especially about design flexibilities (according to the additional design variables) and losses, the electric and magnetic fields being concen trated at the dielectric-air interface instead of within the dispersive dielectric substrate.

The major drawbacks of this emerging technology lie in the control of the fundamental parasitic dispersive modes rejection by means of filtering air-bridges, as well as microstrip or parallel plate modes potentially genera ted when a metallic packaging is used.

Such constraints have motivated the numerous efforts of MMIC designers for developing integrated air bridges (for reproducibility and modelisation reasons) [3]. This way, the achievable reduced dimensions (crw slot widths) are considered for reducing backward radiations in expectation of packaging incidences.

On the other hand, the MMIC technology is really dedicated to component mass-production. The actual trend followed by designers is rather oriented towards hybrid technologies for meeting cost, reconfigurability and other drastic requirements specifically imposed by emerging mm-wave markets. In addition, RF filters and antennas can not reasonably be implemented on GaAs or InP semi-conductor substrates for size and cost motiva tions, as well as for efficiency reasons.

The achievement of hybrid technology for mm-wave wireless services appears today as a real opportunity, provided that interconnections with active MMICs can be optimised and electrically well controlled. Furthermore, hybrid technologies are based upon various technological configurations depending on the process and materials involved. This allows one to improve the performances of hybrid systems and sub-systems as original and opti mal combination of integrated functions can be manufac tured along several methods.

Two fundamental questions have to be answered: -Which processes (materials, procedure, .. . ) can be used simultaneously, depending on the basic func tions to be associated and integrated? -How these processes can be combined to lead to an universal hybrid integration procedure for mm wave products?

III. 30 INTEGRATION TECHNIQUES FOR IMPROVING THE UNIPLANAR

TECHNOLOGY

Many studies have shown that the coplanar wave guide can be considered as a good alternative to micros trip lines in the millimeter frequency range [START_REF] Houdart | Coplanar lines: application to broadband micro wave integrated circuits[END_REF] (high integration level, interconnection facilities, direct ground connections, great flexibility for circuit design). Howe ver, there is one major drawback in dealing with coplanar designs: The parasitic and strongly dispersive coupled slotline mode may be excited by non-symmetrical copla nar waveguide-discontinuities, such as bends or T-junc tions for example. The suppression of such perturbing modes is achieved by the insertion of bridges over the centre conductor that enforce identical potential values between lateral ground planes.

Generally, bridges in microwave-integrated-circuits (MIC'S) are implemented by thin metallic wires (<I> "" 17 µm), which are bonded to the ground planes as shown on figure 1. However, such an operation induces numerous problems in reproducibility and positioning, which deteriorate the circuit performances. Moreover, the mechanical resistance of such bridges does not gua rantee circuit reliability.

In this paper, we present how these problems can be overcome by using a new multi-layer approach for bridge integration. However, dielectric bridges appear as strong discontinuities on coplanar circuits, and must be compensated. Thus, we propose a way to reduce the parasitic influence of the bridges by locally tuning the dimensions of both the bridges and associated compen sating lines.

Thick-film multilayer technology for dielectric bridges

The basic idea consists in using a protective dielec tric layer for interconnecting ground planes by means of a thin conductive printed strip. MMtcs solutions have been proposed in the literature, leading to suspended bounding strips as mentioned on figure 2. Unfortunately, this can not be used in MIC technology, because of etching possibilities that are presently available. Pont dielectrique integre en technologie multicouche.

To overcome such limitations and insure a better mechanical resistance, well-known multilayer hybrid technologies (MHIC) can be employed for implementing dielectric bridges on MICS. Indeed, in accordance with the significant progress accomplished by dielectric ink manufacturers, it becomes thinkable to use standard pro cess, like the Thick Film technology, for realising inte grated mode filtering structures among uniplanar guides. As illustrated in figure 3, dielectric layers can be locally or globally laid down over a first conductive level. Via holes are made in this dielectric layer, to ensure electrical connections between the two lower ground planes and the bridge structure. The second conductive level is directly screen-printed and etched on the upper side of the dielectric layer.

At mm-wave frequencies, photo-printed dielectric materials (HERAEUS ink KQ 110 [START_REF] Barnwell | High performance material technologies for advanced circuit assemblies and MCMs" -Microelectronics In ternational Jo urnal of ISHM Europe[END_REF] ) are employed to ensure punctual interconnections between the different layers by means of miniature via holes (diameter: 40-50 µm). Notes that laser drilling can also be considered to achieve smaller diameters (#10 µm). This requires a tunable ligthwave equipment (excimer laser) for selec ting the materials to be drilled.

The proposed thick film process enables us to obtain robust integrated bridges and eliminate potential pro blems due to positioning and reproducibility. In addition, this process provides an easy control of bridge dimen sions and shape.

Parasitic influences of the dielectric bridges

Due to the reduced height of the dielectric layers (typically between 10 µrn and 20 µm, for the MIC process used), an additional and significant capacitive parasitic coupling effect is introduced between the inner conduc tor of the coplanar waveguide and the upper short-circui ted strip. Obviously, the characteristic impedance and the effective permittivity are significantly modified in the bridge region. In this study, bridges are modelled by equivalent cascaded transmission lines, taking into account the modified electrical parameters of the local multi-layer structure.

Figure 4 shows the influence of the dielectric layer (B) and of the dielectric bridge (C) on the electrical para meters of a 50-Q coplanar waveguide (A). It should be noted that this type of dielectric bridge presents a sharp discontinuity for the coplanar waveguide. Fortunately, the overall length of a dielectric bridge is usually small, i.e. about 50 µm. As a result, the influence of one single bridge on the transmitted RF signal remains negligible below 40 GHz.

However, practical uniplanar designs require a large number of bridges. This results in an accumulation of parasitic effects on the coplanar circuit and, conse quently, deteriorates the electrical responses. .
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ill.3. Compensating dielectric bridges

Specific procedures must be found for minimising the distortion due to the low characteristic impedance nearby the bridge discontinuity.

The basic idea is to associate high characteristic impedance sections on each side of the bridge, to com pensate its low characteristic impedance and recover pro per matching conditions [START_REF] Koster | Investigations on air bridges used for MMICS in coplanar waveguide technique[END_REF][START_REF] Stephan | Integration of various types of compensated die lectric bridges for mm coplanar applications[END_REF][START_REF] Rrus | Theoretical and Experimental Study of Various Types of Com pensated Dielectric Bridges for Millimeter-Wave Coplanar Applications[END_REF]. This is achieved by reducing, in an appropriate way, both the width of the inner conductor under the bridge and the distance (D) it extends each side (Fig 6).

The complete structure can now be considered as a low-pass filter (L-C-L equivalent model for A-type com pensation) for which the cut-off frequency is related to the parameter D. The dual compensating network can be implemented in a similar way leading to the B-type com pensation solution (Fig. 6). The main advantage of this type of structures lies in the reduction of technological constraints: it does not require neither very narrow strips and an accurate positioning of the bridge. Mode/es equivalents des pants compensis.

Compensated 50-Q transmission lines: experiment

Various dielectric bridge configurations, with and without compensation networks on 50-Q coplanar wave guides, can be designed. The length of each dielectric bridge determines the cut-off frequency of the bridge and, therefore, the return loss level within the operating bandwidth.

"On wafer" measurements have been carried out on compensated 50-Q transmission lines, over the 1 GHz to 50 GHz frequency band. Both types of compensation yield acceptable results with return loss levels better than 24 dB at 40 GHz (see Fig. 7). The compensation tech nique does not introduce significant additional losses (<0,7 dB up to 40GHz). IOOµm coupled slotline-mode on a coplanar structure, especially at high frequencies. Therefore, preliminary measure ments were first carried out on Te-and cross-junctions to verify the integrated bridges efficiency in suppressing the above unwanted mode. All tested circuits, built on an alumina substrate (Er = 9.6, thickness = 635 µm), have 60-µm long bridges. Despite lumped electrical L-C models are usually used [START_REF] Koster | Investigations on air bridges used for MMICS in coplanar waveguide technique[END_REF][START_REF] Rrus | Theoretical and Experimental Study of Various Types of Com pensated Dielectric Bridges for Millimeter-Wave Coplanar Applications[END_REF], we have implemented distributed models based upon cascaded transmission lines (bend-junction: see Fig. 8). The electrical parameters (Zc, £reff) per unit length of the lines are calculated with a static finite diffe rence method (2-D analysis). Jonction en croix optimisee: mesures.

nique can be applied to many cases, e.g. for different bridge lengths and for different numbers of bridges, various topologies of resonators are available for a given response.

Application to wideband millimeter-wave band-pass filter

To validate the above compensated bridges concepts, we designed basic microwave functions such as filters that use integrated bridges. A 5-poles CPW band-pass fil ter with a 19-dB return loss, 23-GHz operating band width centred at 31 GHz (# 75% relative bandwidth) was synthetised. First, a standard topology is considered. It consists in symmetrical and asymmetrical short circuited stubs and A,g/4 series inverters.

The characteristic impedances and dimensions of each section of the structure are presented in the table of Figure 10. Corresponding experimental performances (with classical bonding) are also shown. It should be noted that the same strip width (80 µm) is employed for all resonators. Consequently, only the slot widths are modified to reach the desired characteristic impedances. Differences observed between ideal and experimental values (Fig. 10) are mainly due to the fact that junctions were not taken into account in this design model, as well as the air bridges. The first prototype (A) uses 60-µm-long bridges with respect to the central CPW line. The compensation of the prototype (B) was determined in relation with the 100µm bridge located on the central conductor. Experimental results are in agreement in both magnitude and phase with the desired responses.

Moreover, it should be noted that return losses are about 15 dB in the first case and 19 dB in the second case. Insertion losses are around 1 dB at the central fre quency (31 GHz) and the rejection level is correct.

III.4. CPW technology at MM-wave frequencies:

Physical & Electrical limitations Compared to classical uniplanar technology, the main advantage of the multi-layer uniplanar technology is to provide robust and reproducible integrated bridges. Indeed, with this new technology, it becomes possible to control both the shape and the dimensions of bridges. Thus, it is easier to model their parasitic effects in terms of fundamental propagation mode.

Nevertheless, the coplanar technology can not be uni versally used, especially for future wireless systems because of their required operating frequencies and bandwidths. For instance, extremely narrow operating bandwidths have to be respected f o r wireless point to point or point to multi-point mm-wave links. This imposes specific constraints about RF filters for example. One can still consider a CPW implementation by using separating intermediary ground planes. This achieves low coupling levels between adjacent resonant printed structures. Unfortunately, it has some incidence on the overall dimension (additional losses) of such passive functions, and complicates the modelisation process (full-wave model required).

In this way, additional but complementary guiding structures must be developed and considered to imple ment both efficient radiating elements and loss-less non disturbing miniature narrow-band functions.

The previous described 3D CPW technology is this time supposed to ensure the interconnections between different sub-modules constituting the RF front-ends. It behaves like a transparent intelligent interconnecting mother-board, including at the same time biasing networks.

The 3D integration process can be employed once again, to provide the integration of loss-less interconnec ting or filtering structures by means of Thin Film Microstrip Lines (TFMS), or efficient radiating stacked elements by using ceramic/foam composite substrate. Such tech nological orientation is also well-suited for improving reliability with active MMICs.

IV. HYBRID INTEGRATION: BENEFITS OF A 3DAPPROACH

Considering multi-layer configurations appears today as a good compromise for optimising size, and perfor mances on numerous RF. functions. As shown before, this can be used for example for improving the reliability of the CPW technology. Previous works were also reported at microwave frequencies. They emphasised on the great interest of using overlapped Metal-Dielectric-Metal confi gurations, in particular with the microstrip approach. Such an orientation brings a complete design flexibility and has been commonly generalized for bypassing intrinsic limita tions of basic MIC technologies [START_REF] Person | Design of high performance band-pass filters by using a Multi-layer Thick film technology[END_REF].

At mm-wave frequencies, additional constraints rela ted to the operating wavelength may also encourage desi gners to employ 3D architectures:

-The dimensions of the structures become small, then requiring the use of thin substrates (for preven ting substrate surface modes) -Mounting and bonding operations involved with hybrid integrations (to connect active components and passive functions) may introduce non-negligible perturbations. With the generalisation of chip com ponents and Flip-Chip techniques, the mother-board substrate dimensions should absolutely become com patible with regard to MMIC pads and bumps. Accessing to such low-loss thin substrates has been a major preoccupation in the past few years, with regard to compatibility, measurement, and access conditions.

Unfortunately, thin substrates or standard ceramic sub strates are not really appropriate for integrating radiating elements regarding especially radiation efficiency, gain or achievable bandwidth. On the other hand, high coupling levels can be easily achieved through available overlapping possibilities of multileveled architectures. The combination of multi-layer ceramic substrates and low permittivity foam support appears as an optimal composite substrate for such applications. This is discussed in part IV.2.

IV.1. TFMS technology for MM-wave integration: an attractive and complementary transmission line topology

Thin substrates are recommended at high frequencies for microstrip technology to prevent from parasitic sub strate surface modes. Furthermore, in an hybrid integration approach, MMIC active components dedicated to mm-wave applications are characterised by reduced dimensions, especially about external connecting pads. Compatible interconnection techniques must be proposed to minimise electrical associated parasitic effects. The thick-film pro cess can be used for developing Thin Film MicroStrip lines (TFMS) [10] and, as a consequence, 50-Q feeding line widths comparable to MMIC access pad dimensions.

Figure 12 describes the basic corresponding topology based upon a motherboard alumina substrate, with a first conductive layer (assumed as the TFMS ground plane), a thin dielectric sheet (10 to 40 µm) deposited by a screen printing procedure, and an upper etched layer (microtrip conductor).

In the case of a £r = 4. 3/40 µm dielectric sheet, a 50-Q line can be synthesised by means of a very thin strip (W = 75 µm) in accordance with the dielectric thickness and, consequently, with common MMIC pad dimensions. In addition, the W /h ratio is compatible with a proper description of the technological structure using standard CAD tools based upon transmission line analysis, despite very high operating frequencies.

Avoiding tedious electromagnetic simulations consti tutes a significant advantage. Note that this is not the case when dealing with crw complex architectures or oversized microstrip ones (with respect to wavelengths).

IV.1.1. Accessing to TFMS structures [START_REF] Le Nadan | 3D inte grated narrowband filters for millimetre-wave wireless applica tions[END_REF] The reduced dimensions offered by the TFMS technology are well-suited for designing efficient RF-circuits at mm wavelengths. However, accessing to such technological structures can bring some problems in terms of dimension compatibility with standard feeding technologies ( crw and microstrip), electrical behaviour (parasitic effects, band width & frequency limitations) and mechanical tolerances.

Thus, we have developed high performances crw to TFMS transitions, then keeping in mind the advantage of the CPW motherboard concept in the millimeter-wave range. Such a transition is based upon a Ag/4 overlapped coupled lines separated by a thin dielectric sheet which constitutes simultaneously the TFMS substrate. Note that the TFMS ground plane is directly connected to the CPW ground planes and may also be considered as a potential CPW parasitic mode filtering structure (Fig. 13). Transitions tete-heche CPW -TFMS: masques.

Back to back transition

An optimisation procedure was applied to control the IV.1.2. TFMS approach for designing efficient passive functions lower and upper cut-off frequencies of this series capaci tive coupling structure. Additional inductive and capaci tive sections were cascaded each apart from the MIM (Metal-Insulating-Metal) capacitance to lead to a higher order highpass filter. Quite a wide operating bandwidth can be achieved, as mentioned on figure 14 where experimental results are reported for a 40% relative bandwidth transition (for a -17 dB return loss) centred at 41 GHz. Wider band widths can be considered, using the numerous tuning variables, and taking advantage of the wide range of cou pling achievable with the 3D approach. \;

•-700 GHz � 1

•50dB

I

Mlo.975 97 cJ8 l-+-+-.+--1--1---1----l--1---l-_J 11-000 GHz l-+-+--r.+--l--+--1----l---l--l-_J Transitions tete-beche CPW -TFMS: mesures.

Insertion losses of about 0.8-dB only have been regis tered inside the 15-dB return loss bandwidth for a 1 mm long structure. Such transitions appear really as a conve nient solution for improving interconnections between active and passive modules in future millimeter-wave hybrid front-ends.

With the TFMS technology, the strip width becomes fairly small for a wide set of characteristic impedance values. Thus, it becomes therefore negligible with res pect to wavelengths in the 30-100 GHz range. In this case, TEM approximations can be considered, and the design of passive function like filters and couplers can be directly implemented using traditional topologies and synthesis methods (parallel coupled lines filters, Ag/4 resonators, etc .. ). Furthermore, since the substrate thick ness is kept small, quite low coupling levels are achieved with standard Ag/4 coupled resonators, even when the smallest etchable spacing is reached (the odd and even mode impedances of the coupled lines are quite similar (Zoo #Zoe) because of the ground plane proximity) . This is especially attractive for synthesising very narrow-band band-pass filters at mm-wave frequencies. The figure 15 describes a TFMS parallel coupled lines fil ter designed at 41 GHz, and compared with its corres ponding microstrip version on 254-µm alumina substrate. Filtres faible bande TFMS I microruban: masques.

H=254µm

Note that the L/W and LIS ratios (W, L: Width, Length of the resonators, S: Spacing between adjacent resonators) for each resonator allows a transmission-line description with the TFMS solution.

Figure 16 gives some experimental results obtained with the TFMS filter, including CPW to TFMS transitions for probe testing facilities. No tuning operation is required after manufacturing despite the severe requirements. Some fair agreement is obtained between simulation and measurement given the fact that the transmission losses are not accounted for the model. Some specific effort must be provided by both manu facturers and designers for decreasing conductive losses with TFMS topologies with the reduced width and thick ness of the conductors. Another solution, proposed in Filtre passe-bande TFMS : simulations & mesures.

[11] consists in artificially lowering the filter order by using an adequate and original synthesis technique. The CPW to TFMS transition previously described can be consi dered as an overcoupled resonator (overlapped struc ture). It can be introduced within the filter which contributes to reduce its size, losses and technological sensitivity.

IV.1.3. TFMS access for improving compatibility with MMIC's

The achievement of commercial mm-wave MMIC's and chip is a key factor for the emergence of hybrid technolo gies in future applications. The critical dimensions of these new products (typically 200*300 µm -thickness 120 µm) become also critical in an electrical point of view.

The connecting bounding wires usually induce important parasitic effects depending on their length, dia meter and contact quality with pads when using micros trip or CPW technologies. Compatible dimensions between the feeding line network and the MMIC pads are not really respected, as well as the common metallic sup port manufactured for compensating thickness disconti nuities.

The TFMS configuration is undoubtly an attractive solution for accessing to MMICs and chips with lowest perturbation phenomena:

-Dimensions are quite similar between active and passive feeding ports.

-Bounding operations can be made less perturbing by minimizing the number of wires and their length. Since the MMIC is usually mounted on a ground plane, the thin dielectric sheet can be etched, thus ensuring the perfect control of the chip location when reported on the motherboard alumina substrate. In addition, the ground plane continuity is readily obtained, and no additional bounding wires are required for interconnecting MMIC and CPW or microstrip ground planes (see Fig. 17). TFMS structures) will be found in number of applications that involve future mm-wave Flip-chip components. Photo-imageable dielectric materials are of great interest to realise discrete connections between lower shielded printed structures and upper surface-mounted Flip-Chip components.

Figure 18 depicts a beam-lead schottky diode moun ted across a 30 µm width slotline, with a separating 20 µm dielectric layer. The interconnection between the diode pins and the slotline arms is performed through 40-µm via holes. Numerous advantages appear:

-Using 3D technological process, the passive circuit is completely shielded and protected, thus simpli fying mounting -Such an implementation also contributes to sim plify the structure analysis. Indeed, the input impe dance can be extracted at the diode connecting ports, using either Agilent-Mos™ multilayer library or 2.5D Agilent-Momentum™ simulator. Conse quently, the non-linear modelisation can be done on Mos © once the complete passive structure is mode led as a multiport network. This is illustrated in figure 19 for a balanced mixer based upon an annu lar slotline structure [START_REF] Hettack | Practi cal Design of uniplanar broadband sub-systems; application to wideband hybrid magic tee[END_REF] (Fig. 18). 

IV.2. Mixing technologies for efficiency and miniaturization

Cost reduction and miniaturization efforts will be achieved in the future if global synthesis and integration techniques are considered. Hence, the radiating network should be located as close as possible to the RF-front-end modules. In addition, this will also result in improving the c/N ratio as well as the reconfigurability of such a module.

With the selected hybrid integration approach, active and passive functions are integrated on alumina mother board substrate, i.e. high permittivity substrate, for size and sub-modules compatibility requirements. On the other hand, radiating elements must be integrated on low permittivity thick substrates for radiation efficiency and electrical performances (e.g. bandwidth, ... ). The hybrid process should accommodate the above requirements which enforce opposite trends in terms of permittivity values.

Once again, the flexibility brought by the 3D concept leads to new prospects for mm-wave applications:

• Constructing composite Ceramic/Foam substrates by combining press-moulding and screen-printing process on alumina motherboard substrate. •Translating and matching the well-known Mem brane process to standard 3D hybrid techniques.

IV.2.1. Composite Ceramic/Foam substrate for global optimisation procedure [START_REF] Lattard | High performance miniaturized microstrip anten nas on locally non-homogeneous substrates[END_REF] Works on mm-wave antennas are focused today on the used of new well-suited materials, based upon foam (Er= 1. 07) or honey-cell structures which offer excellent performances up to 60 GHz. The metalisation and etching process remain critical procedures. However, few solutions have been recently proposed through press moulding or chemical deposition techniques.

Printed patch arrays have been implemented on such a support, with specific efforts concerning the miniaturi zation of the basic radiating elements (better control of the antenna array response), by dielectric insert tech nique. Difficulties arise when considering the microstrip array feeding network, because of the (Er,h) values of the substrate: (wide strips '"* parasitic coupling "* side lobes .I', cross-polarisation .I').

Therefore, stacked structures and aperture coupled antenna arrays are used rather than planar configurations, emphasising once again on the benefit of 3D approaches. The figure 20-a Antenne plaques sur un substrat composite.

made on foam substrate fed by a non-resonant slotline located in the ground plane. This slot is excited through a CPW structure made on alumina substrate to obtain effi cient coupling. At mm-wave frequencies, the 3D passive and active functions described before can be directly combined wi th such antenna arrays on foam material, through the com mon ceramic mother-board substrate and an intermediate slotline feeding network. Such technique has been vali dated up to 20 GHz only (see fig. 20-b [START_REF] Le Nadan (th | Optimization and miniaturization of a filter/antenna multi-func tion module using a composite ceramic-foam substrate[END_REF]), but the concept can be easily extended to mm-waves. This origi nal association is obviously a good compromise for com bining efficiency and miniaturization criteria in a global integration approach. Notes that specific synthesis tech niques have been proposed in order to introduce techno logical constraints during the design task (global synthesis). This leads to increase the bandwidth of the radiating patch.

IV.2.2. Membrane technology as an alternative solution

The other opportunity, initially proposed by [START_REF] Rebeiz | Monolithic Millimeter-Wave Tw o-Dimensional Horn Imaging Arrays[END_REF], and considered by numerous authors consists in dev eloping membrane antennas. The thin film membrane having a permittivity close to the one of the air, radiation efficiency is increased. In addition, optimal coupling bet ween guided and radiating modes is obtained, which yields wi deband high effi ci ency antenna arrays.

Interconnecting such a technology with standard ones has been a great challenge during the last few years. Various possibilities are now considered [START_REF] Perrot | Proposed design solutions for low-cost flip-chip membrane devices for mm-wave applications[END_REF] , by using electromagnetic coupling (comparable to the method mentioned above) or suited mounting techniques. A 4*4 aperture fed membrane antenna array designed at 40 GHz is proposed on figure 21. Each basic radiating patch is designed on a membrane section (for radiating effi ciency), while the microstrip feeding network is imple mented on a backside substrate for which the ground plane acts as a shielding plane. The excitation of the dif ferent elements is therefore made easier through the slot apertures, while parasitic coupling are properly rejected, each antenna being located on an electromagnetic shiel ded cavity.

Ultra-low cost membrane structures on copper sup port, processed as Flip-Chip components, and reported on an alumina motherboard substrate were reported in a second time [18]. This is illustrated on figure 22 in the case of a membrane 50-Q line mounted on an alumina motherboard substrate with CPW access, through minia ture bumps (50 µm diameter). This way, one can easily combine 3D functions which are integrated on alumina substrate with mem brane modules. These are used for critical sections like antennas or narrow-band filters for which the membrane characteristics should be efficiently selected (losses, radiation effi ciency, .. . ).

V. CONCLUSION

The main objective of this paper was to demonstrate that hybrid integration techniques appear really today as attractive solutions for developing low-cost high effi ciency mm-wave modules and sub-systems, especially when 3D integration techniques are considered.

On one hand, the reliability of the CPW technology, which can be assumed as the reference technology at such frequencies, can be really improved by implemen ting integrated di electric bridges for parasitic modes sup pression. Original compensation techniques can be used for controlling the corresponding operating bandwidth.

On the other hand, the uniplanar approach can not be considered as an universal response for integrating any mm-wave functions, with any requirements. Using the hybrid ori entation, interconnections between basic func tions or elements remain sensitive operations, as well as the development of high performances passive devices (narrow-band filters, antennas network, ... ). The fl.exibi-Iity of the 3D integration techniques was therefore inves tigated, by using various available technological architec tures, leading to original structures with improved performances with respected to standard approaches. Some efforts remain to be done concerning the mounting techniques, especially the flip-chip ones. However, the actual evolution of both the chemical industry (for delivering high performance dielectric or conductive inks) and the electromagnetic simulators should help designers to find optimal integrated hybrid 3D modules. These will remain competitive with regard to MMIC approaches up to 80 GHz [19].
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 9 Figure9describes the behaviour of a cross-junction once all parasitic effects has been properly described and compensated. The measured resonant frequency is equal to 30.4 GHz (30 GHz predicted). According to these results, it thus becomes possible to accurately design a resonator at a fixed frequency. As the compensation tech-
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 11 Figure 11 deals with the same filter theoretical cha racteristics as above, but implemented this time in a multi-layer technology. This allows the implicit integra tion of compensated dielectric bridges. Equivalent distri buted scheme of bridges and junctions are included in the design model. Each discontinuity can now be perfectly controlled and matched.
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  FIG. 11. -Experimental and theoretical results of compensated multilayer coplanar band-pass filters. Resultats theoriques et experimentaux pour des filtres passe bande multicouches compenses.

FIG. 12 .

 12 FIG. 12. -Transverse geometry of the TFMS topology. Description transverse de la configuration TFMS.
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FIG. 13 .

 13 FIG. 13. -Design of a Back to Back CPW to TFMS transition.

FIG. 14 .

 14 FIG. 14. -Back to back CPW to TFMS transitions: experiment.

FIG. 15 .

 15 FIG. 15. -TFMS I microstrip layouts of a narrow-band filter.

FtG. 16 .

 16 ro-t .. . l Gll.1. I---!.. II _,__,__ --- -TFMS bandpass filter: simulation & measurement.

FIG. 17 .

 17 FIG. 17. -Interconnection between MMIC & TFMS technology. Interconnexion entre les technologies MMIC & TFMS.
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 9 FIG. 18. -Beam-lead Schottky diode across a slotline ring. Diode de Schottky a conducteurs poutres montee sur anneau a fente.
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  FIG. 19. -Non linear analysis of a 3D CPW mixer: Procedure. Analyse non-lineaire d'un melangeur coplanaire 3D: Demarche.

  FIG. 20. -Patch antenna on a composite substrate.
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 1 FIG. 21. -Aperture fed membrane antenna array at 40 GHz. Antenne en reseau a technologie de membranes avec alimentation par fe ntes a 40 GHz.

  FtG. 22. -Membrane Microstrip line mounted on an alumina motherboard.Ligne microruban sur membrane montie sur une carte mere en alumine.