




                                                                                                FOI-R--1191--SE

38

4.3.    Increased antenna efficiency

The efficiency of the patch antenna in this application has previously been determined both

experimentally and theoretically to roughly 50 %.  To further improve the sensitivity of the radar

system we need to decrease the losses of the feed antennas.

One approach that is compatible with the used MCM technology would be to manufacture

dielectric resonator antennas (DRAs) on the backside of the Si wafer.  To avoid increased

dielectric losses we need to use a high-resistivity Si wafer.  The DRAs could then be fed using

aperture feeds from the BCB side of the MCM.  By using 2x2 DRA subarrays matched to the

mixer we could simultaneously reduce the mismatch loss, the spillover loss and the ohmic loss in

the feed antennas.  By locating the antennas and the circuits on different sides of the structure we

will also improve the ’purity’ of the antenna diagrams.

A focal-plane array was accordingly designed and simulated using Ansoft HFSS and Agilent

ADS/Libra.  The layout is illustrated in Fig. 4.3.1; blue indicates transmission lines or apertures

and green is the backside Si after etching.  The simulated antenna efficiency (HFSS) is about

70 %, which includes the loss in the 2x2 power distribution network.

Fig. 4.3.1.  Focal-plane array using aperture fed 2x2 DRA subarrays as feeds.
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5.    Summary and conclusions

Compared to an earlier developed radar (4x4 pixels) that used a front-end based on InP HEMT

resistive mixers, the new 4x8 radar uses a new type of GaAs MMIC active gate mixers.  This

have improved the sensitivity such that the average SNR is 3 dB for a target with an rcs of 1m2

measured at a distance of 500 m using a 50 MHz bandwidth.

The sidelobe levels were earlier found acceptable even for the outermost element in the 4x8

array and always < -11 dB.

The IF circuitry was modified by manufacturing the diode detector matching circuitry on a

separate Duroid substrate, which has a more well-defined permittivity than FR4.  In this way the

center frequency of the filter could be made much closer to the design frequency of 1.6 GHz.

However, since the current IF circuitry only allows incoherent detection new IF circuitry is being

designed.  The new design [5] will permit coherent detection and also increase the SFDR of the

system much more than any modifications of the present IF circuitry.
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