160 and 80MeterMatching Networls for your 43foot Vertical
Phil Salag AD5X

43-foot verticals have become popular as they can be self supporting, are not too
obtrusive, and have higher radiation resistance ttiemypopular trappedor loaded

verticak on the market. And this increased radiation resistance minimizes efficiency
robbing ground losses, especially when you have an electrically short ant@nna
characteristic of even a 480t antenna on 16@nd 80meters.When fed with a 1:4

unun, a 43oot antenna has a reasonable compromise SWR-A0 é@etersmeaning

that cableand unuHdosses are pretty much negligibla these bands. However, this
antenna is really not a good performer on-1@ 80 metersunless you provide

matching right athe antennéecause ofite high capacitive reactance and low radiation
resistance othis antenna orthese bandsThis 160 and 8Gmetermismatchis 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 adennamismatch. Therefore, | started experimenting
with matching networks and wound up witireeexternal impedance matching devices
whichwill significantly eliminate SWRelated coaxand unun mismatch losses, and

Ahel p outo i nandfBameterssner s on 160

The Matching Requirement

According to my AIM4170Gnalyzer, my 43oot vertical antenna has a capacitive
reactance of about 580mis on 160 meters. This will vary based on the particular
construction of your 4300t vertical, its proximity to other objects, etc. However the
antennaeactance will almost certainly be in the 580 ohm rangerequiring~50uHy
of inductance to resoteathe antenna. On 8fieters~9uHy of inductancas needed to
resonate the antenna.

SimpleToroid-InductorMatchingSolution
Thisfirst compact desighandles low duty cycleCW and SSBEatup tofull legal-limit on
160- and &-meters. Refer to the sadmatic of Figure 1.
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Figure 1: 16080 Meter Impedance Matching Network



Of the three different matching solutions presented here, this is the easiest and least
expensive to buildPhoto Ais aninternalview of the assembly, and Table 1 lists the
parts necessary.

Photo A: T400A2 16080 meter matching unit

Table 1: 160/80 Meter Toroid Impedance Matching Assembly

QTY Description Source/Part Number Price ea.
1 6x6x40 el ectr i c howesfHome®¢epoto n B12.80
1 T400A-2 Powdered Iron Toroid ~ Amidon T400A2 $30.00
1 S0O-239 comector Mouser 60125-7350 $1.33

4 Black binding post Mouserl64R126BEX $2.87

1 Red binding post Mouserl64R126REX $2.87

4 Banana plug Mouserl74-R802EX $1.08
1roll 3M #27 glass tape ACE Hardware $14.00

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

The inductor consists of 8%/ turns of #14 solid copper insulated housewiound on a
T400A-2 toroid core. Tap the feed two turns from the ground end foné@rs, and
three turns from the ground end for 166ters. 160or 83-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 glassloth eletrical tape for added insulation between the #14 wire
and the toroid coreBegin by wnding 37 turns total on the toroid (f&et). Later you



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

by scraping the insulian off the outside ¥-4th and 18-13" wire turns. Then mount

the toroid inductor in the 60x@aed40 junctio
fibergl ass c board material and a 2.50 #10
insulated wires fronthe 2'“ and 3 turn tap points on the coil to the two outer binding

posts by the S@39 connector (these input tap points are fairly-agtical). Then

solder a short wire from the SZB9 center pin to the middle binding post. Stainless steel

#8 hardwae (screws, washers, lockwashers, nuts) are used for the ground and RF output
terminal s. As you can see in Photo A, | wuse
as a good low impedance ground between the UHF connector and the #8 ground screw

on thebottom of the case. #14 stranded insulated wire is used for all internal connections.
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Photo B: 160/80 Metdnput Tap Point  Photo C: 80 Meter Coil Shomg Posts

Tuning the MatchindNetworkto Resonance

You musttunethe resonant frequency of theatching networklue tovariationsin your
antennaased orits physical construction, proximity to other objedastuallength and

your desired operating frequency ran§®ith 37turns on the toroid:esonance wilbe at

or below the lowef60 meteband edge.Sofirst externally jumper theniddle binding
postto the 160 metebinding pos{(3“ turntap). Connect the matching assembly to the
base of your 43o0t verticalanddeterminghe minimum SWRrequency withyour

antenna analyzeiRemoveuppe wire turnsto raise the resonant frequer(e¥pOkHz
upwardfrequency shifper turn of wire removed Now enable 80 meters byternally
jumpeing the input tap middle binding post to the@@ter binding post(“turn). Use

a clip lead to short frormhe top of the coil to about turn number 12 and see wheire you
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
rearbinding postsard older another wire from the top of the coiltk@ other rear

binding post. Now external jumpewill permit selection of 160r 80-meters.

My final testresults for 160and 80meters are shown in the two graphs below as
measured with my RigExparAA-200 connectedlirectly to the matching network input
at the base of the antenn&s a CW operatod, favor resonance in the lower part of these
bands. The 2:1 SWR bandwidth on 160 meteab@it50kHz, and about 150 kHm 80



meters. However even31 SWR on these bandssults in negligible SWHkelated cable
lossesandis easily matched witmy MFJ998in-shack tuner.
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Operation

To usethe matchinginit, justconnectt to the base of the antenna in place of the normal
ununwhen you wanto operate on 16(r 80meters Select either 16@r 80 meters

with the external strapsyou canconnect both theriginal unun and this matching unit

to the antennat the same timdyutleave off the ground wire from thanit that is not

used Photo D showshe matching unit connected to the base of myo43 vertical.
Please notéhat the toroiccorewill heat-up as a function of AGlux density, power level
and frequencyseewww.dI5swb.de/html/mini_ring_core_calculator.htrwnder the
worstcase applican (160 meters and 1500 waftehly low dutycycle modes like CW
and SSB should be used.
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Photo D: Mth n " unit at the fbtne(slrapped foeB0m@m)ut hor 6s

Renpte-Switched Maching Slutions

The previouaunit is effective and inexpensiveutit is inconvenienasyou must connect
it when needed, and manually enable-1@30B0-meter opeation using strapsThe next
two matching assemiglsarecompletely remot&ontrollablefor operation on all bands.

Firsti A Word AboutRF Voltages
The next twomatching assemigisuse relays for selecting the different barsis
discussion of RF vtdges is appropriate. RF voltages at the base of-tumea vertical
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can be quite high. As the antenna becomes shorter, the capacitive reactance becomes

higher and so the resultant voltage drop acrassdsulting impedandacreases. With

the 43foot vertical, the worst situation ocamwn 160 meters where the capacitive

reactance is600Y a hedradiftion resistanceis3 Y et 6ls | ook at a few e

1) Assumng no ground loss and 1500 watts of power properly matched to the antenna
all power will be absorbed by thedhm radiation resistanc&ince Pwr =9R:

| = &a4(1500ps8ns = | 2% 606) =800 3

So, Vrms = 22.4 x 600 = 13,84
Vpk = 19,00v0lts

2) Very few hams have lasslesground 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 grounglus-radiation resistance of 13 ohms. Therefore,

| = &4(1500/ 13). = |1zf+6BH =6O0ABS r ms

So, Vrms = 10.74 x 600.1 = 6,445
Vpk = 9,115 volts

3) In my case, | have a 600 watt AIBR0 amplifier. Assuming 10 ohms ground loss:
|l = a(600/13) = 6.8 amps r ms

So, Vrms = 6.8 %600.1 = 4,081
Vpk = 5,70 volts

| experimented with two different relay3heArray Solutions RFLO DPDT and te RF
3PDT-15 3PDT relays. The REOhas 1.7KV peak contatb-contact and 3.1KV peak
contactto-coil voltage break down ratingshich isa good solution for up to about 500
watts on 160 meters when the two sets of contacts are put in series. -BRORES has
3.1KV peak contaeto-contact and 5.3KV peak contactcoil voltage breakdown

ratings. Besidegwice the contact breakdown rating as the Rk-this relayhasan
additional set of contacthatcan be put in series to increase the breakdown wltag
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 RED may be all you need. Make the calculatimndetermine
which relay is more appropriate for you.

First RemoteSwitchableMatching Solution

This nextmatchingunii s bui |l't i nto an 80x8ocomldines el ectric
the toroid inductor of the first design witblayremote switching cajdity. Just like the

1% 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 metditse design is shown in

Figure 2below.
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Figure 2 160/80 Meter Impedance Matching Networ

The matching unit aggrates as follows: With no control voltage applied, the 1:4 unun
output connects directly to the RF output. The inductor is disconnectedXihr6éters

which preserves the original antenna compromise SWR on these bands. Applying +12V
connects the indder, but shorts turns to resonate the antenna on 80 meters. \hén

is applied, the short across the inductor is removed which resonates the antenna on 160
meters. For both 16@nd 8Gmeters, the unun secondary taps into the inductor at the

200 ohm pot 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, g&art by wrapping the T40042 toroid with two layers of Scotch #27 fiberglass

tape. Tha wind 37 turns of #14 soldopper insulated house wire on the toroid. After

the inductor is wound, scr a{'andlbld"suns.i © of t h
A 2.1x5.5mm DC power jack locatexh the side of the box adjacent to the termingp str

provides the relay control voltage inputs of 0V, +12VDG;1@VDC. The control input

MOVs and bypass capacitoreanounted on a-terminal strip! used a 20 wi de ¢
aluminum duct repair tape for a common internal ground between the UHF tmonties

toroid ground endhe terminal strip groundnd the ground screw connection. Mount

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

as shown in Photo.EUse #4 stainlessteel hardware for the UHF connecand

terminal strip mounting. Use #8 stainledsel 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. €hparts list is shown in Table 2
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PhotoE: Toroidbased 160/80 Meter Remefsvitched Matching Unit

Table 2 160/80 Meter Toroid Impedance Matching Assembly

OTY Description

1 8x8x40 electric

1 T400A-2 Powderedrbn Toroid
2 3PDT Power Relay (RY1/2)

1 S0O-239 connector

1roll 3M #27 glass tape

1:4 1.5KW unun
2.1x5.5mm O Jack
18vDC MOV (MOV1-3)
0.10uf capacitor (GB)
6-lug terminal strip
Micro-gator clips

Test Clips
1.97x1.38x0.
DPDT CentetOff Switch
12V l-amp Wall XFMR

RPRRPOORWWR R

80

Source/Part Number Price ea.
howesjHonre ©époto n  b$A1x00
Amidon T400A2 $30.00
Array Solutions RBPDT-15 $33.00
Mouser 60125-7350 $1.33
ACE Hardware $14.00
MFJ 1610989D $29.95
Mouser 163106GEX $0.88
Mouser 576V22ZA2P $0.24
Mouser 581SR215C104KAR $0.17
Mouser 1581006 $1.14
Mouser 54834 $0.48
Mouser 13AC130 $0.48

pll Eectronicc1531GBK  $1.65
All Electronics MTS12 $1.60
All Electronics DCTX1218 $6.75

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

toroid retainer.



Relay Connectiao

As discussed earlier, the voltage across the coil can be very high on 160 meters so relay
contacts are serieonnected to increase the overall breakdown voltage. The inductor tap
points alsaesult in more voltagaboveground to increase the breakdown voltage. The
problem is the contad¢b-coil 5.3KV peak breakdown rating. | observed tivhtle the

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

0 . 2he ¢enter SPDT relay common consabe coil. Both the coil and common wires

are insulated but there is no-gap separation between them. This common-teHeDil

contact determines the breakdown voltage rating. To get around this | 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 wissdshown in Figure 3 arithoto Fbelow.

A 2
12 turns #16 bifilar
McMaster

9634T701

200 Ohms|
2% Unbalanced

T240-61

Figure 3: Vdtage Unun Wiring * Photo R/oltage Unun (MFJ 1:00989D shoWh) |

Switch Control

| useda 12V tamp wall warto keep thet12V control voltageseparatend isolated
from theregular statiorvoltage Thiseliminates any possibility of shorting the main
power supply when the control voltage polarity is flipped. Use a DPDT/Céxiter
switch for control switching, wired as shown in Figures 4 & 5 below.

Wallwart+12V In
""""" DPDT Center @@ '

Off Switch

| ! Wallwart ! !
: +12Vin | |
+12V Out +12V Out
Figure 4 DC Switch Schematic Figure 5 Physical Switch Wiring

Photo Gshows my switch mounted in a small piastox attached to my transceiver
support shelf. The ulabeled centeoff position is for 6810 meter operation. The left
switch controls other accessories (I have two voltage feeds going to my antenna location).



Photo G Relay Switching Unit

Matching NetworkTuning

Like the previous matching netwgrkou musttuneths mat c hi megonamtet wor k 6 s

frequency. During testing use short jumpers for all connections between the coll, relays
and output starting with the suggested tap points on the sabepply -12V toenable

160 meter operatioand ctermine the resonant frequency with your antenna analyzer.
The starting inductance for 160 meters resnltesonance below the lower band edge,

SO remove one turn at a time anetheeck until resonands where you want it (it

increasse ~50kHz/turn removed). If necessary, move the 160 meter tap point for
minimum SWR. Nexapply +12V toenable 8@meter operatioyselect the coil shorting
point for your desired resonant frequepagd the tap point fdsest SWR. Finally

remove the test clip leada@solder wires between the toroid inducad relay.

My final tuned results for 16@and 8@meters are shown in the two graphs below as
measured with my RigExperts A200 connectetb the matching networkt the base of
the antenna. Again, the network is resonated in the lower part of these bands.

Sk 135050 kHz Swk 4 600 100 kHz

ah ah

Toroid RemoteSwitched 160M SWR Toroid Reme®avitched 8SOM SWR

Air-Core InductoAll -BandMatching Solution

If you operate full legal limit on 160 eters,my final matching desigof Figure 6 is
really the way to go The MFJ 4040669 airwound coiluses#12 wire instead of the #14
wire used with the torogl So the akcoredesignand larger gauge wiie more tolerant
of high duty cycle modes &aigh power on 160 meterddowever, thdinite inductor Q
does result in inductor power dissipatio® when operating at 1500 watts on 160
metersJow duty cycle modes (like CW and SS®)Il minimize inductor heating An
example oinductorpower dissipabn is given below

The calculated inductor Q = 427, X| = 534 &idloss resistande= 1.22 ohms (see

http://hamwaves.com/antennas/inductance.httiniidd on 6t f or get t o conver
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millimeterg. All power (1500 wattsys matched into the ground loss (assume 10 ohms),

inductor losg1.22 ohm§ and radiation resistan¢® ohmg3. Therefore:

| = &4[ 1500/ (10+3+1.22)]

10. 27

amps

So the power dissipated in the inductor is: P8R== 10.27x1.22 = 127 wattsThis is
actally not bad, and is onlgbout 1/6h the calculatedlissipation othe toroid inductor

under the sam
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Figure 6 160/80 Meter Impedance Matching Networ

Operation is identical to the previous remstatched design When unpowerethe 1:4
unun connectdirectly to thentenngreservinghe original60-10 metercompromise

SWR. +12Vand-12V resonatethe antenna on 8@r 160meters repectively And the
unun secondary taps into timeluctor at the 200 ohm poioh 83 and 166meters

Thismatching uniis builti nt o

a n el&wicalguactiothox. Depending on the

r

relay mounting tabs, mount the relays to the bottom of theasaskown, or to the side of
the case as in the previous toroid rermsatched solution.The box will not fit the full
inductor length needesbthecoil is cutinto two piece®f 61 turns and 12 turr(see
Photo H. Usel4-gauge stranded wirfer all internal wiring. The wiresattachto the
coil tap pointswvith MFJ coil clips assoldeing the wires directly to the coil is difficult
due to the size of the coil wire (#12), and the sgpof the turns. #8 stainlesseel
hardware isised for coil mountig and the ground and antenna feed termingddle 3
lists the pats and part sources, and Phostbws the final matching unit with all

components mounted. Note the terminal strip with the MOVs and bypass capacitors.

ms



Photo H Split inductor mounted Photol: All parts mounted

Table 3 Air-Corel60 Meter/80 Meter Impedance Matching Assembly with 1:4 Unun

QTY Description Source/Part Number Price ea.
1 8 x 8 »eldctrical junction box Lowes/Home Depot $21.00
1 20Dx120L #12 79 MFIZ040669 | $37.95
2 3PDT Power Relay (RY1/2) Array Solutions REBPDT-15 $33.00
4 Coil Clips MFJ 7554001 $3.00
1 S0O-239 connector MFJ-7721 $1.49
1 1:4 1.5KW unun MFJ 1610989D $29.95
1 2.1x5.5mm DC Jack Mouser 1631060EX $0.88
3 18vDC MOV (MOV1-3) Mouser 576V22ZA2P $0.24
3 0.10uf capacitor (GB) Mouser 581SR215C104KAR$0.17
1 6-lug terminal strip Mouser 1581006 $1.14
5 Micro-gator clips Mouser 54834 $0.48
5 Test Clips Mouser 13AC130 $0.48
1 1.97x1.38x0 8 0 p | ast i All ERrdranics 1551GBK  $1.65
1 DPDT CentetOff Switch All Electronics MTS12 $1.60
1 12V l-amp Wall XFMR All Electronics DCTX1218 $6.75

Matching Network Resonance

The starting inductance for 160 metezsuls in resonacenearthe lower band edgso

short one or more of the upper (short coil) inductor ttwnsise thel60 meteresonant
frequency.To best do thisiseshort jumpergusethe tesiclips and micreclips called out

in the parts ligtbetween the relay contactsdacoil using the suggested tap points shown
on the schematic. Connect the matching assembly to the base of yfoot ¥8rtical,

enable 160 meter operation by apply#agVDC, and jumper turns on the-ii&n

inductor with a short clijpeadto obtainyour desired 160 meter resonance paimd

move the 160 meter relay tap pdiot minimum SWR. Now permanently short the turns
on the short coil by soldering a piece ofd#iluge buss wire across these turns. As you
can see from my photos, | needed to shixrturns on this coil. Next enable-&teter
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 clipsh@ solder wires between the coil clips and relay.




