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43-foot verticals have become popular as they can be self supporting, are not too 

obtrusive, and have higher radiation resistance than many popular trapped- or loaded 

verticals on the market.  And this increased radiation resistance minimizes efficiency-

robbing ground losses, especially when you have an electrically short antenna ï a 

characteristic of even a 43-foot antenna on 160- and 80-meters.  When fed with a 1:4 

unun, a 43-foot antenna has a reasonable compromise SWR on 60-10 meters, meaning 

that cable- and unun-losses are pretty much negligible on these bands.  However, this 

antenna is really not a good performer on 160- and 80- meters unless you provide 

matching right at the antenna because of the high capacitive reactance and low radiation 

resistance of this antenna on these bands.  This 160- and 80-meter mismatch is so bad 

that it is almost impossible to match from your shack if you are using low loss coax.  And 

if you can match the antenna system from your shack, you will throw away power in your 

coax and unun due to the very bad antenna mismatch.  Therefore, I started experimenting 

with matching networks and wound up with three external impedance matching devices 

which will  significantly eliminate SWR-related coax and unun mismatch losses, and 

ñhelp outò inside tuners on 160- and 80- meters. 

 

The Matching Requirement 

According to my AIM4170C analyzer, my 43-foot vertical antenna has a capacitive 

reactance of about 580 ohms on 160 meters.  This will vary based on the particular 

construction of your 43-foot vertical, its proximity to other objects, etc.  However the 

antenna reactance will almost certainly be in the 550-650 ohm range, requiring ~50uHy 

of inductance to resonate the antenna.  On 80-meters, ~9uHy of inductance is needed to 

resonate the antenna.   

 

Simple Toroid-Inductor Matching Solution 

This first compact design handles low duty cycle CW and SSB at up to full legal-limit on 

160- and 80-meters.  Refer to the schematic of Figure 1.      
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Figure 1:  160/80 Meter Impedance Matching Network 
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Of the three different matching solutions presented here, this is the easiest and least 

expensive to build.  Photo A is an internal view of the assembly, and Table 1 lists the 

parts necessary. 

 

 
Photo A:  T400A-2 160/80 meter matching unit 

 

Table 1:  160/80 Meter Toroid Impedance Matching Assembly 

QTY Description    Source/Part Number  Price ea. 

1 6x6x4ò electrical junction box Lowes/Home Depot  $12.00 

1 T400A-2 Powdered Iron Toroid Amidon T400A-2  $30.00 

1 SO-239 connector   Mouser 601-25-7350  $1.33  

4 Black binding post   Mouser 164-R126B-EX $2.87 

1 Red binding post   Mouser 164-R126R-EX $2.87 

4 Banana plug    Mouser 174-R802-EX  $1.08 

1 roll 3M #27 glass tape   ACE Hardware  $14.00 

Miscl  15-feet 14-gauge solid copper house wire, stainless steel hardware 

 

The inductor consists of 35-37 turns of #14 solid copper insulated house wire wound on a 

T400A-2 toroid core.  Tap the feed two turns from the ground end for 80-meters, and 

three turns from the ground end for 160 meters.  160- or 80-meter operation is selected by 

external jumpers across binding posts as shown in Photos B and C.  Because of the high 

voltages possible (especially with 1500 watts on 160 meters), wrap the toroid with two 

layers of 3M #27 glass-cloth electrical tape for added insulation between the #14 wire 

and the toroid core.  Begin by winding 37 turns total on the toroid (15-feet).  Later you 



will remove turns to tune the 160 meter resonant frequency.  Prepare the toroid inductor 

by scraping the insulation off the outside 2
nd

-4th and 10
th
-13

th
 wire turns.  Then mount 

the toroid inductor in the 6òx6òx4ò junction box with a 2òx4ò piece of un-plated 

fiberglass pc board material and a 2.5ò #10 screw and associated hardware.  Solder #14 

insulated wires from the 2
nd

 and 3
rd

 turn tap points on the coil to the two outer binding 

posts by the SO-239 connector (these input tap points are fairly non-critical).  Then 

solder a short wire from the SO-239 center pin to the middle binding post.  Stainless steel 

#8 hardware (screws, washers, lockwashers, nuts) are used for the ground and RF output 

terminals.  As you can see in Photo A, I used a 2ò wide strip of aluminum duct repair tape 

as a good low impedance ground between the UHF connector and the #8 ground screw 

on the bottom of the case. #14 stranded insulated wire is used for all internal connections. 

 

   
Photo B:  160/80 Meter Input Tap Point Photo C:  80 Meter Coil Shorting Posts 

 

Tuning the Matching Network to Resonance 

You must tune the resonant frequency of the matching network due to variations in your 

antenna based on its physical construction, proximity to other objects, actual length, and 

your desired operating frequency range.  With 37 turns on the toroid, resonance will be at 

or below the lower 160 meter band edge.  So first externally jumper the middle binding 

post to the 160 meter binding post (3
rd

 turn tap).  Connect the matching assembly to the 

base of your 43-foot vertical and determine the minimum SWR frequency with your 

antenna analyzer.  Remove upper wire turns to raise the resonant frequency (~50kHz 

upward frequency shift per turn of wire removed).  Now enable 80 meters by externally 

jumpering the input tap middle binding post to the 80-meter binding post (2
nd

 turn).  Use 

a clip lead to short from the top of the coil to about turn number 12 and see where your 

minimum SWR frequency occurs.  Move the tap point up or down until your resonance 

point (lowest SWR) is where you want it.  Solder a wire from this tap point to one of the 

rear binding posts, and solder another wire from the top of the coil to the other rear 

binding post.  Now external jumpers will permit selection of 160- or 80-meters.   

 

My final test results for 160- and 80-meters are shown in the two graphs below as 

measured with my RigExperts AA-200 connected directly to the matching network input 

at the base of the antenna.  As a CW operator, I favor resonance in the lower part of these 

bands.  The 2:1 SWR bandwidth on 160 meters is about 50kHz, and about 150 kHz on 80 



meters.  However even a 3:1 SWR on these bands results in negligible SWR-related cable 

losses and is easily matched with my MFJ-998 in-shack tuner.   

 

       
Simple Matching Unit 160M SWR  Simple Matching Unit 80M SWR 

 

Operation 

To use the matching unit, just connect it to the base of the antenna in place of the normal 

unun when you want to operate on 160- or 80-meters.  Select either 160- or 80-meters 

with the external straps.  You can connect both the original unun and this matching unit 

to the antenna at the same time, but leave off the ground wire from the unit that is not 

used.  Photo D shows the matching unit connected to the base of my 43-foot vertical.  

Please note that the toroid core will heat-up as a function of AC flux density, power level 

and frequency (see www.dl5swb.de/html/mini_ring_core_calculator.htm). Under the 

worst-case application (160 meters and 1500 watts), only low duty-cycle modes like CW 

and SSB should be used.   

 

 
Photo D:  Matching unit at the base of the authorôs 43-foot antenna (strapped for 80 m) 

 

Remote-Switched Matching Solutions 

The previous unit is effective and inexpensive, but it is inconvenient as you must connect 

it when needed, and manually enable 160- or 80-meter operation using straps.  The next 

two matching assemblies are completely remote-controllable for operation on all bands. 

 

First ï A Word About RF Voltages 

The next two matching assemblies use relays for selecting the different bands, so a 

discussion of RF voltages is appropriate.  RF voltages at the base of an un-tuned vertical 

http://www.dl5swb.de/html/mini_ring_core_calculator.htm


can be quite high.  As the antenna becomes shorter, the capacitive reactance becomes 

higher and so the resultant voltage drop across the resulting impedance increases.  With 

the 43-foot vertical, the worst situation occurs on 160 meters where the capacitive 

reactance is ~600 Ý and the radiation resistance is ~3Ý.  Letôs look at a few examples: 

 

1) Assuming no ground loss and 1500 watts of power properly matched to the antenna, 

all power will be absorbed by the 3-ohm radiation resistance.  Since Pwr = I
2
R: 

 

I = ã(1500/3) = 22.4 amps rms.  |Z| = ã(3
2
 + 600

2
) = 600 

 

So, Vrms = 22.4 x 600 = 13,440 

 Vpk = 19,007 volts 

 

2) Very few hams have a lossless ground system.  Even 10 ohms of ground loss is better 

than most hams have, especially on 160 meters.  However, for this next exercise we 

will assume a ground loss of 10 ohms, which means we will be matching our power 

into a total ground-plus-radiation resistance of 13 ohms.  Therefore, 

 

I = ã(1500/13) = 10.74 amps rms.  |Z| = ã(13
2
 + 600

2
) = 600.1 

 

So, Vrms = 10.74 x 600.1 = 6,445. 

 Vpk = 9,115 volts 

 

3) In my case, I have a 600 watt ALS-600 amplifier.  Assuming 10 ohms ground loss: 

 

I = ã(600/13) = 6.8 amps rms.   

 

So, Vrms = 6.8 x 600.1 = 4,081. 

 Vpk = 5,770 volts 

 

I experimented with two different relays:  The Array Solutions RF-10 DPDT and the RF-

3PDT-15 3PDT relays.  The RF-10 has 1.7KV peak contact-to-contact and 3.1KV peak 

contact-to-coil voltage break down ratings which is a good solution for up to about 500 

watts on 160 meters when the two sets of contacts are put in series.  The RF-3PDT-15 has 

3.1KV peak contact-to-contact and 5.3KV peak contact-to-coil voltage breakdown 

ratings.  Besides twice the contact breakdown rating as the RF-10, this relay has an 

additional set of contacts that can be put in series to increase the breakdown voltage 

rating.  This relay can be used in a full legal limit application if applied properly in the 

circuit (more on this later).  Depending on your power level and ground losses, the less 

expensive and smaller RF-10 may be all you need.  Make the calculations to determine 

which relay is more appropriate for you. 

 

First Remote-Switchable Matching Solution 

This next matching unit is built into an 8òx8òx4ò electrical junction box and combines 

the toroid inductor of the first design with relay remote switching capability.  Just like the 

1
st
 toroid-matching solution, only low duty cycle modes like CW and SSB should be used 



when operating at full legal limit (1500 watts) on 160 meters.  The design is shown in 

Figure 2 below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The matching unit operates as follows:  With no control voltage applied, the 1:4 unun 

output connects directly to the RF output.  The inductor is disconnected on 60-10 meters 

which preserves the original antenna compromise SWR on these bands.  Applying +12V 

connects the inductor, but shorts turns to resonate the antenna on 80 meters.  When -12V 

is applied, the short across the inductor is removed which resonates the antenna on 160 

meters.  For both 160- and 80-meters, the unun secondary taps into the inductor at the 

200 ohm point giving a proper match to the unun on these bands.  This keeps the unun 

secondary voltage reasonable, and the feedline and unun losses very low as well. 

 

As before, start by wrapping the T400A-2 toroid with two layers of Scotch #27 fiberglass 

tape.  Then wind 37 turns of #14 solid-copper insulated house wire on the toroid.  After 

the inductor is wound, scrape about İò of the insulation from the 3-7
th
 and 10-14

th
 turns.  

A 2.1x5.5mm DC power jack located on the side of the box adjacent to the terminal strip 

provides the relay control voltage inputs of 0V, +12VDC, or -12VDC.  The control input 

MOVs and bypass capacitors are mounted on a 6-terminal strip.  I used a 2ò wide piece of 

aluminum duct repair tape for a common internal ground between the UHF connector, the 

toroid ground end, the terminal strip ground, and the ground screw connection.  Mount 

the toroid, relays, unun, UHF connector, DC power jack and relay control terminal strip 

as shown in Photo E.  Use #4 stainless-steel hardware for the UHF connector and 

terminal strip mounting.  Use #8 stainless-steel hardware for everything else, including 

the antenna and ground terminals.  Apply hot glue to the DC power connector inside the 

box so it stays firmly in place.  The parts list is shown in Table 2.  
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Figure 2:  160/80 Meter Impedance Matching Network 
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Photo E:  Toroid-based 160/80 Meter Remote-Switched Matching Unit 

 

Table 2:  160/80 Meter Toroid Impedance Matching Assembly 

QTY Description    Source/Part Number    Price ea. 

1 8x8x4ò electrical junction box Lowes/Home Depot    $21.00 

1 T400A-2 Powdered Iron Toroid Amidon T400A-2    $30.00 

2 3PDT Power Relay (RY1/2)  Array Solutions RF-3PDT-15   $33.00 

1 SO-239 connector   Mouser 601-25-7350    $1.33  

1 roll 3M #27 glass tape   ACE Hardware    $14.00 

1 1:4 1.5KW unun   MFJ 10-10989D    $29.95 

1 2.1x5.5mm DC Jack   Mouser 163-1060-EX    $0.88 

3 18VDC MOV (MOV1-3)  Mouser 576-V22ZA2P   $0.24 

3 0.10uf capacitor (C1-3)  Mouser 581-SR215C104KAR  $0.17 

1 6-lug terminal strip   Mouser 158-1006    $1.14 

5 Micro-gator clips   Mouser 548-34    $0.48 

5 Test Clips    Mouser 13AC130    $0.48 

1 1.97x1.38x0.8ò plastic box  All Electronics 1551-GBK   $1.65 

1 DPDT Center-Off Switch  All Electronics MTS-12   $1.60 

1 12V 1-amp Wall XFMR  All Electronics DCTX-1218   $6.75 

 

Miscl  15-feet 14-gauge solid copper house wire, stainless steel hardware, PC board 

toroid retainer. 



Relay Connections 

As discussed earlier, the voltage across the coil can be very high on 160 meters so relay 

contacts are series-connected to increase the overall breakdown voltage.  The inductor tap 

points also result in more voltage-above-ground to increase the breakdown voltage.  The 

problem is the contact-to-coil 5.3KV peak breakdown rating.  I observed that while the 

outer SPDT contacts are connected via insulated wires separated from the coil by 0.1-

0.2ò, the center SPDT relay common contacts the coil.  Both the coil and common wires 

are insulated but there is no air-gap separation between them.  This common wire-to-coil 

contact determines the breakdown voltage rating.  To get around this I used the center 

SPDT relay contacts for the lowest potential interfaces as indicated in the schematic. 

 

Unun Discussion 

Since the antenna is unbalanced, a current balun or voltage unun (NOT a voltage balun) 

is used.  A voltage unun should be wired as shown in Figure 3 and Photo F below. 

 

            
Figure 3:  Voltage Unun Wiring        Photo F:  Voltage Unun (MFJ 10-10989D shown) 

 

Switch Control 

I used a 12V 1-amp wall wart to keep the +12V control voltages separate and isolated 

from the regular station voltage.  This eliminates any possibility of shorting the main 

power supply when the control voltage polarity is flipped.  Use a DPDT/Center-Off 

switch for control switching, wired as shown in Figures 4 & 5 below. 

 

 

 

 

 

 

 

 

 

 

Photo G shows my switch mounted in a small plastic box attached to my transceiver 

support shelf.  The un-labeled center-off position is for 60-10 meter operation.  The left 

switch controls other accessories (I have two voltage feeds going to my antenna location). 
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Figure 4:  DC Switch Schematic 
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Photo G:  Relay Switching Unit 

 

Matching Network Tuning 

Like the previous matching networks, you must tune this matching networkôs resonant 

frequency.  During testing use short jumpers for all connections between the coil, relays 

and output starting with the suggested tap points on the schematic.  Apply -12V to enable 

160 meter operation and determine the resonant frequency with your antenna analyzer.  

The starting inductance for 160 meters results in resonance below the lower band edge, 

so remove one turn at a time and re-check until resonance is where you want it (it 

increases ~50kHz/turn removed).  If necessary, move the 160 meter tap point for 

minimum SWR.  Next apply +12V to enable 80-meter operation, select the coil shorting 

point for your desired resonant frequency, and the tap point for best SWR.  Finally 

remove the test clip leads and solder wires between the toroid inductor and relay.   

 

My final tuned results for 160- and 80-meters are shown in the two graphs below as 

measured with my RigExperts AA-200 connected to the matching network at the base of 

the antenna.  Again, the network is resonated in the lower part of these bands. 
 

   
Toroid Remote-Switched 160M SWR      Toroid Remote-Switched 80M SWR 
 

Air-Core Inductor All -Band Matching Solution 

If you operate full legal limit on 160 meters, my final matching design of Figure 6 is 

really the way to go.  The MFJ 404-0669 air-wound coil uses #12 wire instead of the #14 

wire used with the toroids.  So the air-core design and larger gauge wire is more tolerant 

of high duty cycle modes at high power on 160 meters.  However, the finite inductor Q 

does result in inductor power dissipation.  So when operating at 1500 watts on 160 

meters, low duty cycle modes (like CW and SSB) will minimize inductor heating.  An 

example of inductor power dissipation is given below: 

 

The calculated inductor Q = 427, Xl = 534 and Rl (loss resistance) = 1.22 ohms (see 

http://hamwaves.com/antennas/inductance.html - and donôt forget to convert to 

http://hamwaves.com/antennas/inductance.html


millimeters).  All power (1500 watts) is matched into the ground loss (assume 10 ohms), 

inductor loss (1.22 ohms), and radiation resistance (3 ohms).  Therefore: 

 

I = ã[1500/(10+3+1.22)] = 10.27 amps rms 

 

So the power dissipated in the inductor is:  Pd = I
2
R = 10.27

2
x1.22 = 127 watts.  This is 

actually not bad, and is only about 1/6th the calculated dissipation of the toroid inductor 

under the same conditions.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Operation is identical to the previous remote-switched design:  When unpowered the 1:4 

unun connects directly to the antenna preserving the original 60-10 meter compromise 

SWR.  +12V and -12V resonates the antenna on 80- or 160-meters respectively.  And the 

unun secondary taps into the inductor at the 200 ohm point on 80- and 160-meters. 

 

This matching unit is built into an 8òx8òx4ò electrical junction box.  Depending on the 

relay mounting tabs, mount the relays to the bottom of the case as shown, or to the side of 

the case as in the previous toroid remote-switched solution.  The box will not fit the full 

inductor length needed so the coil is cut into two pieces of 61 turns and 12 turns (see 

Photo H).  Use 14-gauge stranded wire for all internal wiring.  The wires attach to the 

coil tap points with MFJ coil clips, as soldering the wires directly to the coil is difficult 

due to the size of the coil wire (#12), and the spacing of the turns.  #8 stainless-steel 

hardware is used for coil mounting and the ground and antenna feed terminals.  Table 3 

lists the parts and part sources, and Photo I shows the final matching unit with all 

components mounted.  Note the terminal strip with the MOVs and bypass capacitors. 
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Figure 6:  160/80 Meter Impedance Matching Network 
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Photo H:  Split inductor mounted  Photo I:  All parts mounted 

 

Table 3:  Air -Core 160 Meter/80 Meter Impedance Matching Assembly with 1:4 Unun 

QTY Description    Source/Part Number    Price ea. 

1 8x8x4ò electrical junction box Lowes/Home Depot    $21.00 

1 2òDx12òL #12 79uHy coil  MFJ 404-0669     $37.95 

2 3PDT Power Relay (RY1/2)  Array Solutions RF-3PDT-15   $33.00 

4 Coil Clips    MFJ 755-4001     $3.00 

1 SO-239 connector   MFJ-7721     $1.49 

1 1:4 1.5KW unun   MFJ 10-10989D    $29.95 

1 2.1x5.5mm DC Jack   Mouser 163-1060-EX    $0.88 

3 18VDC MOV (MOV1-3)  Mouser 576-V22ZA2P   $0.24 

3 0.10uf capacitor (C1-3)  Mouser 581-SR215C104KAR  $0.17 

1 6-lug terminal strip   Mouser 158-1006    $1.14 

5 Micro-gator clips   Mouser 548-34    $0.48 

5 Test Clips    Mouser 13AC130    $0.48 

1 1.97x1.38x0.8ò plastic box  All Electronics 1551-GBK   $1.65 

1 DPDT Center-Off Switch  All Electronics MTS-12   $1.60 

1 12V 1-amp Wall XFMR  All Electronics DCTX-1218   $6.75 

 

Matching Network Resonance 

The starting inductance for 160 meters results in resonance near the lower band edge, so 

short one or more of the upper (short coil) inductor turns to raise the 160 meter resonant 

frequency.  To best do this use short jumpers (use the test-clips and micro-clips called out 

in the parts list) between the relay contacts and coil using the suggested tap points shown 

on the schematic.  Connect the matching assembly to the base of your 43-foot vertical, 

enable 160 meter operation by applying -12VDC, and jumper turns on the 12-turn 

inductor with a short clip-lead to obtain your desired 160 meter resonance point and 

move the 160 meter relay tap point for minimum SWR.  Now permanently short the turns 

on the short coil by soldering a piece of 16-gauge buss wire across these turns.  As you 

can see from my photos, I needed to short six turns on this coil.  Next enable 80-meter 

operation (apply +12V to the relays assembly) and select the coil shorting point for your 

desired resonant frequency and the tap point for best SWR.  Finally remove the test clip 

leads, attach the coil clips, and solder wires between the coil clips and relay.   

 


