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Purpose of the visit

The major objective of the project was the analgsid design of a Beam-Forming Network
(BFN) using a combination of simple unit cells maafelumped elements. The research
activity is based on the preliminary works on tengsansmission lines by G. Gok, and A.
Grbic in [1]. Beam-forming networks provide the ided phase an amplitude distribution in
antenna arrays. Therefore, BFN are the key elemantlti beam or steering antennas.
Typical examples of BFNs are: Blass [2], Nolen [81, Butler matrices [4], and Rotman
lenses [5]. All these solutions offer beam-scanm@ngnultiple-beam capabilities by selecting
one or several input ports. Classical BFNs arestrassion line based with bulky layouts,
especially at low frequencies. Lumped-element sines could represent very attractive
solutions for applications that require size reaturct

In particular the unit cell proposed (shown in Fiy.can be used as directional coupler with
arbitrary output phase and amplitude distributiamsl as cross-over with arbitrary output
phase distribution. In the following we present thealysis and design of an arbitrary
directional coupler. The same approach may be tmedesigning cross-overs. Finally, the
combination of cross-overs and arbitrary directi@mplers may be used in compact Butler
matrixes.

Description of thework carried out during the visit

1. Network analysis

The configuration of the analyzed unit cell is g®ed in Fig. 1. Using Kirchhoff's voltage
and current laws and considering the network asua port network (see Fig. 1 for port
definition), its Y-matrix representation can beriduas
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wherezy, Z,, Z3, Z4, Zs, Zs are the impedances of the unit cell (see Fig. 1).
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Fig. 1. Schematic of the unit cell proposed.

2. Directional coupler synthesis
The Y-matrix of a directional coupler, represerdsdhe four-port network, is given by
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whereYj is the characteristic admittance of the povts /7). o andp represent the output
amplitudes on the through and coupled ports, résedg; 6 is the output phase of coupled
port when port 1 is excited. The phase of the cadiplort when port 4 is fed is callgdn the
followings. To guarantee the network to be losskeas conditions have to be satisfied: i)
o®+p%= 1, i) 6+¢ = +180P+n36C°, with n = 0, 1 ... Note that the angtehas to be chosen
different ton18® (n=0, 1...).

Equating expressions (1) and (2), six equationsixnunknowns (the components of the
network) can be written. In this way it is possitdeexpress the impedances of the network as
function of the desired output amplitudes and péase
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These results show that the network of Fig. 1 cardésigned to behave as a directional
coupler with generic output phases and amplitudesiging the lossless conditions i) and ii)
are satisfied.

Description of the main results obtained

To verify equations (3), the unit cell of Fig. 1shkheen reproduced and simulated with the
commercial software Agilent Advanced Design Sys{&DS). The realized structure is a
directional coupler, witha =1/V/3, g=2/3, 6=60°, p=120°. The characteristic impedance is
equal for all the ports and it is fixed to §D From equations (3) it is possible to find the
impedances of the structure, and then, fixing {herating frequency, the reactive components
of the network. The values of such componentd)etentral frequendy = 1 GHz, areC; =
18.006 pFL, =5.6270 nHC3 = 18.006 pFl4 = 3.5674 nH|5 = 390.72 nHL¢ = 6.7722 nH.

In Fig. 2 the amplitude of the S-parameters coomdpnt to matchingg; and S;4) and
isolation between the input portS,{) are plotted as a function of frequency. They gnés: -
10dB reflection/isolation bandwidth of about 10%.Rig. 3 the output amplitudes are shown
and compared with the theoretical valuesacind 5. The simulated values, at the central
frequency, correspond exactly to the nominal ofég. output phases are reported in Fig. 4,
and again their values at the central frequencyiraperfect agreement with the theoretical
phasesd for S;3, ¢ for S, and 0 for S, andSys.
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Fig. 2. Matching $;; andS,,) and isolation $,4) for the directional coupler under
analysis.
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Fig. 3. Output amplitudes for the directional clempunder analysis. The red lines
represent the expected valuesi@ndp.
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Fig. 4. Output phases for the directional coupledter analysis. The red lines
represent the theoretical values of the outputgshas

Conclusion

A lumped-element directional coupler with arbitranytput amplitudes and phases has been
presented. Design equations are derived from thepleds Y-matrix representation. A
possible implementation was introduced and the AD&ilations show that the results at the
central frequency correspond to the theoreticasoReflection/isolation bandwidths on the
order of 10% are shown. The application of the oekwas a building block for a Butler
matrix was shown.

Project publications

1. E. Gandini, A. Grbic, M. Ettorre, R. Sauleau,uthped-element unit cell for designing
beam forming networks”, accepted at the internafiamonference '6 European Conference
on Antennas and Propagation ( EUCAP 2012 ) thatbeiheld in Prague on March 280"
2012.
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