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There are numerous aids for the antenna builder to help him or her calculate what will happen along the transmission line
from the antenna to the shack and within the antenna tuner inside the shack (or, remotely speaking, at the base of the
antenna or its support). Since most of the utility programs are free for the download, they are readily accessible. Still, many
antenna system builders do not make use of the resources available. Perhaps a review of some of the most common
programs might be useful as an introduction that will encourage their use.

We shall proceed in two steps. First, the most common transmission-line programs are TLW from the ARRL's Dean Straw,
N6BV, and TLD from Dan Maguire, ACE6LA. They form a nice pair to compare and contrast. Then there are network
matching programs. We shall sample 3 programs that differ in how they proceed.

Transmission-Line Programs: TLW and TLD

If we have a transmission line between an antenna and the shack (which we shall sometimes call the "measuring point”)
there is only one condition under which we know with reasonable precision the impedance at the shack end of the line. That
condition is where the antenna feedpoint is perfectly matched to the line that we are using. Even then, unless we have hand-
calculated the figure, we do not know the line loss at the frequency we are using. Most often, we do not have a perfect
match between antenna and feedline, and every bit of difference between the line and the antenna increases our
uncertainty about the impedance at the measuring point.

However, every condition that we can throw at the antenna-end of the transmission line can be calculated all along the line.
This includes not only the impedance changes along the line, but the losses as well--and the effect those losses have on the
impedance that appears at the shack end. The equations have been around for a long time, and Terman's Radio Engineers'
Handbook (McGraw-Hill, 1943) has versions of the equations for both lossy (normal) and lossless lines. The latter equations
are simpler to implement and use, but the former represent reality much more closely. So the programs that we need to use
calculate for lossy lines.

One of the more common programs is TLD (Transmissioon Line Details) by AC6LA. You can obtain a copy at no cost by
visiting Dan's web site (http://www.gsl.net/ac6la/). Fig. 1 shows the main screen of TLD.

file:/l/E|/Perso/archive/warnl /w4rnl /www.cebik.com/trang/tinw.html (1 sur 17)30/04/2008 14:12:43


http://www.qsl.net/ac6la/

Transmission-Line and Tuner Calculation Aids

[72] Transmizzion Line Details

Twpe

Enkter values directly, or click spinners, or click and hold spinners,

1, Choose Transmission Line, Madify Parameters if Desired,

Freq - ¥F - Len - WL Conversions |

| Belder 9258  (RG-8X)

Z, Set Frequency, R, and ¥,

Ro WF K1 k2
j | 50 i‘ | 0.2 i‘ | 0, 265040 i‘ | 0.005725 i‘

3. Set Line Length and Inpukt Power,

Fig. 1

Prink

(Serenade equivalents)
1 2

| nzrotz7 | 0187628

Matched Loss

Plat

Ptz R i Ak Input dE { 100 m
>0 Zlf‘“""z Z‘KHE Z‘Band | 00 ZH 00 T & At Load 5,398 KiKZ

Length Lnits Electrical Length Modulo 12 Wawvelenath 0.61023% Input Wyakks
g il Meters - | — I o 1000 i‘
| =0 | ; — (jp 219.66
Resulks
L %% of Total L
Ak Input = Ak Load w 48 o= W 5?30 an Ei}s
R 23.28 300.00 B B e
| | Cond. | 0.242 | 51167
3 -61.63 100,00
| | piel. | 0028 | 5.964
| 65.08 | 316,23 swh | 0472 [ 90.a77
SR 5,573 £.703
| | Total | 0.742 | 157.007
SWR | 5701 | £.634
50
(50} Power at Load
lineZo | 50 -j 0.405 542.993 W Cond. Diel. SWR

[ Show Rho in place of SWR

[ ignore Line %o in calculations

Prime Centerl S0 il

Close

What you input is only a part of what the screen shows, with the rest calculated by the program. You may select one of the
common lines available commercially from a long list of options. The list of lines includes the characteristic impedance (Zo),
the line velocity factor (VF) and the loss figures, given in TLD as K1 and K2 values. You will enter the length of the line in
either a common unit of measure (for example, feet or meters) or in wavelengths. Of course, you will also enter the
frequency of concern, since transmission line losses and transformations vary with frequency. If you need to make some
conversions either before or after the program does its work, you may go to the conversion screen, shown in Fig. 2. You will
also enter the load impedance in series resistance and reactance values. You may set the power input (at the shack end of
the line). The program does the rest.
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The upper part of the screen toward the right shows the matched loss of the line shown--for RG-8X and 30 MHz, 5.398
dB/100 m. The losses of the 5-m line we are using are 1/20 of that value.

Perhaps the greatest amount of information appears in the lower part of the main screen. The program attempts to place as
much information on a single screen as possible. At the lower left, we have tables of values for both the source and load
ends of the line. Both columns appear, not only to give us SWR values, but as well because we had a choice when setting

in the impedance values earlier: they can be the antenna feedpoint values or the set of values measured at the shack-end of
the line.

Note the 2 SWR entries. The upper entry is relative to the Zo of the line, listed at the bottom of the table. The second SWR
value is relative to a resistive impedance that we set into the box below the Smith Chart graph in the lower center region of
the screen. To the right of the Smith chart, we find a pair of loss columns, one calculated in terms of dB and the other based
on the power that we set into the box in the upper screen half. TLD calculates separate values for the losses due to the finite
conductivity (mostly of the center conductor of a coax cable but of both conductors of a parallel line) and due to the finite
resistivity of the cable dielectric that separates the conductors. In addition, if the line has more than zero-length and we do
not have an exact match between the load and the line, there will be added losses due to the effects of SWR, that is, due to
the peak voltage and current values that appear along the line. To save you from calculating the percentage of loss due to
each factor, the lower right corner of the TLD screen contains a bar graph calibrated to yield the percentage of loss due to
each factor.

We can change any of the input values according to the needs of our investigation. For example, we can compare the
losses for a specific length of line using RG-8, RG-58, RG-8X, RG-213, and some of the commercial low-loss lines, all by a
simple change in the line selection. Even though these are all nominally 50-Ohm lines, we can track the differences in actual
characteristic impedance values as we change lines. Many other exercises are equally easy to implement. In addition to
coaxial cables, the list of options includes some typical parallel lines.

If we wish to survey the conditions along a length of line, we might wish to try TLW (Transmission Line Program for
Windows). The program comes with the current edition (20th as | write) of the ARRL Antenna Book on the enclosed
CDROM. Fig. 3 shows the main screen for TLW.
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The data that we need to supply is essentially the same as for TLD: line selection; length in meters, feet, or wavelengths;
frequency; and impedance as series resistance and reactance values. Note that we can specify the impedance for
calculation as either the impedance at the load end of the line or at a given measuring point. Since this screen calculates
only in dB, we do not need to specify a power level, although we shall later do so when we explore the "tuner” calculations
available to us.

The program revises the line characteristics and the other calculations as we revise any of the input entries. And now we
may compare the results between TLD and TLW. For the screen grabs, | supplied both programs with load values of 300 +
j100 Ohms and selected RG-8X, using the Belden version of the line. Both line lengths are 5 meters at 30 MHz. However,
TLD gives us a shack-end impedance of 23.28 - j61.63 Ohms, while TLW shows 19.36 - j51.65 Ohms. As well, TLD shows
a total line loss of 0.742 dB, while the corresponding figure in TLW is 0.854 dB.

Where do the differences come from? What do they mean?

There are differences in the way each program arrives at its final values. However, those difference, whan applied to half-
wavelength perfect lines, result in differences that are under 0.2%. The major differences occur with respect to the input
data cataloged by the program. Note first the difference in velocity factor between the two programs. That small 0.02
difference results in TLW showing a much closer coincidence to TLD values (or vice versa) when the TLW line length
increases to 5.1 m. There are also differences in the calculation of matched line losses between the two programs: 5.398
dB/100m vs. 6.320 dB/100 m. There is even a small difference in the listed Zo of the Belden RG-8X: 50.0 - j 0.405 Ohms vs.
50.1 - j 0.47 Ohms. Hence, even using identical calculation procedures, the results would differ.

The important question for the user is whether these difference make a difference? The answer in most cases is "No." Cable
specifications represent optimal values given by the manufacturer, and may differ from one batch of cable to the next over a
small range. If we change the maker, then the range of difference may be considerably larger. | have measured the VF a
non-Belden RG-8X cable as 0.72, which is far from the value used in either program. Perhaps the most divergent figure for
the RG-8X cable used in the example is the matched-line loss value.

The upshot of these considerations is that the seeming exact values calculated by the programs are subject to real-world
variables, mostly of cable manufacture. (Further deviation between calculations and measurements may also occur due to
cable age and conditions of storage, which are user responsibilities.) Calculations within either TLD or TLW are highly useful
for study, planning, and designing, but in the end must give way to measurements and adjustments based on those
measurements.
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For study and planning, TLW has two graphing features that are highly useful. Fig. 4 shows the voltage and current graph
that allows you to determine where along the line the peak values occur. Note that | set the power at 1000 watts for both
programs for the exercise. The peak voltage with the given load is about 527 VVrms, while the peak current is 10.5 Arms. The
peak current on the RG-8X relatively thin center conductor is, of course, a matter of concern, and a more robust cable would
normally be used at the frequency and power level of the exercise.
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Fig. 5 shows the alternative graph that plots the resistance and reactance along the 5-meter length of transmission line. As
in the voltage/current graph, the load end of the cable is at the right, with the transmitter (or tuner) on the left. The line is
about 5/8-wavelength. For each half-wavelength of the line, notice the length of line over which the resistive component
takes on a very low value. As well, notice the reduction in the peak values of both resistance and inductive reactance closer
to the source end of the line compared to the comparable values at the load end of the line.

User-Defined Transmizsion Line

Original Frequency, MHz, fram TL. DEF:
Mew Frequency, MHz:

Enter Attenuation, dBA100 Meters:
Enter Welocity Factar:
Enter RO, resistive part of characteristic 20

Enter 0, reactive part of characteristic 20

Compute K0 suggested value for X0

Enter Maxirmurm Yoltage: 1000

Fig. 6

TLW also permits the user to specify a line, such as the one shown in Fig. 6. The screen calls for a relatively complete set
of specifications, even for the perfect 450-Ohm line shown here. Proper specification of a line requires not just a resistive
impedance, but as well, a reactive component, if there is one. It also calls for a frequency of operation and the attenuation
per unit of line, here 100 m. Of course, a velocity factor is mandatory, since even ladder line with only periodic spacers
shows a value less than 1.0. As well, every line has a maximum voltage rating that depends on many factors.

The line shown on the sample screen is a perfect 450-Ohm line, that is, a line with no reactance in its Zo, no losses, and a
velocity factor of 1.0. Interestingly, when such a line is plugged into TLD at 30 MHz, a load of 2000 - j 2000 Ohms returns
the same values at a distance of 1/2-wavelength. In TLW, the calculation process returns 1994.87 - j 1999.86 Ohms for the
same initial conditions. The difference is too small to make a difference and is noted simply to show the difference in the
calculation procedures for the two programs.

These notes have not covered all of the program features. For example, both programs either show or give an option to
show the reflection coefficient as an alternative to the SWR value that amateurs so commonly use. TLD has loss values
applicable to the Sonata suite of engineering modeling programs, and it provides a graph of matched line losses for a wide
range of frequencies. TLW has calibrated results based on noise-bridge or Autek antenna analyzer measurements. The
unique features of each program justify having both available for ready use, especially since they come at essentially no
cost (or, in the case of TLW, at no extra cost).

Clemens Paul, DL4ARAJ, has reminded me that there is a free on-line program (Transcalc) by Kevin Schmidt, W9CF, at his
website: http://fermi.la.asu.edu/w9cf/tran/index.html . Although the program notes that it uses a number of features from

TLW, the calculation procedure appears to resemble more the one used by TLD in terms of results from specifying lossless
or perfect lines. TLD does not calculate SWR's above 999, but Transcalc does. Additionally Transcalc shows graphically
what is happening along the line like TLW, and also has a zooming feature. The W9CF applet contains instructions for
downloading two files that together allow storage of the program locally for use with your browser in the off-line mode. For
offline use of Transcalc with newer Windows versions (such as XP), you have to download the (free) MS virtual machine or
the java plug-in from Sun. For basic transmission-line calculations and a graph of voltage, current, and power along a long
length of line, the WOCF program can be very useful as an alternative to the ones reviewed in these notes.

Tuner Analysis

The analysis of antenna tuners is at root the analysis of networks effecting an impedance match between a user-specified
load impedance and either a given or user-specified source impedance. Most usually, the source impedance (Rin) is 50-
Ohm resistive. However, the load impedance may be complex.
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Programs vary in how many networks they include. For example, TLW includes the most common networks used in tuners
used by radio amateurs: the low- and high-pass L, the low-pass (CLC) PI, and the high-pass (CLC) T. A suite of utility
programs by Brian Eagn, ZL1LE, adds the low-pass (LCL) T as well as a collection of 2-element networks. A more general
program called the "Impedance Matcher" includes a total of 16 networks, including a number of "double Ls" (which may go
under different names in other contexts, such as the PI-L sometimes used in power amplifier design).

We shall examine briefly the 3 programs noted, but not because they vary in the number of networks offered. Rather, each
program begins its calculations at a different point, and these differences are notable in terms of the responsibility they place
on the user.

Network analysis begins with two sets of numbers besides the impedances to be matched. For convenience, the sample
load (Zout) will always be 300 + j 100 Ohms, and the input impedance (Rin) will be 50 Ohms. One additional set of figures is
the unloaded or component Q (or Qu) of the capacitor(s) and inductor(s) in the network. For the purposes of this survey,
inductor Qu will be 250, and capacitor Qu will be 5000. Each of those values will vary according to the component quality
and to the circumstances of use. With a roller inductor or a tapped coil, the Q may vary widely over the frequency range as
the ratio of coil length to coil diameter changes, and the contribution to inductance of the leads rises with frequency. The
component Q-values that | have chosen are generous.

The other figure of importance is delta (as defined in Terman). Where available, the Greek letter uses the lower case. To
avoid finding a lower case delta on a keyboard, the term now has a variety of names, all using the letter Q: effective Q,
loaded Q, network Q, and operating Q, to name a few. Vacuum-tube amplifier output Pl networks tend to use delta values
around 10-12, while solid-state amplifiers aim for values closer to 1. The value of delta makes a difference to tuner losses.
In general, power lost/power delivered to the load is equal to delta/Qu (where for first order approximations, one might use
the Qu of the inductor). Therefore, network efficiency as a percentage equals 100 * (1 - delta/Qu). Therefore, the higher the
component Q and the lower the delta, the more efficiently the tuner will transfer power from the source to the load. (The
load, of course, is usually a system that includes an antenna plus a transmission line, and the line--as we have seen--may
have losses of its own.)

One factor not included in network calculations is the fact that for very low values of delta, the settings of components for a
perfect match to a 50-Ohm source and the settings for maximum power transfer may differ slightly. When delta is greater
than about 10, the differential is virtually undetectable. However, when delta drops down to the 1-3 range, those settings
may differ by amounts detectable from variable component settings. (See Chapter 6 of recent editions of The ARRL
Handbook for more on this phenomenon in parallel tuned circuits.) Because most tuners do not include relative output
indicators, most users settle for a perfect impedance match rather than for maximum power transfer. Nevertheless, the most
ideal tuner component values are those that yield the lowest value of delta.

TLW includes--besides the transmission-line analysis--a supplementary module for tuner analysis. The module is based on
the older DOS program, AAT. In the TLW context, it uses for its impedance input the values calculated for the source end of
the transmission line. However, if you wish to directly input a value, just specify any transmission line with a length of zero.
Then the load impedance from the main screen will also appear at the load terminals of the network.

Tuner Selection, TLW

Default Values Tuner Metwork Type
Unloaded Inductor G | 200 + High-Fass L-Metwark

_ " Low-Pass L-Metwark
Unloaded Capacitar O | 1000  LowPacs PiNatwerk
Transmitter Power, Wy [ 1500 ™ High-Pass Tee Metwark

Tuner's Input Resistance: &0

Cutput Stray Capacitance, pF: 10

Dutput voltage phase, deg.: 0
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Fig. 7 shows the tuner selection screen, with its options. The power setting also applies to the main page. The component Q
values are the default values, although for this exercise, we have altered them. As well, the selections provide a value for
stray capacitance at the network output, using a default value of 10 pF. In the following exercises, | have reduced this value
to zero so that calculations among programs will correlate to the degree possible. However, for practical tuner analysis, the
stray capacitance value can be very useful, especially when looking at the performance of a given tuner on the 12- and 10-
meter bands, where 10 pF is a large percentage of a network's output capacitance.

The calculations for high-pass (Cs-Lp, where Cs is a series capacitor followed by Lp, a parallel or shunt inductor) and low-
pass (Ls-Cp) L networks are quite standard. Fig. 8 shows both screens for a tuner load impedance of 300 + j100 Ohms. If
we first calculate the delta (or effective Q, in this program), then there is only one set of component values that will meet that
delta calculation and still yield a match to the 50-Ohm input.

High-Pass L-Hetwork

RG-3% (Belden 9258) Length: O meters Frequency: 30.0 MHz
At load: 300+ | 100 chrms = 316.2 ohms, at 18.4 degrees  Load SWH = 567

Eff @=24 1451 5WR BWYW=51450 kHz (17.2%) and 2:1 SWR BW = 3311 4 kHz (29.7 %)
Estimated power [ost in tuner for 1500 W input: 13 W [0.04 dB = 0.9% lost)
Transmission-line loss = 0.0 dB. Total loss = 0.04 dB. Power into load = 14371 W

At 1500 Wy C1 L2
Unloaded O 5000 240
Feactance -118.427 162,131
Feak “oltage 917N 996
RhS Current 58 A 434
Est. Pwr Diss, 14 124
RS Win: 27386 % at -67 .12 deg. RS Wout: 704.04 % at 0.00 deg.
448 nF
* Cl * Erint
50.0 Ohms ] i fain
- L2 300.00 + [ 100.00 Ohr SR
| (Caned ]
‘ ‘ .......................... ¥
0.86 uH
Riz-8% (Belden 3253) Length: O meters Frequency: 30.0 MHz

At load: 300+ 100 chms = 316.2 ohms, at 18.4 degrees  Load SWR = GG

Eff =24 141 3WR BWW=58118.0 kHz (17.1%) and 2:1 SWR BW = 3864 .5 kHz [29.5%)
Estimated power lost in tuner for 1500 %Y inpot; 153 (0.04 dB = 1.0% lost)
Transmission-line loss = 0.0 dB. Total loss = 0.04 dB. Power into load = 1425.0 WY

At 1500 Wy L1 c2
Unloaded O 280 a000
Feactance 118.519 S22 207
Feak “oltage 918 v HO5 4
RS Current 554 2.8 4
Est. Pwr Diss. 14 WY 1 Wy
RMS Win: 27386 % at B7.32 deq. RMS Yout: 703.55% at 0.00 deg.
0.63 uH
. L1 . Erint
50.0 Ohms I - Ll
: c2 300.00 + j 100.00 Chrr Soreen
| el
* P ;
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{

43.4 pF

Fig. 8

TLW, as shown in Fig. 7, allows matching calculations for only 2 other tuner networks in common use: the low-pass (Cp-Ls-
Cp) PI and the high-pass (Cs-Lp-Cs) T. Fig. 9 shows the calculations for both of these networks for the specified conditions.
It also shows the approach taken to solving the requisite equations for these networks.

Low-Pasz Pi-Hetwork

Ri5-8¥ (Belden 9258)

Length: 0O meters

At load: 300+ | 100 ohms = 316.2 ohms, at 18.4 degrees

Eff 2=27

Estirmated power lost in tuner for 1500 YW input:

Frequency: 30.0 MHz
Load SWH = B&7

1.5:1 SWR BV = 46212 kHz (15.4%) and 2:1 3WWR BYW = 8004.1 kHz [26.7 %)
16 W [0.05 dB = 1.1% lost)

Transmission-line loss = 0.0 dB. Total loss = 0.05 dB. Power into load = 1483.7 YW

At 1500 Yy
Unloaded 2
Reactance
Peak “oltage
RMS Current
Est. Pwr Diss.

RS Win: 27386 % at 75.84 deg.

Cf 12 C3
5000 250 5000
308 552 125.146 120,572
387 v 982 v 995 v
094 5.5 A 554
0w 15 W 1%
RS Yout: 703.05 % at 0.00 deg.
0.65 uH
* I L2 & Brint
T
cl c3 30000 +j100.00 Ohn g
> l l &
17.2 pF 440 pF

High-Pass Tee-Network

RG-8X (Belden 9258)

Length: 0O meters

At load: 300+ | 100 ohms = 316.2 ohms, at 13.4 degrees

Eff 2=15

Estimated pawer lost in tuner for 1500 YV input:

Frequency: 30.0 MHz
Load 5WR = B.G7

1.5:1 SWRE BW = 7B11.5 kHz (25.4%) 201 SWE BYW = Large
15 W [0.04 dB = 1.0% lost)

Transmission-ling loss = 0.0 dB. Total loss =0.04 dB. Power into load = 1485.5 W

At 1500 Wy
Unloaded 0
Reactance
FPeak “oltage
RMS Current
Est. Pwr Diss.

1

a000
-111.443
gE3
0.5 A

1 W

RS Win: 27386 % at -57 B9 deg.

47 6 pF

T T ) _r
£0.0 Oh
me L2 CStray

l

L2

240
130.366
S4B 4
51 A
14 W

=3

a000
-117.8593
I
22A
0wy

RS %out: Y0362 % at 0.00 deg.

45.0 pF

L,

Fig. 9

0.6 uH

0 pF

300.00 + | 100.00 Ohims

Brint

Main
Screen
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value of that component, and the program completes the calculations, including deriving the delta or effective Q of the
network. If the goal is the most efficient transfer of power, then the user must try different values for the output-side
component until the effective Q value reaches its lowest value. The required value may not be the highest or lowest value
for which there is a solution to the network equations. For example, output capacitance values between 35 and 45 pF all
calculated a delta of 1.6 for the high-pass T network. However, there may be values for which there are no solutions, and
the program prompts you for a different value.

A program that takes quite a different approach to the calculations is known as Impedance Matcher (or more correctly, as
Impedance Matching Network Designer). This program is a scripted on-line calculator, but you may download the entire file,
with its subdirectory of graphics, and run the program locally on your browser. The URL is bwrc.eecs.berkeley.edu/
Research/ RF/projects/60GHz/matching/ImpMatch.html. The script covers 16 networks, of which Fig. 10 shows the most
common ones used in amateur antenna tuners.

Impedance Matching Network Designer e
(N ow with 16 networlcs!)
Source Resistance: 50 Source Reactance:|]
Load Resistance: W Load Reactance: W
Desired Q:2.  Frequemcy:[30e6
Calculate
Please send conmnents and questions to John Wetherell at wethereligleecs herkelev.edu
HIGHPASS Hi-Low MATCHING HETWORK LOWPASS Hi-Low MATCHING HETWORK
C ﬂf‘%‘ﬂ_‘
Re+i¥s L R1+j¥1 Re+iXs | T C  [R1+ix1
<~ < % <
L Value:|MaMN nH L Value:|MaM nH
C Value:|MaM pF C Value:|MaM pF
0 Value:|Mak 0 Value:|Mal
LOWPASS Low-Hi MATCHING HETWORK HIGHPASS Low-Hi MATCHING HETWORK
C
|
o |
Retivs | "7 [R1+:a Re+i¥s L R1+j¥1
- L2 = =
L Value:|631. 44041 L Value:|063.83c0H
€ Value:|43.191Epp C Value:|94.57Z2cpF
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ool WG T T

0 Value:|2.38047

HIGHPASS PI MATCHING HETWORE

s

MaM  gF

C Value:

LS Value:|MaM

LL Value:|MaM

HIGHPASS T MATCHIHG HETWORE

=
[
I ||
[ R1+jx1]

C

L Value:|MaM
CS Value:|Mal pF
CL Value:|Mal pF

o oTOLwWC.]

bt T

0 Value:|c. 38047

LOWPASS PI MATCHIHG HETWORE

L
M
Rs+j¥s| == -R1+jX1
C3 _L
v w vy
L Value:|MaM
€S Value:|MaM
CL Value:|MaM

LOWPASS T MATCHING HETWORE

L= LL
ML
Ret+j¥s — R1+j1
v howd vy
C Value:|MaM pF
LS Value:|MaM
LI Value:|MaM

The page shows only solutions for the low-pass and high-pass L networks. The reason for this condition is the required input
data. Besides the input and output impedances and the frequency (in basic units), the user must supply a target value for
delta called the Desired Q in this treatment. The value prescribed is 2.0. The L network calculations provide the values for
the closest value of desired Q, but the other networks make use of the specified Q. Hence, they have no solutions. There
are solutions for a delta of 2.4, and we shall shortly look at them in comparison with the values produced by the other

programs.

HIGHPASS LI Hi-Low MATCHIHG HETWORE

[
H
?L ; [R1+jX1]

LS Value:|MaM
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(Continued)

LE Value:|136057 nH

Fig. 11

HIGHPASS LL Low-Hi MATCHIHG HETWORE

LIk
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L3

&S

w7

=

LS Value:

CS Value:

CL Value:

LL Value:

LS Value:

CS Value:

CL Value:

LL Value:

Mak
MaM  pF
MaM  pF
Mar

LOWFASS LL Hi-Low MATCHING HETWORE

LL
i

R1+jx1
]

L

Ma
Ma
MaM  |pF

Mafd

BAHDPASS LI Hi-Low MATCHTHG HETWORE

S

LS Value:

CS Value:

CL YValue:

LL Value:

LL
Ak
—_— El+ix
oL ]

s
Mafd
MaM  pF
MaM  pF
Ma

BAHDPASS LI Hi-Low MATCHTHG HETWORE

Fst+j¥s| ——
C

o w7
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CE Value:

CL YValue:

L= CL
|
R1+j%1
LL

LS Value:

Mar
=10
MaM  pE

LE Value:|136057 nH

CS Value:|32.E717pF
CL Value:|[34.358TpF

LL Value:|59452%mH

LOWPASS LL Low-Hi MATCHIHG HETWORE

L3

LS Value:|067.435nH
€S Value:|2D.323%pF
CL Value:|51.686%pF

LL Value:|333.634p4

BAHDPASS LL Low-Hi MATCHIHG HETWORE

LS ZL
T I
Rst+ij¥s| —=— ? R1+JX
7 v
LS Value:|136057 ny

CS Value:[32.6717pF
CL Value:|21.686ZpF

IL Yalue:|333.63<n4H

BAHDPASS LL Low-Hi MATCHIHG HETWORE

H H'W‘I
+ % L Rk
o o
LS Value:|061.435m4
CS Value:|2D.323%pF

CL Value:|34.3587pF
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CL Value:|NaM  pF (L Value:|584.3581pF

LL value:|MaM i LL Value: 5445254

Fig. 11 shows the remainder of the single long page of possible networks in the program. For a desired Q of 2.0, there are
some solutions among the "LL" circuits, although we normally do not find these in antenna tuners. However, all of the more
complex matching networks have places in solid-state amplifier designs and in numerous other applications.

So far, we have looked at two approaches to network calculations. For networks having 3 components, TLW has the user
specify the output-side component value and search for the lowest delta. Impedance Matcher has the user select a desired
Q and then adjust that value until the program provides a solution in terms of component values. There is a third route to
network solutions, the one used in one of the GW Basic HamCalc suite of utilities. You can find the latest version of
Hamcalc at www.cq.amateur-radio.com. In the index, find the program called Transmatch Design by Brian Egan, ZL1LE.
Because Basic screens do not register as graphics on my operating system, we shall have to content ourselves with text-
grabs from those screens.

The calculations for L networks (called Ladder networks in the program) generally do not stray far from the techniques used
in the other programs. The following example of a low-pass L (Cs-Lp) makes that clear. We begin by entering the required
input data, and the program specifies which type of network will provide a solution. Note that the components are specified
simply as reactance positions. The program will not only provide solutions involving the usual cases in which we have a
series reactance of one type and a shunt reactance of the other type. There are conditions of load impedance that may
require series and parallel reactances of the same type. However, we shall not encounter them with our simple 300 + j100
Ohm load transformed to 50 Ohms resistive. The text-grabs will not reproduce the special characters used to show some of
the network diagrams (created by HamCalc's master, George Murphy, VE3ERP). Still, you likely can infer what goes where.
R1 always refers to the input impedance and R2 and X2 refer to the output or antenna-side impedance.

2- ELEMENT LADDER NMATCH NG NETWORK PROGRAM
———————————————————————————— by Brian Egan, ZLI1LE -----------------------------

TYPE “ A" LADDER NETWORK TYPE "B LADDER NETWORK
0--- Xa ==-=------ o] O--==-=-==--- Xa ---0
| I
1 I
---» Xb ---» ---» Xb ---»
R1 : Load R1 ! Load
A e +
i NETWORK DESI GN PARAMETERS: |
B S e o i e A e e e e e e P +

1. ENTER frequency of operation in Miz: 30

2. ENTER val ue of input resistance, Rl, in ohns: 50
3. ENTER val ue of | oad resistance, R2, in ohns: 300
4, ENTER val ue of | oad reactance, X2, in ohmns: 100

The network requires a Type A network, but it has two forms, as shown by the following grabs of the solutions.

2- ELEMENT LADDER MATCHI NG NETWORK SCOLUTI ONS

I A o = cof Y P o A T 1 B o o 5 i e . o B o O e S oy o A A T el T R e e +
| DESI GN PARAMETERS: LOAD SWR =  6.68 !
i T e o S el oy b o e et e B e S g e e S e e e e B e i
I Frequency (Mz) = 30 Load Resistance = 300.0 _ !
| Source Resistance = 50.0 _ Load React ance = 100.0 i
R e T o S S T i o S o i i e e R Ty N et LN S A el S S R +
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SCOLUTI ON 1. QL s CAW o ey o
__________ |
1
Ca (pF) = 44.6 ---» Lb FIES
Lb (uH = 0.864 R1 | Load
delSEa T o 2 R D T A S g s S
SCLUTI ON 2. o--- La --------- 0
I
""""" I
La (uH = 0.631 --->» Cb --->»
Cb (pF) = 43.2 R1 : Load
delta g e O e o PO i Sl e T e e

The differences between the ZL1LE approach and the others that we have encountered show up once we work with 3-
component networks. Let's begin with the low-pass Pl (Cp-Ls-Cp). In the text-grab below, the component graphics do not
show correctly. As well underlines appear instead of the omega for Ohms and the delta for the effective or network Q.

Pl - COUPLER TRANSVATCH DESI GN

L
Rl »------- memeee- » RL
i nput | f | oad
-+ C1 = k=R G2
1 I
1 1
grnd /// 111
Transmatch Input |Inpedance RL................ 50.00 _
Bl RE S S A e e RIS e e T e o 300. 00 _
Egad=REACT;aNCOE L Rt onk < Ao st Bt onk < Sk plt Aok 100. 00 _
EEEQUENCYA S i o ng i s e b (ot b et sl o L et 30. 000 MHz
e T Lo e o o Fe e e Py i e 0.684 pH
N A e e B e e S 3 e e 1:1
SOLUTION 1: ( _[delta] = 2.9 )
A I S O G i T A e 2 35.72 pF
CaAPAGLON A G2 mmatle ., v ara Saals | e il AN 45. 64 pF
SOLUTION 2: ( _[delta] = 3.1)
CAPACIEE O O et o e g Foa i cwt o o i e S o 46. 57 pF
) G O T B e e e o o i 47.27 pF

Note that the inductor value appears above the section of the screen devoted to solutions. The reason for the placement is
that the program first calculates the maximum value of inductor, in this case 0.685 uH. Due to rounding, the program may
not always accept this value as the user input, and so, as shown above, you must select a notch lower than maximum. The
procedure has two goals. First, it allows direct calculation to the lowest feasible value of delta--2.9 in this case. However,
that goal must also coincide with the derivation of multiple solutions, if they exist. Hence, in some case, you may be able to
adjust the value of the networks required component input value and arrive at one of the two solutions with a marginally
lower value for delta.

Transmatch Design also provides calculations for the low-pass T (Ls-Cp-Ls), an underused but effective tuner network. In
this case, the program pre-calculates the minimum value for the input-side inductor. In the following text-grab, you will find
that | had to replace the minimum 0.631 uH value with 0.632 uH.

LOANPASS TEE TRANSMATCH DESI GN
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Transmatch | nput |npedance RL................ 50.00 _

Foad=Re s ipStian e Rl st e e e it 300. 00 _

oad: Rea o e e s T e P i T e 100. 00 _

B U ) Gy e e i e e ety 30. 000 MHz

o 0 S0 g b b e e e e o s i 0.632 pH

S R e T e e e e e WS i e e o el L i 1:1
SOLUTION 1: [delta]l= 2.4

G LT L O Oy o T Sy it e e AT, o 43. 20 pF

807 Y0 [ (S0 i e 0 T i S I i e o 2 g = 0.00 pH
SCLUTI ON 2:

No second sol ution

For this network, there is only one solution, and the value of delta is quite in line with values that we have seen for other
networks. Hence, despite the erroneous impression that "too many" inductors will ruin tuner efficiency, the value of delta
tells a different story. However, note that for the matching condition specified, the output inductor goes to zero. The result is
an L-C-L T that is effectively a low-pass L network.

In his original formulation of the high-pass T (Cs-Lp-Cs) network calculations, ZL1LE used equations comparable to those
used for the other 2-component networks. However, he revised his calculations following the QEX article "Estimating T-
Network Losses at 80 and 160 Meters" by Kevin Schmidt, WICF (July, 1996). [This article is often mis-referenced as
appearing in July, 1997.] For further notes on this network, see "Understanding the T-tuner (C-L-C) Transmatch" by William
E. Sabin, WOIYH, QEX (December, 1997).

ZL1LE's re-formulation of the high-pass T calculations now yield a table of values based on the inductor Q values.

H G+ PASS TEE TRANSMATCH (with finite Q inductor)

| nput >---]+--------- | +---> Load

C1 : Cc2

¥ o+

e e

VA -\

ENTER: | nput inpedance in ohns...... ? 50
ENTER. Load resistance in ohns...... ? 300
ENTER: Load reactance in ohns....... ? 100
ENTER: Frequency in MHz............. ? 30

DESI GN PARAMETERS: | R1= 50.0 _} RL= 300.0 _; XL= 100.0 _; Freq.= 30.000 M

et S e oy e e g e e e S e ey ey e e +
| Q i L(uH §  CL(pF) | C2(pF) ;Loss (dB); Eff.(% |
e P R ] e p e s SR e e B abs o e e e A e b
iInfinite | 0.699 | A7 455 A 5 ! 0. 00 l 100.0
! 250 L 0.680 | 4754 40, 22! 0. 04 : 99.0
L 200 ! O =5, AT B9k 2T 0. 05 ; 98. 8
! 150 0 0.673 | 47. 4 | 37.8 | 0. 07 : 98. 4
L 100 ! 0.665 | 47.4 | 3556z 0.11 l 97. 6
: 50 ' 0.649 | 47.4 | 33 0.22 : 95.0
e e A e S e s e o St +

Using the values for an inductor Q of 250, we can back calculate the value of delta at 2.4. The ZL1LE calculation procedure
aims directly at the lowest feasible value of delta to produce component values capable of maximum power transfer. In
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tuners--but not in all applications of networks--this is the user's goal in setting variable components.

We should pause to examine a significant question apart from the procedures necessary within each program to yield
component values for the lowest feasible value of delta. The question is simply a matter of whose calculation to believe. To
point toward an answer--without necessarily arriving at a final decision--let's catalog the values for networks where at least 2
of the programs produce solutions. We can work through the networks in order, remembering that in each case, the design
frequency is 30 MHz, the source impedance is 50 Ohms resistive, and the load impedance is 300 + j100 Ohms. The
inductor Qu is 250 and the capacitor Qu is 5000, wherever those figure may play a role in the calculations. You may
calculate the efficiency and the loss from the equations with which we began these tuner network notes.

1. High-Pass (Cs-Lp) L Network

Par anmet er TLW | np. Mat cher Trans. Design
Cs (pF) 44.8 44. 6 44. 6

Lp (uH) 0. 86 0. 863 0. 864

delta 2.4 2.38 2. 05

The only difference among the 3 is the Transmatch Design calculation of the delta value. However, the difference results
only in a 0.2% change in efficiency, an amount that would not be detectable by ordinary means of measurement.

2. Low Pass (Ls-Cp) L Network

Par anet er TLW | np. Mat cher Trans. Design
Ls (uH 0. 63 0. 631 0. 631

Cp (pF) 43. 4 43. 2 43. 2

del ta 2.4 2.38 2.38

So far, we have nothing to choose relative to the 3 programs. Perhaps there will be some significant differences among the
3-component networks.

3. Low Pass (Cp-Ls-Cp) PI Network

Par anet er TLW | np. Mat cher Trans. Design
Cp (pF) 1752 37.8 35.7 46. 6
Ls (uH 0. 66 0. 684 0. 684 0. 684
Cp (pF) 44.0 45.9 45. 64 47. 27
del ta 2.7 2.40 2.90 3.10

The Transmatch Design double solution values bracket those produced by Impedance matcher. Although the TLW values
appear on the surface to be more distant, note the 11 pF spread between the two Transmatch Design solutions. The TLW
input capacitor value is not so far out of range as it may seem, when we consider that for low values of delta, tuning is often
very broad. Had | chosen a different output capacitor value, the input capacitor value would have come into closer alignment
without unnecessarily disturbing the value of delta. Again, a few tenths difference in delta will make no significant difference
to the tuner's efficiency.

4. Low Pass (Ls-Cp-Ls) T Network

Par anet er TLW | np. Mat cher Trans. Design
Ls (Ls) ---- 0. 636 0. 632

Cp (pF) 43. 3 43. 2

Ls (uH 0. 036 0.0

del ta 2.40 2. 40

Once more, there is no significant difference between the two programs that provide results for the low-pass T network.

5. High-Pass (Cs-Lp-Cs) T Network

Par anet er TLW | np. Mat cher Trans. Design
Cs (pF) 47.6 44.2 47. 4

Lp (uH 0. 69 0. 651 0. 680

Cs (pF) 45. 0 40. 2

delta 1.6 2.40 2.40

The anomalous solution to the C-L-C T appears in the Impedance Matcher program. In the output capacitor value box, it
lists "NaN," indicating that there is no calculable value. Varying the desired Q over a wide range makes no difference to that
solution box. In contrast, the values produced by TLW and Transmatch Design are closely coincident, despite the difference
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in the calculated value of delta. (After | wrote this item, TLW incorporated revisions that should eliminate differences in the
calculation of delta.)

In the end, there is little to differentiate the final calculations among the 3 styles of network calculation programs. The main
differences lie in the approach to the calculations. For network calculations that aim directly at the lowest feasible value of
delta, perhaps Transmatch Design is the most straightforward. However, its GW Basic format is far less convenient than the
Windows format used by TLW.

In addition, TLW provides extensive information about probable component losses as well as the total tuner loss. It also
supplies the peak voltages across capacitors and the RMS current through inductors--for the power setting chosen--as a
guide for safe design or use of the tuner. Consequently, as a package, TLW may be the most complete tuner analysis
program around, even if the user must fish a bit to arrive at the lowest effective Q or delta.

Since the three programs are no cost items (or for TLW, a no-cost extra), you can afford to have all of them available in
order to use each where it may be strongest. As well, both TLD and TLW provide complementary coverages of transmission-
line analyses at no cost to the user. In essence, then, we have a suite of calculation programs that can go a long way

toward giving us a complete picture of what is occurring electrically between the antenna feedpoint and the transceiver input/
output. What the birds and weather may be doing to the system is another matter entirely.

Updated 01-01-2005. © L. B. Cebik, WARNL. This item first appear in antenneX for December, 2004. Data may be used for
personal purposes, but may not be reproduced for publication in print or any other medium without permission of the author.
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