Matched Multiple Antenna Combiners

PW East

1. Introduction

Arrays of nominally 50Ω impedance antennas can be combined using quite simple quarter-wave matching transmission-line transformers when operating over narrow to medium RF bandwidths.

Optimal combining occurs where the square-root of the number of antennas N is an integer when just (N quarter-wave transformers at the characteristic impedance are required.

2 Passive Combining of Two Antennas


Figure 1. Combining two 50Ω antennas.
For a quarter-wave transmission line of characteristic impedance Zc with a load, ZL, the input impedace is given by,
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In Figure 1, the 70Ω quarter-wave transformer converts a 50Ω input impedance to 98Ω, two transformers connected in parallel reduce this impedance to 49Ω closely matching the output 50Ω  transmission line requirement.
3.  Three Antennas








Figure 2. Combining Three 50Ω antennas.
In Figure 2, combining the upper two antennas drops the impedance to 25Ω, the 50Ω quarter-wave transformer converts this to 100Ω. The 70Ω quarterwave line converts the bottom antenna 50 Ω  to 98Ω; two transformers connected in parallel reduce this impedance to 49.5Ω closely matching the output 50Ω  transmission line. In practice, to conserve symmetry, it may be better to combine the top and bottom antennas before feeding the 50Ω quarter-wave transformer.

4.  Four Antennas








Figure 3. Combining Four 50Ω antennas.
In Figure 3, combining the upper two antennas drops the impedance to 25Ω, the 50Ω quarter-wave transformer converts this to 100Ω. Similarly for the lower pair of antennas. Paralleling the two 50Ω quarterwave line converts their 100Ω  output impedances to 50Ω, matching the output 50 Ω  transmission line.
5.  Six and Eight Antennas etc:
These factor using previous examples.

6.  Nine Antennas






Figure 4. Combining Nine 50Ω antennas.
In Figure 2, combining groups of three antennas reduces the impedance to 16.7Ω.  The 50Ω quarter-wave transformer converts this to 150Ω. Combining the three quarter-wave transformers reduces the parallel impedance to 50Ω, as required.

6. Q2 Antennas

In the case where the square-root of the number of antennas, N to be combined is an integer, i.e. (N = Q, just Q quarter-wave transformers of the line/antenna characteristic impedance R are required.

Since, in combining Q sets of antennas in parallel, the impedance reduces to R/Q. The quarter-wave transformers transform this impedance to R2/(R/Q) and paralleling the Q transformers results in the output impedance. R2/(R/Q)/Q = R, as required.

For example, sixteen antennas require just four quarter-wave transformers to effect matched combination.

7. Conclusions
Some simple cases have been described showing that antenna arrays can be combined, maintaining match using readily available transmission line impedances by means of quarter wave transformers.

It is almost certainly necessary to ensure that the antennas a closely resistively matched to 50Ω line impedance and that all transmission line feeds to the antennas are of equal length. Away from the tuned wavelength, the quarter-wave transformers become non-ideal and reactive but reasonable operation over bandwidths of a few percent is feasible.

A combination pattern can be recognised (see 4, 9 and Q2 antenna sets), for instance the sixteen antenna solution combines antennas in groups of four which are then combined with four 50Ω quarter-wave transformers.
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