GPS Antenna Conversion to LHCP
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There have been several time-nut requests recently regarding a Left-Hand Circularly Polarized (LHCP) GPS antenna.  This interest stems from using a dish antenna for reception of WAAS GPS signals.  Since the sense of the signal changes from RHCP to LHCP after reflection from the dish a LHCP feed is needed.  As it turns out, it is relatively easy to modify a currently manufactured GPS antenna for this purpose.  I made the conversion using the popular ‘Lucent’ GPS antenna, however, this unit is available under Lucent, Andrew, PCTEL, and Maxrad brand names – they all appear to be physically identical.  Photo 1 shows the inside of the antenna with the radome removed.  To remove the cover, remove the six screws from the bottom of the unit and pop the radome off.
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Photo 1 – GPS antenna with radome cover removed.

Once the cover is off you can see that the antenna elements are a quadriflar twisted helix constructed on a mylar flex circuit.  The flex circuit is rolled into a tube and soldered to the main board.  The only connections are the soldered ground connections and the feedpoint connection (marked with an arrow in Photo 2).  If the flex circuit is removed, unrolled, reassembled inside-out, and reattached we have out LHCP antenna.
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 Photo 2 – Feed point for the quadrifiler helix

When removing the helix it helps to have a soldering iron at a high temperature because the ground plane acts as a large heatsink.  However, the flex circuit is quite sensitive to heat so using as little as possible on it is advisable.  While heating the ground connections, the base of the helix can be pushed in to break the solder connection at each joint.  The feed connection should be left for last.  If done carefully the wire can be left in place in the main circuit board and used for re-connection.  The flex circuit pad at the feed connection is particularly sensitive to heat, but if it comes off it is not a major loss as the connection will be made on the other side of the circuit when re-assembled.  After the cylinder is removed (Photo 3) the solder seam at the bottom can be undone and the transparent tape at the top can be removed.  Now the circuit can be laid out flat (Photo 4 and 5).
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Photo 3 – Cylinder removed from base
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Photo 4 – Flex circuit side 1


  Photo 5 – Flex Circuit side 2

Rolling the flex circuit inside-out isn’t particularly hard, however, reattaching it to the ground plane is not easy since the solder connections are now on the inside of the tube.  The trick is to take some small pieces of copper foil and wrap around the bottom edge and end of the flex circuit.  Then solder the foil to the ground foil while the circuit is laid flat.  Then, when the tube is rolled back up (inside-out) there is foil to solder to the ground plane on the outside of the tube.  This takes four very small strips of foil as you want to leave the bottom locating tabs intact and want to avoid the feed connection.  Photos 6 and 7 show the flex circuit after the foil has been added to the bottom.
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Photo 6 – Three foil strips added to the bottom of the flex circuit
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Photo 7 – The three copper foil strips rolled over the bottom of the board

The next step is to re-roll the tube inside-out from its previous configuration.  Transparent tape should be used at the top just as it was done originally on the antenna.  The ground plane seam should be soldered to hold the bottom of the tube in place. I soldered both the inside and added a copper foil strip so that I could solder the outside.  Photo 8 shows the reassembled tube.
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 Photo 8 – Reassembled tube

Next, the tube can be placed on the ground plane using the locating tabs and resoldered.  Make sure that the feed etch is lined up with the feedthru on the ground plane.  I soldered a continuous bead (where possible) to the ground plane instead of tacking it in just a couple places as the original was done.  Photo 9 shows the feed element cylinder after being reattached to the ground plane.
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Photo 9 – Feed reattached

Replace the radome and screws and that is it!  You now have a LHCP antenna.  I would suggest marking it as such with a permanent marker, since performance should now be quite disappointing if used as a regular GPS antenna.

TESTING

I used my modified antenna on an old Hughes Net dish.  I found that by removing the old feed from the dish I could drill one hole in the mounting bracket and attach the new LHCP GPS antenna using one of its mounting holes.  It was very simple.

To test your new GPS dish you can just point it anywhere (except the northern sky, for the northern hemisphere), then run a GPS signal logging program such as Lady Heather (looking at all GPS satellites).  After running for at least 12 hours you should see concentric signal level circles about the bore sight of the antenna.  If you have an offset feed dish you can also get a good idea of the bore site offset by measuring the peak signal elevation from the monitor software plot and measuring the actual dish elevation using an inclinometer.

