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Introduction 
I designed and built a remote antenna switch to easily allow two radios to be connected to any of 
six antenna feeds. The focus is really on making for a very flexible SO2R setup. There are two 
parts to the project. The relay board and enclosure, which will be mounted outdoors, and the 
control circuit and enclosure. 
 
I chose to have the relay board professionally fabricated, because of the requirement for 
impedance control and high isolation of the RF lines. I used a board layout tool to generate the 
gerber files required for this submission. I followed rules based on my experience and the advice 
of others to come up with a layout with pretty good specs. Because I knew I would be 
scrounging around for the “right” control box I chose to bread board and point-to-point wire the 
control box. 

Description 

Controller 
I use a single tower at the moment and have a pair of tri-banders which I phase or run 
individually. I phase them by simply selecting both antennas to be active on a single radio port. 
This played a role in what switches I used in the control box. There is a lot of room for designing 
this part of the project. You could use my circuit, which provides for logic based radio protection. 
My circuit does not allow a radio to steal an antenna, nor does it allow both radios to be 
connected to the same antenna port. It DOES allow two antennas to be connected to one radio 
however. You could choose to simply wire a rotary switch to each port, or a bank of toggle 
switches, with or without any logic at all. It’s up to you. In any case you need to be aware that 
you WILL damage your receiver if you transmit directly into it. 
 

Controller Board 
I wired my controller using a protoboard and point to point wiring. Since there was pretty good 
demand for the project I designed a PC board to make construction easier. While I was at it I 
added band decoding and the option to provide either 12V DC or 18V P-P AC. There is a pretty 
good description of the circuit in the caption of the schematic below. I laid the board out such 
that you can just add the components for the simple version of the controller if you don’t need 
the band decoders. The band decode option includes an option to lockout antenna switching 
while transmitting. If you do not need the PTT controlled lockout you can leave that segment out 
as well. These sections are marked on the PC board. I am hoping it is pretty obvious. I can do a 
detailed write-up if folks have difficulty with it. The board is 4.0” x 6.125” (156mm x 102mm). 
 
The board is laid out as two (three?) independent circuits on the same board: One basic 2x6 
antenna switch controller (Active high Rotary A/B are inputs and active high relay connections 
are outputs) and two band decoders (Active high BAND-A/B BCD inputs and active high 
J15/J16 band decode outputs). By connecting the band decode outputs to the rotary inputs you 
create a computer controlled 2x6 switch.  
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Comments about the board 
1. If building just the simple version, the switches are connected to Rotary A and Rotary B 

using active high logic. 
2. When building the full version, you will need to connect the appropriate J16 and J15 pins 

to the Rotary A and Rotary B pins. J16 and J15 are the band decoder outputs. For 
typical operation (no warc bands) just jumper the pins directly across from each other 
(10m to Rotary A-5, 15m to Rotary A-4, etc). The bands associated with each output 
are shown on the board next to the diode locations. Also read #8 under features. 

3. You can use either the BAND-A/BAND-B (BCD) or the DB25F ports on the board to 
drive the band decoder inputs. They are wired together. The DB25F ports are wired in the 
“standard” fashion. The BAND-A/BAND-B (BCD) ports are provided for convenience 
to get at each binary digit easily. If you connect both a BCD switch and a computer you 
will need to understand exactly what you are doing and consider using diodes to “OR” 
them. 

4. You can hook up both a rotary switch to select antennas and BCD input from a computer 
port. There are diodes to prevent contention. In order for the computer to have complete 
control of the antennas you will need to have a rotary switch position which does not 
select any antennas. If you exclusively use a computer or the BCD inputs you can replace 
the diodes with jumpers, since the diodes are only there to prevent contention between 
the active high rotary switch inputs and the band decoder. 

5. U1 is associated with the PTT lockout feature. You do not need it if you don’t use this 
feature. 

6. If you use 5V to drive the opto-isolators, then you should use 3.3k resistors instead of 10k. 

Quick list of some of the board “features” 
1. I figured out a relatively easy way to provide hot switch protection for the band decoded 

BCD antenna selection. To do this I needed to add two ICs. I am using the preset inputs 
of 4029 counters and the built in inhibit for this. 

2. I also reduced the board to 4.0" x 6.125" and it should now fit it a Ten Tec TG series 
aluminum chassis TG-26 for $9.49 (Spring 2006). 

3. For the folks that just want to use the manual input the board is designed such that you 
can omit the BCD decode parts and use just the simpler input path. The board is pretty 
well marked up. 

4. I put the new schematic, BOM, and parts placement on my web site. An estimated  
parts cost depends entirely on your junk box, but my guess is $30 should  
get you the parts you need (less chassis). I also put together a parts  
list from Mouser.  

5. Protection for hot switching when using the BCD inputs. When PTT is GND then the 
current antenna selections will be held until PTT is deasserted. There is no hot switch 
protection for the manual active high switch inputs. 

6. Only one radio can use an antenna port at a time. No stealing! The  
first radio keeps the antenna until released. 

7. LED indicates when antenna(s) is selected for each radio. 
8. BCD band decoder support. Opto-isolator inputs for each radio port  

using the "standard" W9XT, NA, TRLog format. To wire the six contest  
band just short across from J15/J16 to the corresponding switch  
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connections. You can also "wire OR" bands to one port. For example to  
put a tri-bander on Port5 you can connect the 10, 15, and 20m decoded  
outputs to the port 5 switch position. You can use a BCD decoded rotary  
switch here as well. Optional if using manual switching. 

9. Manual control of ports allowed concurrently with band decode via  
"normal" switch inputs. Manual control is +12V to select. Floating to  
unselect. Rotary, toggle, and latched push button switches work well.  
Using a 7 position rotary will allow for concurrent use with band  
decoder inputs. 

10. Option to mount full wave rectifier and DC regulator on board or use  
+12V DC directly. 

11. Allowance for 200mil pitch eurostyle terminal block relay wiring  
connector. 

12. LED placement along front edge of board on 400mil pitch. 

Relay Board 
The relay board is designed to accept twelve active high (+12V) inputs to select the twelve 
antenna switching relays. I decided to send +12V to each relay rather than ground each one to 
make it easier to shield the board. It made the layout much easier. There is no radio port selection 
logic built on the board. Keep this in mind when choosing how to control the board. I provide the 
option to have unused antennas either open, shorted to ground, or terminated to 50 Ohms. I have 
mine terminated to 50 Ohms in the belief that minimizing reflections on the feed lines on 
unselected ports keeps the interaction from those antennas at a minimum in the switch. If you 
choose to leave the ports open or floating, you can eliminate the six termination relays, all the 
diodes, and the resistors shown in the schematic. The wiring from the control board to the relay 
board remains the same.* (Statement valid for original relay board design. The high isolation 
version requires all 18 relays). The relay board is 10.23” x 6.54”. To save on the cost on the 
prototype boards I used 1oz copper traces which is standard. To ensure 1500W++ capacity I 
added solder or tack a bare wire on top of the RF traces of the board. The bulk order I am placing 
is large enough to make 2oz copper affordable (At this thickness with 2800W keydown into 50 
Ohms the trace heating will be limited to an acceptable 10°C). You may add solder to the RF 
traces as I did anyway if you would like. It doesn’t hurt or change the impedance of the traces. 

Cost 
The total cost for my setup was about $125. The rough breakout is $45 for the relay board, $35 
for the relays, $20 for the relay enclosure, and another $25 for connectors, switch box, etc. I 
scrounged a bunch of stuff for the switch. The big expense is obviously in the relay board, the 
critical element of the system. I have a 300 foot run to the base of my tower and 14 conductor 
cable can be rather expensive! I bought 1000 feet of CAT3 eight conductor cable on the internet 
for $50 shipped. I used two runs of the stuff to the tower. The relays draw very little current, so 
this stuff works great. 
 



KK1L SO2R 2x6 Antenna Switch 

Copyright Ronald Rossi Page 6 

 
Top view of assembled board as measured. 
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Basic Controller Schematic which I built using a protoboard and point to point wiring. 
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Full featured schematic of PC board version of the controller (see text for construction details) 
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Relay Board Schematic 
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Measurements 
I made isolation and insertion SWR measurements on the raw board with an HP8753 Network 
Analyzer. The active ports were terminated in 50 Ohms. The unused ports were left floating. The 
isolation was measured from the far port to each of the other ports. I show the best (near to far) 
and the worst (the two farthest). The SWR chart was done from the radio port to the nearest and 
farthest port. As expected the farthest was the best looking port across the full frequency range. 
The new high isolation design has a worst case port to port isolation of -61.2dB at 30MHz. 
The original design was -37.4dB. 
 
I made later measurements with the board fully egg crated (copper shielding between each port, 
and between the ports and RF trace…pretty extensive). This added 1.2 dB of isolation. SWR was 
essentially unaffected. I removed the crating and installed the board in a metal enclosure. This 
added 0.2 dB of isolation. The switch is in use today with no extra shielding in a metal enclosure 
at the base of my tower. 
 
I used the switch with great success in my 2005 Phone Sweepstakes high power effort. I have no 
external filtering in my SO2R setup at the moment. The cross band interference I experienced 
due to the switch was not noticeable running 1500W. I selected the top tri-bander selected on 
20m and the bottom on either 15m or 10m. With the antennas pointed in the same direction I 
noticed significant interference, which would be expected as the antennas should interact if they 
are to do a good job as a stack. When I pointed the antennas 90 degrees apart the interference 
went below the contest noise floor. I will need to go back and make quantitative in-situ 
measurements, but empirically the switch layout itself appears clean. I am very happy with this 
result. 
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Bottom view of assembled board as measured. 
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Plot 1 -  Coupling Plot: Radio port A on nearest antenna port to radio port B on farthest antenna port. 
Antenna ports terminated in 50 Ohms. This is worst case at 30MHz is -37.4 dB. The new high isolation design 
measures -65.2dB! 
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Plot 2 - Coupling Plot: Radio port A on far antenna port to radio port B on farthest antenna port. Antenna 
ports terminated in 50 Ohms. The value at 30MHz is -36.2dB. The new high isolation design is -61.2dB! 
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Plot 3 - Insertion SWR (loss) for radio port to nearest antenna port. This is the port best suited for low band 
antennas. SWR is 1.5 at 30MHz with 50 Ohm termination. The new high isolation design measures 1.37. 
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Plot 4 - Insertion SWR (loss) for radio port to farthest antenna port. This is the port best suited for high band 
antennas. SWR is 1.08 at 30MHz with 50 Ohm termination. The new high isolation design measures 1.14. 

Construction 

Relay Board 
Here are some shots of the board mounted in an enclosure. It is a simple aluminum chassis with a 
lid that fits much like a shoe box lid. I mounted the SO-239 connectors directly to the chassis. In 
order to do this you I needed to add a spacer between the board and the connector to allow room 
for the diodes and capacitors to clear the chassis. This is not shown in the photos I took. I would 
have to take the unit apart to get a good picture and I am just not willing to do that at this point 
(sorry). 
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I used five three-terminal screw terminals to connect the control wires as shown below. The 
wires come in through grommets in the bottom of the chassis. 
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Controller 
I scrounged around for a suitable switch enclosure and found pretty much what I was looking for 
at a hamfest. It was a Radio Shack video switch. It had a built in power supply, push switches, 
and enough room to add the control logic for the relays.  

  
 
I printed a front panel on a laser printer, cut out for the push buttons and where I wanted the 
LEDs to show. I then adhered a sheet of clear matte finish laminate to it. Double stick tape holds 
it to the plastic face panel of what used to be the video switch. 
 

 

Front view of the front panel before applying the decal. 

Rear view of the front panel. 

2x12 Switch Option 
While I designed a six port switch to suit my current needs there are others who may want to 
select more antennas. By teeing the radio ports together you can expand the antenna capacity. 
There is a small cost however as there will now be a short open stub (about 10” of strip line) at 
the feed point to the radio port of the switch. This will cause about a 1.2:1 VSWR at 30MHz. 
 
This can be done in one chassis by connecting two relay boards face-to-face two male-male tee 
connectors with a female port. When mounted in this manner the A radio port of one board will 
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be connected to the B port of the other and visa versa. All that is required in this case is to wire 
the control signals in reverse on one board. I hope this makes sense. 

 

Images of the finished project 
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Figure 1 - The terminal block I used to connect from the controller to the two runs of CAT3 cable. 

 

Parts Listing 

Mouser Parts List 
The following list includes most of the parts needed to populate both boards. What is NOT 
included are the AZ755-1C-12DE relays, the SO-239 launchers (chassis mount), the relay board 
chassis, and the control board chassis. I also did not include the miscellaneous 100mil SIPs you 
might want to use. It is nearly as easy to just solder directly to the board rather than create 
connectors. It is up to you. 
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The LEDs I chose are designed to mount directly to the PCB and would protrude out the front of 
the chassis. 
 
You should be able to cut/paste this into a file to order directly from Mouser. The total cost 
below is $41.29 plus shipping. You can also visit my website to download the CSV format parts 
list at http://www.intergate.com/~kk1l/kk1l_2x6switch/. 
 
78-4N25                 1       $0.29   $0.29   DIP -6 Hi-Iso Photo 1-Ch  
551-PS2501-4-A          2       $1.13   $2.26   DIP -16 Hi-Iso Photo 4-Ch  
595-CD4028BE            2       $0.41   $0.82   16- Dip BCD-to-Decimal 
595-CD4029BE            2       $0.41   $0.82   16- Dip BCD-to-Decimal 
595-CD4011BE            3       $0.38   $1.14   14- Dip Quad 2-Input 
538-39880-0108          4       $2.63   $10.52  5.0 8MM FIXED 8P 12-26 AWG 
512-KA7812ATU           1       $0.61   $0.61   TO- 220 Positive Voltage Reg 3Terminal, 1a  
512-1N4001              22      $0.05   $1.10   DO- 41 Vr/50V Io/1A T/R  
78-1N914                24      $0.03   $0.72   DO- 35 100 Volt 300mA T/R  
512-2N3906TFR           12      $0.11   $1.32   TO- 92 PNP General Purpose  
78-TLHG4400             1       $0.10   $0.10   T-1  Green Tint Diffused  
78-TLHR4400             12      $0.11   $1.32   T-1  Red Tinted Diffused  
71-CCF07-J-100K         13      $0.05   $0.65   1/4 WATT 100KOHMS 5% Rated to 1/2Watt 
71-CCF07-J-10K          20      $0.05   $1.00   1/4 WATT 10KOHMS 5% Rated to 1/2Watt 
71-CCF07-J-3.3K         8       $0.05   $0.40   1/4 WATT 3.3KOHMS 5% Rated to 1/2Watt 
71-CCF07-J-1K           13      $0.05   $0.65   1/4 WATT 1KOHMS 5% Rated to 1/2Watt 
75-1C25X7R102K050B      8       $0.11   $0.88   20%  50V 0.01uF  
594-K104M15X7RF53H7     21      $0.10   $2.10   0.1 uF 50volts 20% .30LS X7R  
140-HTRL16V100          1       $0.08   $0.08   16V  100uF 105C 
140-XRL100V0.1          1       $0.06   $0.06   100 V 0.1uF 20% 
105-SR2511F-17S         2       $1.83   $3.66   ROT ARY 1POL 7POS Shorting 
152-3425                2       $1.54   $3.08   25C  R/A PCB RECPT 
512-MV67539.MP6         12      $0.42   $5.04   T-1  3/4 T1-3/4 HER PC RT ANG  
512-MV64539.MP6         1       $0.42   $0.42   T-1  3/4 T1-3/4 GRN PC RT ANG  
606-CMP100              13      $0.16   $2.08   T-1  LED MOUNTING CLIP 

Relay Chassis 
I ordered my relay board chassis from Action Electronics. The aluminum box below is a perfect 
fit for the relay board and a good price too. The coding for the part number is 7”x11”x2” with 
cover. I also ordered a few other items from them as I had most of the components already. 
 
http://www.action-electronics.com 
 
Item Ref.   Price ea.   Qty.  Description  
___________________________________________________ ________  
CA-TB-6     $3.46       1     12POS SMALL TERM BLOC K  
 
CD4011      $0.99       3     CMOS IC  
 
LM-7112C    $20.64      1     Box Plain W/Cover  
 
PH-TB133B   $0.65       5     3 Pin PCB Terminal 

Control Chassis 
Ten-Tec makes some very nice chassis’s. The TG series TG-26 for $9.49 could be a good choice. 
I have not built mine in one, but it looks like a good option. The control board is 4.0” x 6.125”. 
You can choose from MANY options and will need to use your imagination. If I end up building 
a second unit (I probably will), then I will update this documentation with the results. 
 
http://enclosures.tentec.com/Standard/TSeries/TG 
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Helpful Comments 
The following are comments copied from emails which you may find helpful. 
 
Jordan, David wrote:  
 
Yeah 2 emails but I already deleted all the stuff  
1.  -36dBm is ok and expected for isolation.  
    1.5KW = +62 dBM, assume FCC min harmonics at -40  
    (note pi-L should be -52 or greater suppression)  
RX damage occurs at +17dBM,  Blocking occurs at +5dBm  
 
So assuming worse case and that you have successful used stubs and filters on you tribanders to reduce the 
harmonics by 36dBM, your worse case Would be 62(1.5kw)-40(FCC harmonic min)-36(switch isolation) = = -
14dBm at the other port. This is a s9+60 signal but well below rx damage if you use a pi-l then 62-52-36 = -26dBM 
or s9 +48 but still above the imd noise floor of a typical rx. This should be sufficient for SO2R.   
 
You need to be careful about using stubs and filters if you plan to split the th6 stack to radio A and B.  To be safe, 
you should aim to keep these levels below +4 dBm.  Your worse case is say Radio A on 20m (tX and Radio B 
(rx)on any other triband frequency.  You will need to reduce all the possible RX receive powers to below +17 but 
below +4 is better.  
 
You will need 45 dB or more in rejection So some combo of rx filters, stubs, and what ever the minimum isolation 
Is between the antennas assume 8dBi gain)but these antennas are not aimed at each other but have some overlap of a 
few dB's say 3dB  
 
Space Loss   =  20 log ( wavelength/ 4�  R)  r=30  
20m assuming 70/40 stack wv=70.3  
=-14dB isolation  
62+3-14+3 = 54dBm  
so you may be able to get away with just 37 dB of filtering in the stubs and bpfs  
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Donald J. Toman wrote: 
 
Ron, 
 
OK. I need to do some basic system engineering here. 
 
What are your system requirements? 
 
Are you contemplating having two radios operating in the same band at the same time? If not, the problem reduces 
to filtering...not switch coupling.  
 
If you are going to operate two radios in the same band at the same time, switch coupling is not likely to be as 
important as direct antenna coupling. 
 
Even though you say you want to establish a 2 x 6 matrix (which would give you the possibility of connecting six 
things two at a time) some of those combinations (a 30-state symmetrical matrix) may never be needed. Some of the 
potential cross-couplings may not be important. For example, while both 160 and 10 M may be on the air at the 
same time, it isn't very likely that 10 will bother 160, and it's almost as likely that 160 won't bother 10. The 160-to-
10 problem is a matter of having a decent bandpass filter on the 10M radio and a reasonable amount of harmonic 
suppression on the 160 transmitter...while the 160 radio needs only a good bandpass filter. Residual capacitances are 
far more significant on 10 meters than they are on 160...There's about a 24 dB difference in capacitive effect 
between those two (16 times in voltage). 
 
The main reason for terminating unused antennas in characteristic impedance is for the case where there is 
considerable coupling between and among antennas. To avoid situations where the open transmission line forms part 
of a resonant structure that can re-radiate, one terminates the unused lines so that cross-coupled energy is absorbed 
rather than made available for re-radiation. Hams seldom do that...but it's a primary reason we see interaction among 
antennas. 
  
Structural cross-coupling (between booms and towers and antennas, for example) can be reduced by detuning 
offending resonant structures. 
 
In my Grenada operations, we sometimes ran six independent stations within a 75 x 150 ft footprint. Of course, we 
never ran a run and mult station on the same band because the direct in-band signals would overwhelm the available 
dynamic range of any receiver we could possibly use. All radios had ICE bandpass filters for the bands in use, and 
that was the #1 factor in reducing inter-station interference. After that, eliminating harmonic interference was 
important...but even then, it only became a factor when we stopped using a monobander on 20M and switched to 
using a tribander. It's much easier to put the tribander up and nobody ever missed the gain difference...but the 
monobander did a good job of suppressing the 10M harmonic all by itself...while the tribander just radiated it. A 
shorted quarter-wave stub on the 10M amplifier took care of the problem. I suppose you could argue that in a 2-
radio situation, the switch isolation on the second harmonic could be important...requiring the stub...but that's about 
the only valid argument for reducing 10M cross leakage...and that's an asymmetrical problem, since 20M doesn't 
care what 10M is doing. 


