TUNING STUBS

THE QUEST FOR TUNING STUBS

Wesley Cardone, NS8QM
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WHAT'S A“TUNING STUB', ANYHOW?

Main Line '1'|'|
* An impedance transformer . _ =

T
] lﬁrlﬁl

* Every transmitter output has an impedance, typically 50 + j0 Ohms.
* The coax cable must have a matching impedance.

* The antenna must have a matching impedance.
This never happens but must be fixed.

+ Ways to fix (there are more not listed)
* antenna tuner
* Shorten/lengthen antenna

* Use a tuning stub
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WHAT EXACTLY IS ATUNING STUB

» Up to almost a half wavelength is added (or subtracted) to the existing coax feed line.
* A stub is added somewhere within a (not necessarily THAT) half wavelength

* Stub may be

* Shorted M-EI]II]_JILE' ]T]Tr |
; : 1 =N I|I "|'
B

Connector

> open

Stub

/2 Wavelength
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WHY HAVE A TUNING STUB?

You take your best shot at building or erecting a resonant antenna

Things that could have gone wrong in your build
* Velocity factor of wire or coax was not what you thought
* You cut the wire too short

* Unknown errors preventing it from resonating

Antenna will be used for one band only

* Example: Mag-mount mobile for 2 meters

Fix what an antenna tuner will not fix
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WHERE MOST USEFUL

* Has limitations at wavelengths shorter than likely 100 cm where lengths cannot be cut to a

* Implementations
* By use of ordinary coax
* Has limitations a long wave lengths where machined parts will be too long for practical use.

required precision.
* By use of machined metal bars

Cas
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WHAT YOU WILL NEED TO BUILD ATUNING STUB

* Some PL-259s

* Coax

Use RG-213 or similar with low velocity factor and easy
mechanical features to minimize the elbow grease used.

* A Coax Stripping Tool

* Other assorted tools for maybe
soldering, crimping, etc.
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THE OVERALL PROCESS

Identify the antenna and target frequency it is to resonate at.

Measure the vector impedance of that antenna at the target frequency.

Using SimSmith
* Plot the dot on a Smith Chart representing that vector impedance.

* ldentify 3 or 4 paths to 50 + j0 Ohms (home plate)

|dentify which design is easiest to build.

Build it
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REVIEW: WHAT'S AN ANTENNA, ANYHOW?

* A hunk or two of wires cut to length for a named frequency. I*V— N2 ———
* End-to-end length: a half-wavelength n
¢ Two wires
QVO

* Usually equal length

* Fed at the junction of the two wires . Dipole contre

* What does length do? N T )
* Too short: antenna has capacitive reactance \
* Precisely M/2: reactance is neutral, neither ind nor cap P ! v:df-\\\

* Too long: antenna has inductive reactance
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AN ANTENNA HAS IN INPUT IMPEDANCE

* Impedances
* High is several thousand Ohms
* Low impedance is anything less than 100 Ohms

* Because you know Ohms Law:
» What is the impedance at the ends: high or low?
* What is the impedance at the middle: high or low?
* But simple“impedance”is an oversimplification. Impedance has two components.
CaScade

* Resistive (real)
* Reactive (imaginary)
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TERMINOLOGY

4 Reactance (imaginary)

* Impedance (Z=R +jX)
* Resistance (R) (real)

* Reactance (X) (imaginary)
< » Resistance (real)

* Together called “impedance” but life can be made simple by

combining them into a vector quantity.
f—— N2 ——
v

* See next slide

S
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TERMINOLOGY

Reactance (imaginary)

Impedance (Z=R + jX)

Example: vector quantity 43 +j37 =57 Q) 37 O

* Resistance (R) (real)

.—> Resistance (real)

43 Q

* Reactance (X) (imaginary) >

Together called “impedance” but life can be made simple by
combining them into a vector quantity. > A2 >|
v

Thus a: “vector impedance” i
* Has a real component (resistance)
¢ Has an imaginary component (reactance) Vo
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WHAT IS THE HOLY GRAIL FOR IMPEDANCE?

The Holy Grail is to match your impedance for maximum power transfer.
Assume your transmitter is specified to have an output impedance of 50 Ohmes.

Antenna must therefore match at 50 Ohms.

* 50 + j0 = V502 4+ 0%2=50 Ohms
* Reactance is neutral if wire lengths are precisely A/2.
Cascades

Starting point: How do you make 43 +j37 into 43 + jO

* Cancel an inductive reactance with an equal capacitive reactance

* Answer:43 +j37-j37=43+j0
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INTRODUCING: THE SMITH CHART

Let’s assign some numbers o sce.
how all this works out,

We already know that laductive

home 1s | Ohm \

normalized. \ 7
Capacitive /




LET'S INTRODUCE SIMSMITH

Without computer assistance, the typical amateur radio operator is absolutely lost.

There are way, way too many ways to go wrong and you never know it.

You spend the greater part of a day designing and building a tuning stub.

But it doesn’t work.
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READING THE SMITH CHART IS ONE THING...

» Making the Smith Chart work for you is a major accomplishment.

* |tis easy to read the Smith Chart, but unrealistic for the typical amateur to use it for

solutions. Simsmith

* Enter the free computer application SIMSMITH
* SimSmith protects you from yourself for
« If you attempt to incorrectly use the Smith Chart, |Nteractive RF Circuit Ana |y5is

SimSmith refuses to do it or lets you know.
(Jump down to download options)

* For both PC and Mac

Please Join the discussion forum at: groups.io/SimSmith

CasC sdes Amateur Radjo SOCI'et
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HTTP://WWW.AE6TY.COM/SMITH_CHARTS.HTML

* Scroll down to find the recommended download.

Wesley Cardone, NS8QM

At present, three versions of SimSmith are available.
Please backup your computer before downloading any new software.

Larry Benko has made dozens (a hundred?) videos about using SimSmith to
understand RF circuits. Many were made with an older version (15.1) and a few
using a somewhat newer version (16.9). Both of these releases are available
below. There are some subtle differences in the builds of 16.9 which can cause
some confusion. | apologize for this cavaleir behavior on my part.

Finally, the most recent release version 17.3. Significant changes are announced
on the SimSmith@groups.io.)

1541 Useful when following along Larry Benko's older videos

's newer videos.

17.3 Recommended. New bullis are released here. Please read the latest releast
tory) before installing.

notes (in the download gi
Please feel free to contact me with suggestions or questions at

aebty@aebty.com.
Again, please also consider joining the SimSmith group at SimSmith@groups.io

sdes Amateur Radijo g, Cles
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SELECT THE APPLICABLE DOWNLOAD — = —= —=

- = = =
* | am using Windows 64-bit, therefore... ” I m
* | selected the item that was last on the list titled = = =
* Windows64-with-JRE.exe o
* There was a Dropbox invitation which l ignored. & 0 0 o o
* | chose a direct

download rather

than Dropbox.

But Windows .exe files can't be previewed.
blocked it. —
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WINDOWS BLOCKED MY DOWNLOAD

* Ignore the message and click on the ellipsis.

* Click“keep’”

windowsbd-with-JRE....exe was blocked

. . Dele
because it could harm your device.

Cvberlink
Screen R...
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HARM?

| J Latitude_E5x70_Precision_3510_1.23.3.exe
'0_Precision_3510_1.

* Click“Show more.” This app might harm your device

Microsoft Defender SmartScreen reported that

this app is not commeonly downloaded; you
should only open files you trust. rauncherexe?d|_uid=

MName: windowsed-with-JRE (2).exe
Publ . |nknown

Mame: windowsbd-with-IRE (2).exs
Publisher: Unknown

Show less

fdocuments/5d2bfhat
Kezp anyway

December 9, 2020

Learn more ‘
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* Click on the lower URL text.
 “this file was blocked...”
All files ] Clear all [ Open downloads folder
December 15, 2020
windowsGd-with-JRE (2).exe Y
hitps ffucf3445c5i6e812d31dc1 7217 fce. dl_dropboxusercontent. com/cd/0/get BFEWAVEWpgbTUhg 1F
Amateur Radj _ A
. 2 SOCIet}’ é
f

n folder
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Wesley Cardone, NS8QM



FINALLY!

Windows protected your PC

Microsoft Defender SmartScreen prevented an unrecognized app from
starting. Running this app might put your PC at risk.

° ThIS ShOUId flnally get us home. App: windows64-with-JRE (3).exe

Publisher: Unknown publisher

e [ oo
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3

Hmm... This needs a closer look

We've sent windows64-with-JRE (3).exe to our Threat Labs for a thorough
analysis.
It should take only a few hours. In the meantime, we'll keep blocking it.
( MORE OPTIONS - |
See details -
A
f

* My own virus monitor called attention
ty
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to this install.
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LATER VINDICATION

» My anti virus software came back a few
minutes later saying no problem was

found.
Good news from Threat Labs!

We didn’t find any threats in the windows64-with-JRE (3).exe file you sent
us.
It looks safe to open.

GO TO FILE

See details -

Wesley Cardone, NM:’"{



INSTALLED

? wview:-3.0

&£ Chlsers\weslehlastSimSmithCircuit17p3.sse -SimSmith 17.3 g b
SimSmith file savelmages captures view help running notes

&

T

* Ignore the note. It
always appears with a
new install because
there is no configuration
file.

Wesley Cardone, NS8QM

No S

eep Parameters

and restarting

| apologize for any inconvenience.

OK

® unable to read:lastSimSmithCircuit17p3.ssx
If you have a previous version, please try
copying it to C:\Users\wesle\lastSimSmithCircuit17p3.ssx

ralue rvalue
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pur
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A MAG-MOUNT ANTENNA

* Two antennas shown
* Right: cut for 2 meters: 146 MHz
e Z=50-j0 Ohms @ 146 MHz
 Left: cut for 2 meters: 155 MHz
* £2=44.0-j52.7 @ 146 MHz

* OBJECTIVE:

* Design & build a tuning stub to fix the left antenna for
amateur radio use.
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SIMSMITH e 5 No S

F=d44= SR = 2038
¥=-627  [=0.492£67

abled

ecp Parameters

* Enter the vector impedance.

* Observe the Smith Chart
plot.

 EVALUATION: 5 ) S| K= W

* Is very capacitive

AT

1

1
* But nearly good for resistance.| ¥ [l=] { [l= shouing
_Ep i al F b tE Bﬂth
3)[] « ugar |7 % ]

* Plan: Cancel cap by adding

inductance. NG
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ADD INDUCTANCE

* Add 57.6 nH

I4— L H— L‘I H— G
YT A,
Z ®
R=44 R =44.26 SWR =1.13
X=-527 X=0.1437 T=609m<z178
{_W = Ugg 1 RO th Checd i Y SvwR=1.160
1V.,i=10.3,0.15 o M= 74.0m.2180
44lohms 146|MHz = Vaaim
52 7ljohms 501Za == [l —
<none> (file O@MHz | useZo |V
teu '
ades Amateur Radjg, SOCie
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ADD INDUCTANCE

* But still shy of home.
* Need to move slightly to the right. Is this:

* Increasing the resistance or

* Decreasing the resistance
* How dowe doit?

* Remember from the video what happens to the
vector impedance when we add coax length.

* In the next slide we will add 1 foot of RG-8X T 1
coax (vf=0.78) after removing the inductor.

SWR=1.160
M=74.0m=180

=431
Y=23.2m
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PO Sweep Parameters Enables

ADD 1 FT COAX, IND GONE

 We removed the 57 nH inductor.
* Then added 1.0 ft of RG-8X coax.

e Describe the effect caused.

* |s the vector impedance now

e Capacitiveor N T

showing

* |nductive?

: Both
-1 T1]~ G| HTTTITTITTFR
'S "'l.‘. m jriikteiy
55 ,
] ‘ 18WR
o= a4~ R=17.73 SR = 29149 EZE& QIV]ark Plot: m
W= 527 ¥=-3805 [ =04002-157

il = 0756 = 076
P oot W 1=4.089,0 207
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ADD MORE FEED LINE

* So now we add another 3 inches for a total
of 15 inches.

» Why is this additional 3 inches critical?

Wesley Cardone, NS8QM

MO Sweep Parameters Enable

-
=
T ———

showing

Both

nnnnnnn

SWR=2.982
=0498.119
Z=21.7+j251

18WR

B Mark | Plot: | Y=19.7m-j22.8m




ADD CAPACITANCE

* We add 24 pF of capacitor instead of an
inductor. Why?

* This takes us to the Holy Grail—home plate.

* But who has a 24 pF capacitor handy and
what a headache attaching it.

= = e — 1=

ARjIRA;

© Sweep Parameters Enab

e -

showing

R=d4- R = 2237 R =50.33 SR = 1.007
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[ o
: 1|1SWR

B Mark | Plot| | Gl

uuuuuuu

SWR=1.007
M=370mz=0

Z=504
Y=19.9m

Cascads




COAXTO IMPLEMENT REQUIRED REACTANCE

Series-Open stub adds capacitance while decreasing resistance

Parallel-Open stub adds capacitance while increasing resistance

Series-Shorted stub adds inductance while increasing resistance

Parallel-Shorted stub adds inductance while decreasing resistance

STaleiis

Adding coax extension increases resistance and affects reactance in varied manners.
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OPEN STUB COAX  * L O 2

k A
7 RONEDS ()
* An open stub coax acts like a
capacitor. R=44 R=2234 R =150.13 SWR =1.013
X=-527 X =2495 X=0.6165 [=6.29m 78
* Add 8"and 1/3"yields precisely «\W = 0.985 «\W = 0.999 W =1
24 pF. IV,i=10.27,01497 V,1=7.08,0.2114 }V,i=7.08,0.1558
44johms 86.69|~deg 47.69|~deg 146|MHz
-52.7johms 146|@MHz 146(@MHz 50/Zo
<none> (file 15.18|jin 8.354|in useZo (\V_
simplified |Mdl simplified |Mdl Plots |Plt
0.78|vFnom 0.78|vFnom
50[Zo 50Zo
41.67m|f100i 41.67m|{f100i
10|@frq 10|@frq
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14— L 1 T1 — G
4y
METHOD #2 STEP 1 7
R =44 R=49.94  SWR=2769
X=-527 X=-5313 T =0.4692-62
“W=0775 ~W=078
1V,i=9.111,0.1327  1V,i=9.111,10.84m
44johms 86.43|~deg 146|MHz
» Add a shorted step to move counter- S2.7jchms | ___14B@w| 50170
<none> |[flle . N useLo _
clockwise simplif;ega I\\;1Fdl Plots _|PIt
. .. 5070
* Added 15”and 1/8"in parallel 41.67m)/100i

&

showing

Both

mmmmmmm

Wesley Cardone, NS8QM




METHOD #2, STEP 2

* Add a series shorted step of
length 8”and 1/8" RG-8X coax.

Wesley Cardone, NS8QM
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s
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R=44 R =49.83 R =50.04 SWR = 1.009
X=-527 X=-5312 X=-04471 [ =4.49mc,-84
«\W =0.99 «\W = 0998 «W=1
1V,i=10.3,0.15 }V,i=10.3,12.03m <v,|=7.446,0.1414
44/ohms 86.49~deg 46.37|~deg 146|MHz
-52.7johms 146|@MHz 146|@MHz 50[Zo
<none> ffile 15.15jin 6.943|in useZo [V_
simplified Mdl simplified [Mdl Plots |PIt
0.78vFnom 0.6667|vFnom
50/Zo 50{Zo
41.67my/100i 41.67m{f100i
10l@fra 10i@fra
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TWO METHODS: WHICH ONE TO BUILD

= L]« T1)* T2 G e L= INIE T2 G
kN S /\/
o Ej
R = 44 R = 49 83 R = 50.04 SWR = 1.009
X=-52.7 X =-53.12 X=-04471 T =4.49m2-84
R =44 R=2234 R =50.13 SWR =1.013
<\ = 0.99 <\ = 0.996 W =1
X=-527 X=24095 X=0.6165 M=6.29m«78 $V,i=10.3,0.15 {V,i=10.3,12.03m <v|=7.446,0.1414
«\W = 0.985 «\WW = 0.999 «\W =1 44/ohms 86.49|~deg 46.37~deg 146|MHz
i = g -52.7johms 146(@MHz 146|@MHz 50[Zo
IV,i=10.27,0.1497 V|1=7.08,0.2114 }V,i=7.08,0.1558 <one> BE 5 150n 043l wseZo .
44ohms 86.69/~deg 47.69~deg 146|MHz simplified Mdl | simplifisd |Mdl Plots _|PIt
-52.7)johms 146|@MHz 146|@MHz 50(Za 0.78[vFnom 0.6667|vFrom
<none> _[file 15.18|in 8.354jin useZo V_ 5070 50Zo
simplified [Mdl | simplified Mdl Plots |PIt 41-671“3’(;22 41-57{8%‘;"0'
0.78[VFriom 0.78¥Friom ' \ ' E1
501Zo 50/Zo . | Original Feed Line
41.67m|/100i 41.67m|f100i Transmitter | | | 1\ -
10/@frq 10/@frq L]
Y . El "
15.18" Original Feed Line 6.943
Transmitter | t 1\ )
[ 15.15"
Both .
dgsca OcCjey
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CONCLUDING QUESTIONS FOR YOU

« Why is it an advantage to use a coax with a low velocity factor?

* Would someone please explain to me what happens to the vector impedance when
you add feed line?

Wesley Cardone, NS8QM
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