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INTRODUCTION

Future wireless area networks will have to provide higher data throughput than presently available with existing commercial solutions at 2.4 GHz. The european standard HIPERLAN is aimed at providing data rates up to 25 Mb/s per frequency channel in 5 channels around 5.1 GHz, allowing real-time video or other demanding services. Future extensions of the standard are intended to transmit ATM, or further increase data rates or link range [5].

Most applications deal with indoor, although campus/outdoor needs may be  covered by Hiperlan. In any case, the quality of service, cost and practicality of the system and terminals will be crucial aspects to determine the final acceptance of products by customers. The inherent problems posed by radio propagation inside buildings or in heavily built areas require efficient technical solutions to mitigate fading and intersymbol interference. In order to avoid complex and power-consuming equalizers, it has been proposed to use smart antennas to achieve one or another kind of diversity on the user terminal side [1]. Such antennas may also have the additional advantage to increase the link range and/or avoid "dead zones" in the coverage. The challenge then becomes the development of low-cost, moderate size, and efficient such antennas.

In the present work, we describe the architecture and experimental results obtained on a circular array of monopoles for angular diversity. It provides active switching of 6 beams over 360° azimuth, with 60° azimuth width at -3 dB. The spatial filtering achieved by directionality of the main lobe indeed has the effect to reduce channel dispersion, through the proper angular selection of the incoming echos. During operation of the radio link, the antenna is intended to be switched at a high refresh rate, in order to cope with slow or fast channel variations. 

In the antennas considered the beams are slightly tilted in elevation, and their shape has been optimized for indoor WLAN operation. The principle of beam steering rests on mixed switching of both the source signal and of passive reactances, implemented on an underneath feeding circuit [2]. The array on a finite size casing has been designed with full electromagnetic simulation, and the radiation pattern experimentally checked. Feeding by a single connectorized access is supplied on the microstrip circuit, containing active devices for digital control of the beam pointing. This circuit has been designed with the help of both circuit and electromagnetic simulation, including the various transitions to connector and monopoles, to operate at its nominal frequency of 5.1 GHz over more than 100 MHz bandwidth. 

Circular arrays of monopoles

One generic solution investigated in order to achieve electronically controlled angular diversity is based on arrays of monopoles on a finite size ground plane. Such antennas are intended to provide directivity and steering over 360° azimuth, together with only a moderate directivity in elevation. Several topologies of the array are potentially possible, and with each of them the feeding of the monopoles and the array parameters have to be defined. 

In the case of source switching topology, the circular symmetry is broken by connecting some monopoles directly to the emitter/receiver, eventually through a divider/combiner, the others being connected to some value of a pure reactance, or simply short-circuited to the ground plane [2].

The 13 monopoles antenna has been constructed, with a goal to improve the azimuth angular 3 dB lobe width and bring it close to 60°, over a wide elevation spread. For that purpose, the circular Yagi-Uda basic concept has been extended one step further, by adding a new peripheral circular row of monopoles expected to be acted as "directors", and a central monopole to act as a "reflector". 

RF Switching circuit for circular arrays of monopoles

The fully planar perfect symmetrical n-branch circuit operating as a truly n-branch divider is a 3-branch circuit (2-ways divider). Usually, perfect planar n-branch dividers are obtained by a combination of successive 2- ways dividers whose junctions are geometrically and electrically symmetrical. In that case, the number of branches is 2n. In the array case, the number of branches differs from 2n since the feeding circuit is composed of 6 branches. 
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Fig.1 : Sketch of the antenna

(showing the monopole array, the switched and constant reactive loads)
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Fig.2 : Electrical circuit layout topology showing the switching transistors. The arrow stands for the "active" monopoles array radius. A is the feeding point, B and C are stubs intended to provide circular symmetrisation


Principles of design

Instead of bringing the power towards the center of a star [6], the junction is artificially split by building a virtual punctual junction with the help of a cascade of 2-ways dividers, separated by half-wavelength lines. The center of the star is split into three parts (O1, O2, O3) (Fig.2). This unusual approach has been preferred after initial attempts using a 6 way divider, because it lends itself more easily to circular symmetry conservation.

The peripheral monopoles are connected to finite reactances (-j200) while the central one is short-circuited. These fixed impedances have been synthetised by open stubs whose length have been optimised after taking into account the microstrip-monopole transition, directly measured in the whole operation bandwidth. The driven monopoles of the first circle are connected to active reactance loads (-j30), which are synthesized by RF switching transistors terminated by open stubs.

An optimization of all the lines has been performed in order to compensate for the different sources of discontinuities (bends and feeding access). The discontinuity introduced at A has been compensated for through the addition of two small open stubs, at locations B and C, taking into account the asymetry introduced by the feeding access. 

This new star is therefore a rotationally invariant star feeding circuit.

It is important to notice that transistor imperfections have been fully countered by the inclusion of a microstrip inductor, intended to resonate with the drain source (Cdsoff) capacitance. This allows near perfect on-off operation of the transistors at the design frequency, and permits the use off low-cost moderate performance transistors, with a simple transistor per switch. Using multiple transistors as currently done in commercial switches would have resulted in a much more expensive antenna. The only other components are one resistor per transistor, for gate biasing and protection.

The full matching of the antenna structure incorporating the active switching elements in the star circuit has been done by a simple matching circuit using one stub. The 10 dB antenna bandwidth has been simulated for the six combinations. It approaches  100 MHz (Fig.5). It is likely that an appreciably wider band could easily be obtained with a slightly more complex matching circuit. The array antenna by itself has a bandwidth greater than 200 MHz.
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Fig.3 : Simulated 3D radiation pattern for any configuration
(20 dB dynamic range)
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Fig.4 :  A photograph of the assembled monopole array antenna

and the RF circuit with transistors and gate resistors


Experimental results

It is necessary to stress that the switching circuit is an integral part of the feeding circuit, for these monopole arrays. This means that it is impossible to fully characterize the switching part without characterizing the radiating array at the same time. As a consequence, several measurements have been carried out, in order to check the capability of the switching/feeding circuit to excite the monopoles in the proper way, and produce radiation patterns close to (Fig.3).

The return-loss measurements were first performed for the six configurations at the input coaxial port of the antenna circuit feeding (Fig.6). As seen from this figure, the return loss is better than -10dB over the frequency range from 5.049 GHz to 5.151 GHz. There is indeed a good agreement between the measured and computed return loss (Fig.5). This result actually required to take into account quantitatively microstrip to both monopole and connector transitions, through both measurements and full 3D electromagnetic simulations. It is to be stressed that the near similarity of return loss curves for all 6 configurations could be obtained as the result of the circuit design which preserves rotational invariance as much as possible, as previously explained. 
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Fig.5 : Simulated return loss (dB S11) for the 6 configurations
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Fig.6 : Measured return loss (dB S11) for the 6 configurations


Having achieved satisfactory results for  the return loss, radiation pattern measurements were performed at the frequency of 5.1 GHz for the six different configurations. A 3dB azimuthal beamwidth of 60° was optimized and is indeed measured for the six sectors. This can be seen on the simulated conical cuts (Fig.7) at the maximum of radiation in elevation, compared with experiment (Fig.8). Some patterns are slightly worse than simulated for the secondary/back lobes, while some others are slightly better. On the average, there is a satisfactory agreement between the measured and simulated radiation patterns. A still better one is found on the elevation patterns at maximum of radiation in azimuth (Fig.10). 
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	Fig.7 : Conical cut simulated results at max of elevation (5.1 GHz) for any configuration
	Fig.8 : Conical cut measured  results at max of elevation (5.1 GHz) for the six configurations
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	Fig.9 : Elevation simulated results at max of azimuth 

(5.1 GHz) for any configuration
	Fig.10 :  Elevation measured results at max of azimuth 

(5.1 GHz) for the six configurations


REFERENCES

[1]
Information on the ADAMO project is available at: http://www.tcc.thomson-csf.fr/antenna/europe/adamo/, and on HIPERLAN at: http://www.hiperlan.com

[2]
A. Sibille, C. Roblin and G. Poncelet, "Circular switched monopole arrays for beam steering wireless communications", Electron. Lett. 33, 551 (1997)

[3]
B.M. Kolundzija, J.S. Ognjanovic, T.K. Sarkar and R.F. Harrington, "Electromagnetic modeling of composite wire and plate structures", WIPL v. 4.0 software commercially available by the authors.

[4]
HARRINGTON (R.F.). Reactively controlled directive arrays. IEEE Trans. Antennas Propagation. AP-26, 390 (1978)

[5]
SIBILLE (A.), FASSETTA (S.), ROBLIN (C.), CHELOUAH (A.). Beam steering circular arrays for WLANs at 5 and 17GHz. Journées Internationales de Nice sur les Antennes ( JINA- 98), Nice (1998), pp.354-357.

[6]
FASSETTA (S.), SIBILLE (A.),  ROBLIN (C.). Circular antenna array fed by a seven-port star divider. Progress in Electromagnetic Research Symposium (PIERS-98), Juillet 98, Nantes (1998), 1, pp.148.

� EMBED Word.Picture.8  ���






























































[image: image11.emf]_1005038068.doc
[image: image1.bmp][image: image2.bmp][image: image3.bmp][image: image4.bmp][image: image5.bmp][image: image6.bmp][image: image7.bmp][image: image8.bmp][image: image9.bmp][image: image10.bmp][image: image11.bmp][image: image12.bmp][image: image13.bmp][image: image14.bmp][image: image15.bmp][image: image16.bmp][image: image17.bmp][image: image18.bmp][image: image19.bmp][image: image20.bmp][image: image21.bmp][image: image22.bmp][image: image23.bmp][image: image24.bmp][image: image25.bmp][image: image26.bmp][image: image27.bmp][image: image28.bmp][image: image29.bmp][image: image30.bmp][image: image31.bmp][image: image32.bmp][image: image33.bmp][image: image34.bmp][image: image35.bmp][image: image36.bmp][image: image37.bmp][image: image38.bmp][image: image39.bmp][image: image40.bmp][image: image41.bmp][image: image42.bmp][image: image43.bmp][image: image44.bmp][image: image45.bmp][image: image46.bmp][image: image47.bmp][image: image48.bmp][image: image49.bmp][image: image50.bmp]

switched reactive loads 







 jX







1







 jX







1







 jX







1







 jX







1







 jX







1







 jX







2







 jX







2







 jX







2







 jX







2







 jX







2







 jX







2







 jX







2







 constant reactive loads 







 fed monopoles 







6-branch feeding circuit












_1005039906.doc
[image: image1.png]2 BISEH)
1010E+03

?.BISE+)
1010E+03

5.500£+00
1019E+03

7 BBIEHD
1010E+03

5.982E+00
1019E+03

5.357E+00
1010E+03

—
45 Giz FREO 5.6 GHA
45 Giz FREQ 56 Gz
46 Gz FREQ 38 GHC
45 Giz FREO 5.8 Gl
45 Giz FREO 55 CHE
45 Giz FREQ 5.6 GHF
















_1002380095.doc
[image: image1.png]





/2







/2







/2












