Experiments in Optimization
Applied to
Antenna Impedance Matching



The Intersection of
Two Evolving Disciplines

Antenna “Q”
Physics

Antenna Q is part of a search
for an efficient, but electrically
small antenna.




Presentation Outline

Introductions
The basic L, T, and Pi circuits
What governs antenna impedance bandwidth

Brief overview of well-known impedance matching technigues

Simple impedance matching circuit topologies

Introduction to Nature-Inspired Optimization Algorithms

Introduction of ZNET Optimization Algorithm

* Examples results using monopole, dipole, delta loop, and Yagi antennas;
® Resonant and non-resonant antennas, multi-band equalizers, circuit topology “pruning” algorithm.
e Lumped LC equalizer circuits, and distributed element (transmission line) equalizer circuits.

Lessons Learned (so far), and future developments.



Scope and Objective

The scope of this presentation is intended for amateur radio enthusiasts.

e Rigorous antenna Q, Maxwell, Kuroda, Chu, Fano, Gewertz, Hurwitz,
Brune, Youla, Gauss, Newton, Powell, Hessian, Jacobian, et al equations
will be avoided.....

e But, the above are helpful to understand the problem.

The objective of these experiments is;

e Learn something new about mathematical optimization techniques.



Preliminaries, Definitions,
and Clarifications

Single Match vs. Double Match

e All examples shown here are Single Match; the source is 50+j0 Ohms.

Singly-Terminated Networks vs. Doubly Terminated Networks

e All examples shown here are Doubly-Terminated Networks

Circuit diagrams direction;

e Many RF circuit design textbooks draw circuits from source left to load
right, but

e Many Smith Chart tools (e.g. SimSmith) draw circuits from load left to
source right.

e Both will be shown here.
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Equalizer Block Diagram

50
Ohms
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. Complex Antenna
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-+— < |
Pinput refl I:)Ioacl refl
Zin equalizer Zin antenna
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TPG = Transducer Power Gain TPG = p
aS

. o 14 1 —_
An ideal, “lossless” equalizer P, 4 = P,s

Thomas R. Cuthbert, Jr., PhD, Broadband Direct-Coupled and Matching RF Networks, TRCPEP
Publications, Greenwood, AK, (1999), pp.2-4.

n «u

An excellent description and comparison of “power gain”, “transducer gain”, and “available gain”
terms is available Power, Transducer, Available, and Insertion Gains Defined from Maury
Microwave, http://www.maurymw.com.
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source

source

Enter the “L” Tuning Equalizer

iixtii————antenna source ———————i>x<i: antenna
7/£ RSOUFCG > Rantenna HIOW pass L” 7/£ RSOUFCG< Rantenna

antenna

\H\ antenna source
WL - ” i source antenna
hlgh pass L RSOUFCG< Rantenna
The “L” can also be two inductors, or two capacitors.

Selection of L circuit topology governed by impedance values (location on Smith Chart),
VA3IUL offers a graphic summation of “L” circuits and applicable Smith Chart zones at

www.gsl.net/va3iul/.
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Smith Chart of L Equalizer Added to 80 meter
% N Inverted V Wire Dipole Antenna
(L equalizer at radio, then 100 feet LMR400 coax to antenna)
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Smith Chart of L Equalizer Added to 80 meter
% N Inverted V Wire Dipole Antenna
(100 feet LMR400 coax from radio, L equalizer at antenna)
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Common Amateur Radio
Antenna Equalizers

3 element, High-Pass “T” circuit
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A“T"is Two “L"’s
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The impedance of the “virtual R” is greater than the impedance at either end, i.e.
“step up”, then “step down”.

B.K. Chung, “Q-based design method for T network impedance matching”,
Microelectronics Journal 37 (2006) 1007-1011.

16



Common Amateur Radio
Antenna Equalizers

3 element, Low-Pass “Pi” Tuner circuit
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A “Pi” is Two “L’s
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The impedance of the “virtual R” is less than the impedance at either end, i.e.
“step down”, then “step up”.
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R, X, Z, and Phase of 80 meter ¥2 A Inverted V
Wire Dipole Antenna Plus Equalizer Networks
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Initial Questions

What governs the impedance match
bandwidth of an antenna across a
whole frequency band?

How to desigh such an antenna
impedance equalizer?




What Governs the
Impedance Match?

e Antenna Q, “Q,,..”,
e Match Bandwidth, “Qg,,”,
e L & Ccomponent Q_,

e Number of equalizer
circuit elements.

Randy Rhea created a CD “Q from A to Z”
available from http://www.scitechpub.com.
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Antenna Q and Impedance
(active subjects in recent literature

240 IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 63, NO. 1, JANUARY 2015

Antenna Q and Stored Energy Expressed in the
Fields, Currents, and Input Impedance

Mats Gustafsson, Member, IEEE, and B. L. G. Jonsson

Abstract—Although the stored energy of an antenna is instru-
mental in the evaluation of antenna QQ and the associated physical
bounds, it is difficult to strictly define stored energy. Classically, the
stored energy is either determined from the input impedance of the
antenna or the electromagnetic fields around the antenna. The new
energy expressions proposed by Vandenbosch express the stored
energy in the current densities in the antenna structure. These ex-
pressions are equal to the stored energy defined from the difference
between the energy density and the far field energy for many but
not all cases. Here, the different approaches to determine the stored
energy are compared for dipole, loop, inverted L-antennas, and
bow-tie antennas. We use Brune synthesized circuit models to de-
termine the stored energy from the input impedance. We also com-
pare the results with differentiation of the input impedance and the
obtained bandwidth. The results indicate that the stored energy
in the fields, currents, and circuit models agree well for small an-
tennas. For higher frequencies, the stored energy expressed in the
currents agrees with the stored energy determined from Brune syn-
thesized circuit models whereas the stored energy approximated
by differentiation of input impedance gives a lower value for some
cases. The corresponding results for the bandwidth suggest that
the inverse proportionality between the fractional bandwidth and
Q-factor depends on the threshold level of the reflection coefficient.

new expressions by Vandenbosch [7] are useful as they express
the stored energy in the current density on the antenna structure.
This has been shown to be instrumental in the analysis of small
antennas [8]-[11] and also for antenna optimization [11]-[13].
The expressions have been verified for wire antennas in [14]
and applied to characteristic modes in [10]. One minor problem
with the proposed expressions is that they can produce nega-
tive values of stored energy for electrically large structures [9].
Alternative definitions and derivations of the stored energy are
presented in [10], [15]20].

In this paper, we investigate the stored electric and magnetic
energy expressions recently proposed by Vandenbosch [7]. We
compare these expressions with the stored energy defined from
subtraction of the energy density by the energy density in the
far-field term [16]. The results provide a new interpretation of
Vandenbosch’s expressions [7] and explain the observed cases
with negative stored energy [9]. We use Brune synthesis [21]
to construct equivalent lumped circuit models from the input
impedance, over a wide frequency band to accurately account

22



Some Representative Impedance
Matching Design Approaches

Smith Chart Graphical Approach

Fano “Classical method”

Simplified Real Frequency Technique (SRFT)

e H.J. Carlin, B.S. Yarman, W.K. Chen, P.L.D. Abrie;

e Curve fitting for Hilbert Transform, Gewertz polynomial manipulations,
Brune circuit synthesis.

Direct Search Minimax Optimization Algorithms

e Local vs. global search of solution space,
e Constrained vs. unconstrained variables,
e Deterministic vs. stochastic algorithms.
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Some Representative Impedance
Matching Design Approaches

Smith Chart Graphical Approach

Fano “Classical method”

Simplified Real Frequency Technique (SRFT)

e H.J. Carlin, B.S. Yarman, W.K. Chen, P.L.D. Abrie;

e Curve fitting for Hilbert Transform, Gewertz polynomial manipulations,
Brune circuit synthesis.

Direct Search Minimax Optimization Algorithms

e Local vs. global search of solution space,
e Constrained vs. unconstrained variables,
e Deterministic vs. stochastic algorithms.
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Smith Chart Graphical Approach

Capnaiied fetvierial

ELECTRONIC
APPLICATIONS OF

THE SMITH CHART

ANTENNA
IMPEDANCE MATCHING

PHILLIP H. SMITH

£y
Wilfred N. Caron, 1989 Philip H. Smith, 1995

Anthony A. R. Townsend, The Smith Chart and its Applications, is available online at no cost from
http://www.ie.itcr.ac.cr/acotoc/Ingenieria/TEM%2011/Material%20Vario/Smith _Chart Book Complete.pdf.
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Increasing the Number of

Circuit Elements
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R.W.P. King, Transmission Line Theory, McGraw-Hill, NY (1955) provides details of impedance matching using the Smith Chart.



Multi-L Tuning

Can get more of the antenna inside the VSWR=2 boundary circle.

27496 MHz
SUIFR=1 032
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Frequency Sweep of Multi-L Tuning
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Some Representative Impedance
Matching Design Approaches

Smith Chart Graphical Approach

Fano “Classical method”

Simplified Real Frequency Technique (SRFT)

e H.J. Carlin, B.S. Yarman, W.K. Chen, P.L.D. Abrie;

e Curve fitting for Hilbert Transform, Gewertz polynomial manipulations,
Brune circuit synthesis.

Direct Search Minimax Optimization Algorithms

e Local vs. global search of solution space,
e Constrained vs. unconstrained variables,
e Deterministic vs. stochastic algorithms.
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Famous Papers by R. Fano (1948)
and H. Wheeler (1950)

Theoretical Limitations on the Broadband Matching| | Wheeler laboratories, Inc. Page 12. Hﬂpﬂr;ﬂ:ia
i Neck, N. ¥, 500518
of Arbitrary Impedances Great Neck,
R. M. FANO

With practiecal tolersnces on the added reactance arms, there 1a an
optimm number of added tuningas, such that a greater number would

increase the reflection ratio by their telerances more than they would
decreasse 1t by the theory.

Fig. 11 = The veariation of reflection ratio with bandwidth,

TECHMICAL REPORT NO. 41

Janvary 2, 1948
I
L
wp = B ] —
- —4 1
W g - — i
[e]

= WOMINAL FILTER BANDPWIDTW
SATTH = iy

RESEARCH LABORATORY OF ELECTROMICS
MASSACHUSETTS INSTITUTE OF TECHNOLOGY

“Wideband Impedance Matching”, 1950
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Return Loss and Q factors with
Number of Circuit Elements
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M. Gustafsson, “Bandwidth, Q Factor, and Resonance Models of Antennas”,

Progress In Electromagnetics Research, PIER 62, 1-20, 2006.
32



Fano Limits on Matching Bandwidth

Robert C. Hansen

. C. Hamsen, Inc.
PO Box 510215, Tarzana, CA 91357
Telk +1 {818} 34507 70; Fax: +1 (818) 3451258

Feywonds: Impedance maiching; O facior, uning; mulifrequency anbennas

opez [1, 2] has exsmined the fundsmemal limis on maiching,

der ved mose than 30 yesrs ago by R. M Fano, and hss pso-
vided a simple formala. However, Mathael Young, and Jones [3],
m fheir 1964 iresiize, gave solbons ko the simulianecus equations.
develaped sy Fano [4-6]:

tanhna  tanhak

L 13
cosha cosh b (13
cosh ab =T eoshae {14}
u'nhb:ainhﬁ—id-'ah%. {15)

Here, there are n matching seetions {including the antenns a5 one),
& bk decrement { § & 1/ of the load 2t band sdges), and 2 and &
are mramelers o be determined. I g ibe mflection coefficient
These anwlianeous equitions were solved by Matthsei et al, with
resuly presernied in grphical form. Subsequently, 1 used Nawion
Raphson [7] 1o obidn precise velues of a and b for both equal-
rpple VEWR _ 2, and VEWR _ 53838 (balfpower) caes. For
VEWH _ 2, Tshle | glves valus of a, k, and & . Mok thai =1 i3
for the zmenm slone. Corsponding velues for halfpower
(VEWR _ 5828) are given in Table 1. The bandwidd improve-
ment factor i just & for =1 divided by § for &1, Tehled,
from Hansen [8], gves these bandwidih-improvement fazionm.

Coefficients o &nd &, mukiplied by o, are given by Lopez [1]
in Tahle 2. These do nol mateh the exact valoes of my Teble | or
Table 2; Lopez doss not state what value of YEWR his coefTicienis
ane for.

KEEE Anfevias and Fropagehon Magerive, Wol 47, Na 3, June 2000

Typcally, an electrically small asenna represents one reso-
nant eircudt; an sdditions] metching elrcuii doubles the hel -power
bandwidh, of increases the WEWER =2 bandwidih by 231, A sec-
ond matching eircult mekes & signifiesnt improvement far 4l
VEWER; however, mae cimuils oflfer diminshing mums. The
limeil, waeng meny maching cicuis, is only & fetwor of 32 for half-
power, of 1.8 for VEWH = 2. These resulis are 2l for lossless
maiching ¢ireanis bay clrenits will, of cowse, inctease the band-
widih and decresse the efficiency.

Table 1, Vahees of a, &, and § for VEWR = 2,

n & | [ i

| 181845 | 12745 1313133
2 103172 | 0768 AT738
3 Je4T4 | 36693 ABSTY
4 A2112 , 33112 42416
5 S28%8 | ey AlR64
- [i] i T

Tabde 2. Valueaof 2, b, snd & for VEWH 5828,

a | a i i)

1| 114622 | 65848 15355
2 | vedre | sed1e | ipdla
1 T 50082 | 47440 | 14304
4 S{nG4 A1 132407
E] AMEL | 2 | @
o o | 4 NICER
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Some Representative Impedance
Matching Design Approaches

Smith Chart Graphical Approach
Fano “Classical method”

Simplified Real Frequency Technique (SRFT)

e H.J. Carlin, B.S. Yarman, W.K. Chen, P.L.D. Abrie;

e Nonlinear least squares curve fitting for Hilbert Transform, Gewertz
polynomial manipulations, Brune circuit synthesis;

Direct Search Minimax Optimization Algorithms

e Local vs. global search of solution space,
e Constrained vs. unconstrained variables,
e Deterministic vs. stochastic algorithms.
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SRFT Beginnings

Herbert J. Carlin, Cornell University

170 IEEE TRANSACTIONS ON CIRCUITS AND SYSTEMS, VOL. CAS-24, NO. 4, APRIL 1977

A New Approach to Gain-Bandwidth Problems

HERBERT J. CARLIN, FELLOW, IEEE

Abstract—A new idea for treating the broad-band matching of am
arbitrary load to a resistive generator leads to a simple technique for the
design of a lossless 2-port equalizer. The method is a numerical one, and
only utilizes real frequency (e.g., experimental) load impedance data. No
model or analytic impedance function for the load is necessary. Nor is the
equalizer topology or analytic form of the system transfer function
assumed. The arithmetic is well conditioned and the intricacies of gain-
bandwidth theory are bypassed. An example comparing the method with
analytic gain-bandwidth theory is given. Two examples proceeding directly
from experimental data are presented. One is the broad banding of a
microwave avalanche diode reflection amplifier. The other is the gain-
bandwidth equalization of a microwave FET amplifier for gain taper and
impedance mismatch.

ear combinations. Furthermore, such direct optimization
requires a specific assumption of equalizer topology.

TECHNIQUE FOR BROAD-BAND MATCHING USING
REAL FREQUENCY LOAD DATA

The technique proposed here is a numerical method
which utilizes the real frequency load data Z,(jw)= R,(w)
+jX,(w) (or, equivalently, Z,”'(jw)=Y,(jw)= G (w)+
JB,(w)) over the band of interest. No model is assumed
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BROADBAND MATCHING A COMPLEX GENERATOR
TO A COMPLEX LOAD

A Thesis
Presented to the Faculty of the Graduate School
of Cornell University
in Partial Fulfiliment for the Degree of

Doctor of Philosophy

by
Binboga Siddik Yarman

January 1982
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SRFT First Steps

Ohms
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-15

25

Yarman Short Monopole Example

20

15
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R( Ohms)
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0.0

000

20.0

000

40.0

000 60.0000 \ 80.0

000

100.

D000

120.

D000
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Curve Fitting the R values

Yarman Monopole Example

=R (Ohms) —— Poly. (R (Ohms))

2500000 0 =6 0008x5- 0.0247x5 + 0.2688x* - 1.0878x + 0.9397x2+ 2.5986x -

2.3497

20.00000
15.00000 A
Ohms 10.00000 / \\
5.00000
0.00000 ﬁ\/ ——— M

20 30 40 45 50 55 60 65 /0 /5 80 EMDD

-5.00000

Frequency (MHz)
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SRFT Circuit Design

Hilbert Transform of resistance curve fit yields reactance function.

Then, some polynomial manipulation yields Impedance function.

After some more polynomial manipulation, impedance function becomes;

2(p) = 0.144p> + 0.35p* + 0.42p3 + 0.404p? + 0.19p* + 0.517
P = 6 + 2.47p5 + 3.98p* + 5.73p° + 4.06p% + 2.5p + 0.655

After some long division and Brune circuit synthesis becomes;

50 Ohms 11.1 nH 9.277 nH 2.453 nH
—\VV 000 000" 000
538.9 pF 746 pF 219 pF
@ g E T P T P e Short
monopole

12.6:1 transformer



SRFT Techniques Textbooks

DESIGN OF

U RIA WIDEBAND

SFER NETWORK

Design of Ultra |
Wideband Antenna
Matching Networks

Wia Simglified Real Froquency Technique

B.S. Yarman, 2010 B.S. Yarman, 2008
(MATLAB) (MATLAB)

Complete updated MATLAB source code for Real Frequency Technique can be downloaded from
http://www.siddikyarman.com/?author=1
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SRFT Techniques Textbooks

e lagag a1 COMPUTER-AIDED DESIGN

mhﬂﬂ OF COMMUNICATION
IHG: NETW! ;

THEOEN AlD NETWORKS

IMPLEMENTATION

[l i ] Yi-Sheng Zhu

Wai-Kal Chen

W-K Chen

1988 1993 2000
(FORTRAN)

W.K. Chen
University of lllinois at Chicago
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SRFT Techniques and Other Textbooks

Pieter L. D. Abrie

RF and
MICROWAVE
AMPLIFIERS
and OSCILLATORS

P.L.D. Abrie, 2009

(.exe)

A history of impedance matching techniques by

Thomas R. Cuthbert is available online at no cost at;

http://ethw.org/History of Broadband

Impedance Matching

In addition, there are other analytical techniques,

e.g. “H-Infinity”

by W. Helton @ UC San Diego.

Classical Control
Using H* Methods

Theary, Optimization, and Design

A @
:

Ffélton Merino
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Results Using SRFT
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MATLAB RF Toolbox
SRFT Optimization Results

Antenna

\‘\
TPG Results Using MATLAB Toolbox

. \ Power delivered to load
SOURCE MATCHING - 0 T | T T —— P

- / - —~ - —
i— NETWORK {__ \ / . A ~ —

Input reflection Load reflection
coefficient coeffecient

Figure 1: Impedance matching of an antenna to a source

Optimized network .
Mo matching network

+1.0

Magnitude {decibels)
&

B .
101 _\_‘_"‘—\-\_._\__‘_\_\_\_\_\ .
Az I I I I I I

280 300 320 340 360 380 400 420

Freq [MHz]

1.0
Retrieved from “Designing Broadband Matching Networks (Part 1: Antenna)”,
http://www.mathworks.com/help/rf/examples/designing-broadband-matching-networks-part-1-antenna.html
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Yarman’s SRFT Circuit Solution
for the Short Monopole

L A, m B L A D o F ’—H_‘C H M =
- = LIE € Lr
R=1 R =0.38567 R=042054 R=043424 R = 046338 R =1.9301 R =119378 R =24 541 SWH =4729
Ho=-43999 H=-27735 H=42008 H=-42467 H=15822 H=2754 H=42958 Ho=54 404 M=0651-79
«—dBW -0 7287 —dBWW -0 7226 —dBWy -0 3467 «—dBWy -0.3037 —dBWW -21 62m —dBW -17.31Tm —dBW 225 2n B ~[
VAZ4 14909195 VA4 148065709 WV A=10331482 VA=62552932 VA=BL421465 VA=24160818 wA=1108,07184 * A=12.053.835n
1lobms 219p|F 1. 1nH T46p|F 9.277nH 538.9p[F 2.4538n|H 5|Hr | 00|MHz
A dliohms K| 200 ity o] 200|Q K| 200 o|lc 50|Z0
Yarman.s1p file oj@mMHz OfE@mHz Of@mHz 0|@mHz 0f@mMHz Qj@MHz | simplified (Mdl shitch |V
0.281|M Ola
0|b
12.66:1 oe
0|d
transformer L Pt [Pt

“LPP6 circuit topology”




Yarman’s SRFT Short Monopole Solution
VSWR 20 MHz to 100 MHz
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Communications

IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 37, NO. 4, APRIL 1989

Design of a Matching Network for an HF Antenna
Using the Real Frequency Method

OMAR M. RAMAHI, MEMBER, IEEE, AND RAJ MITTRA, FELLOW, [EEE

Abstract—The real frequency method (RFM) is used to design a
matching network for an electrically short loaded dipole. The RFM is
demonstrated to be superior than other analytical and numerical
techniques in the sense that it yields the maximum flat transducer power
gain possible, and that is does not require any analytical modeling of the
load impedance to be matched. For this reason, the RFM is found to be
well suited for matching distributed systems such as antennas.

I. INTRODUCTION

Altshuler [1] showed that the dipole antenna can be considered as
an open-ended transmission line, and, thus, one could excite a
traveling wave along the antenna by placing a resistance equal to the
‘‘characteristic resistance’’ of the antenna at a suitable location along
the antenna. Based on these findings, Halpern and Mittra [2]
employed the Numerical Electromagnetic Code (NEC) to obtain
significant improvement in the matching bandwidth of a dipole
antenna; however, they found that the lumped loading approach
enables one to improve the bandwidth over only a portion of the HF
band. Wheeler [3] and Chu [4] have shown that the matching
bandwidth of small antennas is subject to fundamental limitations that

ara ralatad ta tha affastivae valima of tha antanna Cancarmently for

loaded dipole antenna. The RFM is numerical, and its most important
feature is its capability to work with either experimental or numeri-
cally simulated impedance data, and it does not call for any analytical
description of the impedance function that is being matched. In the
next section we present a summary of the RFM theoretical
formulation.

II. REAL FREQUENCY METHOD

The broad-band matching problem considered in this study is the
design of a lossless two-port network that couples a load to a resistive
generator, as shown in Fig. 1, such that the power delivered to the
load is maximized over the frequency band of interest. The problem
is readily formulated by dealing with the transducer power gain
(TPG), which is defined as the ratio of the power delivered to the load
to the power available at the generator. The TPG is expressed as
follows:

P, AR.R,

TPG:T(W)=P_M_|_ZW '

(1)

For an ideal match, the error function |1 — TPG| is minimized
over the frequency band of interest. It is important to emphasize that
the resulting design will be optimum in the sense that the transfer
function of the matching network approximates the maximum flat
transducer power gain possible for the prescribed bandwidth and the

prescribed load.
For complete realizability of the equalizer, bolh_ thf: resistan_ce
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SRFT Limitations (2012)

High Precision LC Ladder Synthesis Part II:
Immittance Synthesis With Transmission Zeros at
DC and Infinity

Binboga Siddik Yarman, Fellow, IEEE, and Al Kilinc

Abstract—In this paper, a novel, high precision bandpass LC
ladder synthesis algorithm is presented. The new algorithm di-
rectly works on the rational form of a positive real driving point
input immittance F'(p) = a(p)/b(p) which describes a bandpass
LC ladder network in resistive termination. In the new method,
firstly, poles at p = 0 are removed from F(p), then remaining
poles at infinity are extracted. After each pole extraction, coeffi-
cients of the polynomial a(p) and b(p) are refined employing the
parametric approach to vield an exact bandpass LC ladder which
in turn prevents the accumulation of the numerical errors in the
course of synthesis. Thus, at the end of synthesis process, a band-
pass LC ladder is obtained with high numerical precision.

Index Terms—Darlington’s driving point immittance synthesis,
lowpass LC ladders, matching network synthesis, network syn-
thesis, real frequency techniques.

In principle, an LC ladder synthesis is achieved by means of
a straight forward long division process of an immittance func-
tion. At each step. a pole at DC or infinity is removed. After
each step, degree of remaining function is reduced. This process
continues until we end up with a constant term. Extracted poles
are called the zeros of transmissions. Due to severe accumu-
lated numerical errors, after a few steps, such as 5 or 6, pole ex-
traction process with degree reduction may fail because of divi-
sions by zero (or under flows). At this point. we have no longer
LC ladder form. Therefore, we need a reliable and numerically
robust algorithm to synthesize immittance functions. Unfortu-
nately. over the years, we have suffered due to the lack of such
trustable synthesis algorithm. Recently, we have come up with
the idea of correcting immittance functions to warrant ladder

Also see Accuracy and Stability of Numerical Algorithms by Nicholas J. Higham, Published by SIAM (Society for Industrial and

Applied Mathematics), Philadelphia (1996).




FILTER LOAD EFFECTS, ABSORFTION,
AND LOADED=( DESIGN

A Dissercacion PFresented to the Graduate Faculty of

the Scheol of Engineering & Applied Science
af
Southern Hethodist University
in
Fareial Fulfillment of the Reguirements
for the degree of
Doctor of Philosophy

with a

Major in Electrieal Enpineering

by

Thomas Remy Cuthbert, Jr.

{

July 20, 1%80

{6.5.E.E., Georgia Institute of Technology. Arlanta,
M.5.E.E., Southern Mecthodist University, Dallas, 1966)

1959)
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Some Representative Impedance
Matching Design Approaches

Smith Chart Graphical Approach

Fano “Classical method”

Simplified Real Frequency Technique (SRFT)

e H.J. Carlin, B.S. Yarman, W.K. Chen, P.L.D. Abrie;

e Curve fitting for Hilbert Transform, Gewertz polynomial manipulations,
Brune circuit synthesis.

Direct Search Optimization Algorithms

e Local vs. global search of solution space,
e Constrained vs. unconstrained variables,
e Deterministic vs. stochastic algorithms.



Some Representative
Optimization Algorithms

Nelder-Mead )
Hooke-Jeeves

Powell

Fletcher
Fletcher-Reeves
Newton-Raphson
Levenberg-Marquardt
Multi-Directional Search
Implicit Filtering *
Quasi-Newton
Gauss-Newton

Dividing Rectangles (DIRECT),

Generalized Reduced Gradient
(GRG2)

Source code available from

http://www4.ncsu.edu/~ctk/iffco.html

Classical

Ant Colony

Artificial Bee Colony
Bat Algorithm
Cuckoo Search
Differential Evolution
Firefly

Wolf Search

Central Force Optimization
Gravitational Search
Particle Swarm

Simulated Annealing

Wind Driven

Shuffled Complex Evolution
Swarm-Firefly

DEPSO

Invasive Weed

Nature-Inspired



http://www4.ncsu.edu/~ctk/iffco.html

Direct Search Optimization Algorithms

SIAM REVIEW (©) 2003 Society for Industrial and Applied Mathematics
Yol 45, No. 3, pp. 385482

Optimization by Direct Search: New
Perspectives on Some Classical and
Modern Methods*

Tamara G. Koldal
Robert Michael Lcwi.ﬂll
Virginia Torczon?

Abstract. Direct search methods are best known as unconstrained optimization techniques that do
not explicitly use derivatives. Direct search methods were formally proposed and widely
applied in the 1960s but fell out of favor with the mathematical optimization community
by the early 19705 because they lacked coherent mathematical analysis. Nonetheless, users
remained loyval to these methods, most of which were easy to program, some of which were
reliable. In the past fifteen years, these methods have seen a revival due, in part, to the
appearance of mathematical analysis, as well as to interest in parallel and distributed
computing.

This review bepgins by briefly summarizing the history of direct search methods and
considering the special properties of problems for which they are well suited. Our focus
then turns to a broad class of methods for which we provide a unifying framework that
lends itsell to a variety of convergence results. The underlying principles allow general-
ization to handle bound constraints and linear constraints, We also discuss extensions to
]Jl'[)lil‘“f”.‘i \\-'iT-.I'l ”(}”l‘l'l“!-'if' l'llllﬁ1.|'-"]-|f|T-H_

Key words, nonlinear programming, nonlinear optimization, direct search, pattern search, simplex
search, positive bases, global convergence analysis, local convergence analysis, generating

sel search

AMS subject classifications. 900C56, 90030, 65K05

DO 10,1137 /500361 44502428893

52



Finding the Global Minimum
Easy in a Smooth Convex Landscape
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Finding the Global Minimum

Not So Easy in a Not So Smooth Landscape

T
%‘:.ij; =

=
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VSWR Measurement Data
from AIM 4170
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Measurement “Noise” in
Measured VSWR
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But........which algorithm?

IEEE TRANSACTIONS ON EVOLUTIONARY COMPUTATION. VOL. 1. NO. 1. APRIL 1997 67

No Free Lunch Theorems for Optimization

David H. Wolpert and Willilam G. Macready

Abstract—A framework is developed to explore the connection
between effective optimization algorithms and the problems they
are solving. A number of “no free lunch” (NFL) theorems are
presented which establish that for any algorithm, any elevated
performance over one class of problems is offset by perfor-
mance over another class. These theorems result in a geometric
interpretation of what it means for an algorithm to be well
suited to an optimization problem. Applications of the NFL
theorems to information-theoretic aspects of optimization and
benchmark measures of performance are also presented. Other
issues addressed include time-varying optimization problems and
a priori “head-to-head” minimax distinctions between optimiza-
tion algorithms, distinctions that result despite the NFL theorems’
enforcing of a type of uniformity over all algorithms.

Index Terms— Evolutionary algorithms, information theory,
optimization.

information theory and Bayesian analysis contribute to an
understanding of these issues? How «a priori generalizable are
the performance results of a certain algorithm on a certain
class of problems to its performance on other classes of
problems? How should we even measure such generalization?
How should we assess the performance of algorithms on
problems so that we may programmatically compare those
algorithms?

Broadly speaking, we take two approaches to these ques-
tions. First, we investigate what @ priori restrictions there are
on the performance of one or more algorithms as one runs
over the set of all optimization problems. Our second approach
1s to instead focus on a particular problem and consider the
effects of running over all algorithms. In the current paper

i i i i i i i




80 meter wire %2 A Inverted V Matching

28} g . .
The Pennsylvania State University Li used a genetic algorithm,
25|
The Graduate School N reported 6 hours of
Department of Electrical Engineering 22| comp utation time to com plete
% 2F an optlmlzatlon run fora 3
IMPEDANCE MATCHING OPTIMIZATION BASED ON MATLAE 181 “upi g . .
element “Pi” equalizer circuit.
106 F
14
12}
A Thesis in 13.5 3.I55 3.I5 3.I55 3.I? 3.'I|'5 3!3 ER:H
frauensy x10°
Electrical Engineering Fizue 5-21: VSWR over 3 5-3 85 MHz using Direct Search
'IJ}- . W v ey with O =] BSEF, 2= 70206, L=fa64 rH
; ; : : ; 7
Kaiming L1 B .ll'.I !
ol ! ."ll
! f
wal \ /
© 2013 Kamming L1 L .-"II
B II". ."rll
\ 7
Submitted in Partial Fulfillment e h y,
of the Bequirements 18 l'"x _;"
for the Degree of L A :
T Py
I — H-\'L\___f
Master of Science 34 3e 3f 37 i 38 P
Py i s e 10"
May 2013 Figure 5-11: VSWE over 3.4-4 MHz using Direct Search

59



A Minimum in a L Network
Landscape Minimum

BROADBAND IMPEDANCE MATCHING OF ANTENNA RADIATORS

by

Vishwanath Iyer

A Dissertation
Subnutted to the Faculty
of the
WORCESTEER. POLYTECHNIC INSTITUTE
mn paraal fulfillment of the recuurements for the
Degree of Doctor of Phulosophy
m
Elecmeal and Computer Engineenng

Angust 2010

lyer also used a genetic
algorithm, reported 4 hours of
computation time was required

to complete an optimization
run for a “L-T”, 5 element
equalizer circuit.




Introduce “ZNET” Design Tool

Accepts industry standard Touchstone file format “.s1p” files that represent load

(antenna) electrical impedance data; frequency, resistance, and reactance.

e File data from any of;
* EM or circuit simulation design tools (e.g. NEC, SPICE, FDTD, etc.), or
e SWR meter or VNA measurements (e.g. AIM 4170), or
* TDR measurements with RLGC parameter extraction software.

User selects canonical circuit topology

e e.g. “low-pass”, “band-pass”, “high-pass”, “PiLPiC” etc.,
* ZNET uses “real-life” components with User-supplied unloaded component “Q,” data.
¢ All components are fixed values, i.e. no variable components to “tune”.

ZNET performs circuit optimization,

* modifies circuit topology if needed, i.e. includes a “circuit pruning” algorithm,
e provides simulated results with component values, performance metrics, and graphs.

61



/NET Design Approach

Modular Software

e Common front end;
e User Interface,
e Antenna data file input,

e Circuit characteristics inputs from User (e.g. circuit topology, constraints,
component unloaded Q values, RF power, etc.),

e Solution report outputs to User (component values, circuit, graphs,
comparative results metrics),

e Optimization back-end that “plugs in”;
e Plug in any optimization algorithm.

Ability to use existing optimization codes when available

e MATLAB, Python, C/C++, FORTRAN.
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ZNET Software Overview

Exploits computations performed in linear
algebra vector-matrix form.

Uses Nature-Inspired Direct Search;

e Nonlinear minimax optimization of multiple variables,
e “derivative-free”,
e Direct Search
e Global search by extending to unconstrained optimization.

A.R. Conn, K. Scheinberg, L.N. Vicente, Introduction to Derivative-Free Optimization,
Society for Industrial and Applied Mathematics [SIAM], (2009).
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/NET Testing and Verification

or, How Will | Know This is a Good Solution?

Testing Unconstrained Optimization
Software

JORGE J. MORE, BURTON S. GARBOW, and KENNETH E. HILLSTROM
Argonne National Laboratory

Much of the testing of optimization software 1s inadequate because the number of test functions is
small or the starting points are close to the solution. In addition, there has been too much emphasis
on measuring the efficiency of the software and not enough on testing reliability and robustness. To
address this need, we have produced a relatively large but easy-to-use collection of test functions and
designed guidelines for testing the reliability and robustness of unconstrained optimization software.

Also see X.-S. Yang, Test problems in optimization, in: Engineering Optimization: An Introduction
with Metaheuristic Applications (Eds Xin-She Yang), John Wiley & Sons, (2010).
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Verification of Optimization Algorithm
Performance Using Known “Benchmark” Problems
and Known Solutions
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Verification of Optimization Algorithm
Performance Using Known “Benchmark” Problems
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Verification of Optimization Algorithm
Performance Using Known “Benchmark” Problems
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Why Grid or Random Initial Search
IS Problematic

Fig. 1. Funchons with sizmficant mull-

Fiz. 4. Funchions with a huge number of
sigmificant local optima.

N. Andrei, “An Unconstrained Optimization
Test Functions Collection”

Advanced Modeling and Optimization,
Volume 10, Number 1, 2008.

. m . . Fig, 6. Functions whose global structure
flg-:.fl.}ncﬁunzvﬁth:lma_ﬂnmb&ruf provides no useful inf tiom sbont its
sigmficant local optima. npiimam_ma 69



Example Equalizer Circuit Topologies
and Nomenclature

Low Pass Equalizer Circuit Topology.

Low Pass Parallel to Load 8 elements....”LPP8”.
| 000 000" 000" 000— |
radio = == - T | antenna
|
Band Pass Equalizer Circuit Topology.
Band Pass Parallel to Load 8 resonators....”BPP8”.
— 000 | 000 | 000 | 00— |
radio E T E T E T T | antenna
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B.L. Robertson, Direct Search Methods for Nonsmooth Problems Using Global Optimization Techniques, Ph.D. dissertation,

Halton Sequence

University of Canterbury, Christchurch, New Zealand, 2010.




/NET Accepts FRX &

Touc

Freq

3.5000
3.5125
3.5250
3.5375
3.5500
3.5625
3.5750
3.5875
3.6000
%k %k %k %k %k Xk
3.9250
3.9375
3.9500
3.9625
3.9750
3.9875
4.0000

63.9374
64.7067
65.4829
66.2661
67.0562
67.8533
68.6575
69.4689
70.2874
%k %k %k %k %k %k %k
94.2681
95.302

96.3448
97.3965
98.4573
99.5273
100.606

X

-85.0664
-81.0424
-77.0252
-73.0144
-69.01

-65.0117
-61.0194
-57.0327
-53.0517
%k %k %k %k %k k %k
49.0936
52.9923
56.8904
60.7882
64.6857
68.5832
72.4809

nstone .s1p Formats

Data represents antenna impedance
as a function of frequency.

Data can be acquired from VNA or
SWR meter, or be calculated using
antenna simulation software.

Spreadsheet can be used to convert
data files types, and to compute initial
performance metrics.



An 80 meter %2 A Inverted V Wire Antenna

3D Viewer (F3) [ 80m v.out]
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/NET High-Pass “T” and 80 meter
Inverted V Wire Dipole Input Screen

[ octave 364 ESE=-C)

Broadhand Impedance Matching Direct Search Optimizer

William M. Brooks

Hi-Pass T Algorithm

Z ad

Enter the antenna Touchstone slip file name {.sip> : 8BmUvire.sip

Number of antenna frequency—impedance samples from data file = 581 =zamples

Enter RF pouwer in the load <(default 188 Wattsd :
Enter capacitor unloaded Q@ (default = 2888> :
Enter inductor unloaded Q <(default = 288> H
Enter source impedance (default = 58 Ohms> :

Enter optimization stopping tolerance (default = 1E-5)> :

Optimization in progress




/NET High-Pass “T” and 80 meter
Inverted V Wire Dipole Output Screen

[ octave-3.6.4 |£|El_g—hj )

Optimization completed?

Number of function evaluations 3a68

Number of obhjective iterations 182
Optimization computation time = 4_.38 seconds
Convergence = @

The optimizer converged to the tolerance 1i

TPG Objective Score= B.714879

[}
@
9

RF Load Power = 188.88 Uatts

C1 = 895.58 pF
3354.18 nH
C3 = 557.52 pF

Antenna G = 7.40

Qhw = 7.48

Fano decrement = 1.81

Estimated Fano bandwidth = 1.447 MH=z
Fano USYR minimum = 1.89

minimum matched USWR = 1.5%

maximum matched USWR = 2.84

maximum Egqualizer Match Loss = 8.27 dB

Capacitor ratio 1.61

Inductor ratio = 1.80




An 80 meter % A Inverted V Wire Antenna

with High Pass “T” Equalizer Circuit Topology

L B I C G
I
R = 80.688 R=80.712 R=70.017 R =70.056 SWR =1.612
X =-56469 X=-53.014 X =55931 X=-20266 T[=0234--357
«<dBW-0.2802 «dBW-0.2789 «dBW-0.2473 +dBW-0.2449
V,A=8.719,0.1078 V.A=5.106,0.1078 V,A=1041,0.1317 V,A=8.85,0.1162
80.68/ohms 896p|F 3355nH 557p|F 3.75MHz
-5.647jiohms 2KQ 2001Q 2K|Q 50[Zo
Bomvinire = 1p (file 3.75/@vHz 3.75/@WHz 3.75/@wHz \
Ofa
[u]=}
Ojc
0|d
Pit
< ‘ £t | < = ‘ =g | el
prev closest \ next
unDao | | reDo
type numPnts from to name Sweep
[lin 1 34| A GMHz | vy |
\ B0mviwire.sTp H clr \ L file | n \
’j I T i
= T 5
B (o i = T
T T s
=1
7
L o Hpe
P1 N Pz 1 S 2 LI% Lr W

SWR
5.5

4.5

3.5

2.5

15

QD]
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An 80 meter % A Inverted V Wire Antenna
with High Pass “T” Equalizer Circuit Topology

3.76 MHz
SWR=1.608
M=0.2332-36.3

Z=69.7-j204
Y=13.2m+j3.86m



An 80 meter % A Inverted V Wire Antenna

with High Pass “T” Equalizer Circuit Topology
and Path

Note the path taken

SWR=1.612
[=0.2342357
7=70.1-20.3
Y=132m+3.81m




An 80 meter %: A Inverted V Wire Antenna
with Low Pass “Pi” Equalizer Circuit Topology

file savelmages captures library standards references help notes

L B C G
1y
l h SWR
T
T 10
R = 8069 F =8.628 R =82845 R=13575 SWR =1.748
Ho=-5847 H=-2409 H=18.16 H=-192 T=0272z-114 Q
tdBvY -0.119 tdBvY -28 61 tHdBW -16.13 tdBWY -28.88
W A=BBA2 01088 WA=BBA203088 WV A=1450336 VA=RF7H7 03812
80.649|ohms 1481p|F 183 1nH 23B4p|F 3.75[MHz s
-5.647|johms 2K]Q 200/Q 2K 50|70
a0m\idide =1p [file 3 75)@MHzZ 3.75/@MHz 3 75 [@hHE whitch W
Ola 7
Ofk
Olc
0l 6
Plots  |PIt
<t | << | < [ » [ > [ =»» 5
prev [ closest [ next
unDo | | relo
type numPris from to narme sweep| 4
E&ETH 300350010 §.5400006t 40450080 || G MHZ v |
[ B0rmvWide.s1p e ] L file n |
3
i ; 5
AP J—rri
T T T 1
T T g G.MHz 4 bMHz
= SWR=1.778
Q I - F=0.282-120
N < %g : feATBTE] Z=33.917.9
N il HABElG 3.78 MHz Y=23.1m+j12.2m




An 80 meter % A Inverted V Wire Antenna
with Low Pass “Pi” Smith Chart

Note the path taken.

3.75 MHz
SWR=1.622
M=0237«-7.7
Z=80.5-j5.45
¥=12.4m+837.5u



Using Standard Value Capacitors

L

K =150E69
#.=-0647
tdBvW -0.119

W A=8.6820.1098

B0 68)ohms

-5 64 7|johms

aomhaNide =1p [file

A E C M (>
R =H8hR2Y R =0.B45 R =235875 SWWH = 1.748
Ao=-24 94 A=18.16 A=-192 [T=02722-114
tdBWY -28 61 tdBWvY -168.14 tdBWY -28 .80
WASEESLOSNAY WV A=145 0336 W A=SBIELA3E12
1481p|F 1831nH 2384p|F 3.75|MHz
e 200[C e 50|10
3. 7E[i@MHZ 3.75[i@MHZ 3. 75)@mMHz =Mtch Y
Ola
]«
Ol
][
. Flots  |Plt
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Excel Solver Selects
Capacitor Combination

Standard Capacitor Combination
Optimizer, WBBYVK

Standard Cap
value (pF)

Capacitor
Count

Use Excel Solver or OpenSolverin
"Data" tab

3

=

Target Capacitance (pF) =

2384 |pF

4

5

7

Computed Capacitance (pF) = I 2384 |pF

10

12

15

Quantity of Capacitors Required = I

3

15

22

20

24

27

30

33

39

43

47

30

51

56

62

65

70

75

82

91

100

QOO IQIQILIL|IQIQIQL|IL|IL|IL|ILLIE|IQ|ILQIL|ILIL|IL|L |2

Use Solver to select minimum number
of standard value capacitors to achieve
desired capacitance.

Solver is bundled with Microsoft Excel.

LibreOffice Calc has a similar Solver, also
includes a solver “DEPSO”.

A faster solver “OpenSolver” is available
at no cost from
http://opensolver.org/



http://opensolver.org/

DEPSO Optimizer

IEEE International Conference on Systems, Man & Cybernetics (SMCC), Washington D C, USA, 2003: 3816-3821

[ Source cade: hitp:/iwww adaptivebox netiresearch/fields/algorithm/pso/index_html ]

DEPSO: Hybrid Particle Swarm with
Differential Evolution Operator

Wen-Jun Zhang, Xiao-Feng Xie*
Institute of Microelectronics,
Tsinghua University,
Beijing 100084, P. R. China

*Email: xiexiaofeng@tsinghua.org.cn

Abstract - 4 hvbrid particle swarm with differential
evolution operator, termed DEPSO, which provide the
bell-shaped mutations with consensus on the population
diversity along with the evelution, while keeps the self-
organized particle swarm dynamics, is proposed. Then
it is applied to a set of benchmark functions, and the

experimental results illustrate its efficiency.

Keywaoards: Particle swarm optimization, differential

evolution, numerical optimization.

the particles oscillate in different sinusoidal waves and
converging quickly. sometimes prematurely, especially
for PSO with small w[20] or constriction coefficient[3].
The concept of a more-or-less permanent social
topology 1s fundamental to PSO [10, 12], which means
the pbest and gbest should not be too closed to make
some particles inactively [8, 19, 20] in certain stage of
evolution. The analysis can be restricted to a single
dimension without loss of generality. From equations
(1), vz can become small value, but if the p;zx;| and

[pgd-xig| are both small. it cannotback to large value and

DEPSO is bundled with the “Calc” application in LibreOffice www.libreoffice.org
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http://www.libreoffice.org/

Using Standard Capacitors

A G
prm— T — Yy / — — M
[ 1481 pF 1) 2384pF |
R =869 R=1648 R =963 R =889 R =8845 R=413% R=3652 R=3575 SWR =1.748
K =-5847 K =-3261 K=-2621 K =-2489 K=18.1§ K =-13.95 K =-18.66 H=-192) T=0272--114
tdBEw -0k19 tdBwW -30.32 tdBEWY -34 41 tdEWY 40873 tdBEW -16.13 tdBwWY -29.23 tdBEW -40 .61 tdBwY -48.85
W OA=B882 01098 WV A=888202093 v A=BBB258162m W A=888219.04m W oA=1450338 WV A=6.787 03518 W A=B7B72558m % A=B6737,3.838m
30 69|ohms 1000p[F 390p|F 91p[F 183 1n|H 2200p|F 160p|F 24plF 3 75MHz
-5 647 jofgms 2K|Q 2K|Q 2K|Q 200|Q JK|Q 2K 2K|Q 50|Zo
a0mwnide s1p [fil 3 75[@MHz 3. 75[@MHz 3. 75[@MHz 3. 75[@MHz 3. 75[@MHz 3. 75[@MHz 3 75[@MHz witch |V
Oja
0] o]
1000 + 390 +91= 1481 2200 + 160 + 24 = 2384 Ol
Old
S Pit
10
9
a
Fi
G
'
5
5
4
‘l'
4
3
2
1 3.75 MHz
AHz GMHz 4 ahiHz SWR=1 622

M=02372-77
7=80.5-]5.45
¥=12.4m+j237 50




80 meter %2 A Inverted V Wire on 80 meters
using LPS4 Circuit Topology ZNET Solution

octave-3.6.4 |£Iéj ]

Number of function evaluations = 3968

Humber of objective iterations = 99
Optimization computation time = 2.87 =zeconds
Convergence = @

The optimizer converged to the tolerance limit?

TPG Ohjective Score= B.377565

U i P
Q
&
=9

Load Power = 188.88 UWatts

1497.58 1.12 39.31 Uolts
1415.68 3.26 97.28 Uolts
1996.78 2.99 148.53 Uolts
1952.94 2.72 59.34 Uolts

Antenna Q = 7.3%

Qbu = 7.48

Fano decrement = 1.81

Estimated Fano bandwidth = 1.448 MH=
Fano USWR minimum = 1 .89

minimum matched USWR = 1.1%9

maximum matched USWR = 1.46

maximum Equalizer Match Loss = B8.88 dB

Capacitor ratio = 1.38

Inductor ratio 1.33




80 meter %2 A Inverted V Wire on 80 meters
using LPS4 Circuit Topology ZNET Solution

SWR
10

AP, ., =0.145dB

N W NN 0] m ~l

1

3MHz G.MHz 4 5MHz

SWR=1.459

[=0.1872-147.7

Z=35.7-j7.38

swr: [HaleeBlg) 3.748 MHz Y=26.8m+j5.54m



80 meter %2 A Inverted V Wire on 80 meters
using LPS4 Circuit Topology Smith Chart

.
‘‘‘‘‘‘

3.748 MHz
SWR=1.46
[=0.1872-148.2
Z=35.7-j7.29
Y=26.9m+5.5m




80 meter %2 A Inverted V Wire on 80 meters
using LPS4 Circuit Topology

L . A A C D M G
I - C)
R =80.688 R =80.865 R=11.128 R=11.364 R =35.677 SWR =1.459
X =-56469 X =29637 X=-29923 X=17.125 X=-72239 =0.1872-1484
«~dBW-0.1107 «dBW-0.1012 <« dBW-9456m <«dBW-3.711m «dBW ~0
V,A=8.891,0.1099 V A=3.878,0.1099 V. A=9466,0.3157 V,A=13.950.2965 \ A=6.094,0.2803
80.69ohms 1497 5n|H 1415.6p|F 1996.78nH 1952.04p|F 3.75MHz
-5.647johms 200[Q 2K|Q 200/ 2K|Q 50|Zo
s0mvwWide.s1p |file 3.75|@MHz 3.75|@mMHz 3.75|@mHz 3.75|@mHz xMtch |V
Oja
0b
Olc
(0]fe]
Plots Plt




80 meter % A Inverted V Wire on 80 meters

using LPS4 Circuit Topology
1000 Watt Power Handling

L A C D G
AN RAA M
S - C)
R =80.688 R = 80.865 R=11.128 R =11.364 R=35677 SWR=1459
X =-5.6469 X = 29637 X =-29923 X=17.125 X=-72239 I=0.1872-1484
«dBW 29.89 «dBW 299  «dBW 29.91 «dBW 30 «dBW 30
V A=281.1,3476 V.A=122.63476 V. A=29949.985 V A=44129.377 V.A=192.7.8.864
80.68/ohms | 1497 .5nH 1415.6p|F 1996.78nH 1952.04p|F 3.75|MHz
-5 647johms 200|Q 2K|Q 200/Q 2K|Q 50/Zo
A0mvWide. s1p file 3.75|@MHz 3.75|@MHz 3.75|@MHz 3.75|[@MHz [xvitch(1000) [V
Oja
olb
Note the RF voltages and currents in each component. Ojc
0|d
Plots |Plt




80 meter %2 A Inverted V Wire on 80 meters
using LPS4 Circuit Topology
1000 Watt Power Handling

L A C D G
(Y (Y M
I - C)
R = 80.688 R =80.865 R=11.128 R=11.364 R=35677 SWR=1.459
X =-56469 X =29 637 X =-29923 X=17.125 X=-7.2239 I=0.1872-1484
W 974.8 W 2.131 tW 1.495 tW 20.68 W 0.8541
V,A=281.1,3476 V A=1226,3476 V A=29940985 V A=44129377 V A=192.7,8.864
80.69)ohms | 1497.5nH 1415.6p|F 1996.78nH 1952.04p|F 3.75|MHz
-5 647 johms 200/Q 2K|Q 200/Q 2K|Q 50[Zo
a0rmivide. s1p [file 3.75|@MHz 3.75|@MHz 3.75|@MHz 3.75|@mHz [xdvtch(1000) [V
Oja
0lb
. . Ojc
Note the RF power dissipated by each component. old
Plots Plt




Optimum Corner Frequency
for Passband

Optimum Passband Corner Frequency

4.5

3.5

w2/w0 wp_ 1+/(2Q,,)°+1

25 wo 2Q,,

A\

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

HHHHHHHHHHHHHHHHHHHH

T.R. Cuthbert, Broadband Direct-Coupled and Matching RF Networks, TRCPEP, (1999), pg19.
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80 meter %2 A Inverted V Wire on 80 meters
using LPS4 Circuit Topology
Increased to Optimum Passband

Example: 80 meter band; 3.5 - 4.0 MHz

wo = /W] X Wy =V3.5MHz X 4.0MHz
= 3.741 MHz (geometric centric frequency)

__ 37T e
Uow = 3000 =3500
Wy _ 1+, (2X7.482)2+1 — 1,069

wo 2X7.482

new passband w; = 3.500/1.069 = 3.274 MHz
w, = 4.00 X 1.069 = 4.276 MHz



80 meter %2 A Inverted V Wire on 80 meters
using LPS4 Circuit Topology
Increased to Optimum Flat Passband

SWR
10

AP, ., =0.082 dB

3MHz G.MHz 4 5MHz
o L
swr [EREEE) Note: % bandwidth increased

From 13.4% to 26.8%, i.e. (x2)



80 meter %2 A Inverted V Wire on 80 meters
using BPP4 Circuit Topology

D G

M
7 m—t — ()

R =80.688 R =4.8457 R=4934 R=13871 R =4027 SWWR =125
X =-56469 X =18.988 X =13.056 X=-4.9624 X=24139 IT=0.11121645
—dBWV -0.3645 —dBWW -0.265 < dBW-0.1866 <« dBW-0.1715 —dBW ~0
Y A=8 635 01068 WV A=8635 04344 V A=261404406 V A=6.1504322 YV A=118801576
80.69/ohms 263 3p|F 1979.5p|F 3391.47pfF 153.3p|F 3. 75|MHz
-5.647|johms 750.99nH 658.22nH 4.40674uH 12.063u/H 50|Zo
s0mvwide.s1p (file 11.318|MHz 4.4092|MHz 1.3019|MHz 3.701|MHz xMtch |V
200/Q1 200101 200101 200101 Ola
2K|Qc 2K|Qc 2K|Qc 2K|Qc Olb
3.75|@MHz 3.75|@MHz 3.75|E@MHz 3.75|@MHz Olc
Od
Plots |Pit




80 meter %2 A Inverted V Wire on 80 meters
using BPP4 Circuit Topology VSWR

SWR
10

AP,,,q =0.207 dB

3MHz 4 5MHz



80 meter %2 A Inverted V Wire on 80 meters
using BPP4 Circuit Topology Smith Chart

s~ 375 MHz
SWR=1257
F=011221636

7=40 242 57
Y¥=24.7m-j1.58m




80 meter %2 A Inverted V Wire on 80 meters
using HPS4 Circuit Topology

7 3

R =80.688 R=80.7 R=12.91 R=12.936 R=40.193 SWR = 1.424
X =-56469 X =-29955 X =31.655 X=-20.217 X=1256 r=0.1752120.1
«—dBW-0.1116 +dBW-0.1109 +dBW -49.31m —dBW -40.6m —dBW ~0
V.A=8890.1099 VW A=267201099 VWV A=946102945 WV A=1435 02767 WV A=60420 2802
80.69|ohms 1746p|F 1363.4nH 818.2p|F 1006.22nH 3.75|MHz
-5.647johms 2K|Q 200[Q 2K|Q 200/Q 50|Zo
B0myWide. s1pfile 3.75|@mHz 3.75|@MHz 3.75|@MHz 3.75|@mMHz | xMich |V
Ola
Olb
Olc
0|d
Plots |Plt




80 meter %: A Inverted V Wire on 80 meters
using HPS4 Circuit Topology

Antenna VSWR

and After Equalizer VSWR

3AHz

G.MHz 4.5MHz

SYWR=1 424
F=047521211
T=40+12.4

375MHz =22 8m-7 06m

98



80 meter %2 A Inverted V Wire on 80 meters
using HPS4 Circuit Topology Smith Chart

3.75 MHz
SWR=1.424
r=0.1752121

Z=40+j12.4
Y=22.8m-j7.05m




Li’'s Genetic Algorithm Solution
(required 6 hours computer time)

L B C G
|
H M
R =91.583 R =2326 R = 23287 R = 41.167 SWR = 1.239
X =200k X=14199 X =9.5696 X=40766 [=010721527 SWR
«dBW -0.1487) «dBW-13.76m «dBWY-8.699m «dBW ~0
V,A=9.931,0.1027 V,A=5.931,0.614 V A=3.548,0.6547 V A=6.448,0.6207 9.9
91.58|ohms 686.4n|H 7830p|F 4086p|F 3.75MHz
30.96johms 200[Q 2KIQ 2KQ 50Zo S
Li_80m_dipole.s1p [file 3.75/@MHz 3.75/@MHz 3.75/@MHz xMtch |V
Oa 4.5
O
Oc Kl
0d
Plots  |Plt 3.5
[Ce=e T << < > > [ = T 3
[unDo ] [ re0o |
type numPnts frorm to narme sweep 25
!_I% [ 200] 34][ 4] GMHz [ v |
[ CAntili 80m_dipole.sip T el ] L file [ n_ ]
I} 2
1T J_
= T 5 .
. EECEE z 3.4MHz GMHz iz
=3 SWR=1.239
? 1 Ph: [Hagty | Angiet ] F=0.107.152.8
—ﬁﬁg— Pwr: A€ Z=41.1+j4.06
dNE 1 e @ % [Mark|SWR{EHABEG] 3.7497 MHz Y=24.1m-j2.38m




Li’'s Genetic Algorithm Solution
Smith Chart

_________
-

",
x +
-

7497 MHz
SWR=1.243
r=0.108,1534
Z=41+j4.02
Y=24.2m-j2.37m




- ZNET Solution for Li’s Dipole

E=RR=n X"
Optimization in progress

Optimization completed?

Number of function evaluwationsz = 3888
Mumber of obhjective iterations = 95
Optimization computation time = 2.65 seconds

Convergence = B
The optimizer conuverged to the tolerance limit?

TPG Objective Score= B.614577

Zow ca c2 z1

Load Power = 180.88 Watts

1568 .44 nH 1.87 Amps 38.81 Uolts
1068 .63 pF 2.51 Amps 181.56 Volts
2538.68 nH 2.33 Amps 136.87 Uolts
1691 .18 pF 2.46 Amps 62.75 Uolts

Antenna Q@ = 9.33

Qbw = 6.15%

Fano decrement = B.66

Estimated Fano bandwidth = 1.131 MHz
Fano USYR minimum = 1.29

minimum matched USWR = 1.45

maximum matched USWR = 1.85




ZNET Solution for Li’s Dipole
using LPS4 Circuit Topology

L A C D G
M AN M
R =91.583 R =91.768 R=15.727 R =16.026 R =28.578 SWR =1.809
X =30.963 X=67918 X=-44525 X=1529 X=-75914 T =02882-155
| <dBW-0.101) «dBW-92.22m «dBW -84.46m «dBW -2.648m «~dBW ~0
V,A=9.985,0.1033 V A=3.817,0.1033 V A=11.79,0.290690 V A=14.94,0.2497 V A=5531,0.2204
91.58/ohms | 1568.44nH 1068.63p|F 2538.60nH 1691.18pF 3.75MHz
30.86jichms 200Q 2KIQ 200/ 2KQ 50Zo
Li_80m_dipole.s1p [file 3.75/@MHz 3.75/@MHz 3.75/@MHz 3.75/@MHz xMtch |V
Ola SWR
ab 55
Olc
0d °
Plots  |Pit 4.5
[C=ee T < < > =5 [ = T 4
[CunDo_ | [ redo ] 35
type numPnts from to name sweep
!_I% [ 200] 34][ 4] GMHz [ v | 3
[ CAntili 80m_dipole.sip T el ] L file [ n_ ]
m 25
1T J_
[F] T 5 .
il Lé:> ! %:h \/"—”\/1 ;
" P I = '
T T% 1

3. 4MHz G.MHz 4MHZ’I

T
g
e {2
. - Prmgth T —rgeti

z
I

EHE%




/NET Solution for Li’s Dipole Using
LPS4 Circuit Topology Smith Chart




ZNET Solution to L

i’s

Dipole

using LPS6 Circuit Topology

octave-3.6.4

Optimization completed?

Number of function evaluations
Number of obhjective iterations
Optimization computation time
Convergence = B

The optimizer converged to the

TPG Objective Score= B.688493

Load Power 188.88 Watts

1247.48 nH 1.87
986.81 pF 2.26
1556.41 nH 2.18
617.53 pF A.68
1135.62 nH 2.48
1721.23 pF 2.37

Antenna 9 = 9.33
Qhw = 6.15

Fano decrement = B.66

16448
274
= 11.95 seconds

tolerance limit!?

Estimated Fano bandwidth = 1.131 MH=

Fano USWR minimum = 1.29%9
minimum matched USWR = 1.43
maximum matched USWR = 1.84

=& |




/NET Solution to Li’s Dipole
using LPS6 Circuit Topology

YR
10

n)

- P L +u M a} -l jmu]

3.4MHz = .MHz 4MHz



/NET Solution to Li’s Dipole
using LPS6 Circuit Topology Smith Chart

Required 11.95 seconds
computation time.

7495 MHz
SWR=1.792
[ =0.264.-165

7=28.2-/4.5
=34 5m+5.51m

Plot [L PAFBFEfEEfFG




Cascade Serial Transmission Line

~

(CASTL) Impedance Match

\
1 B (o] M G
R =80.688 R =72.608 R =75.855 R =72.303 SWR =1.499
X =-56469 X =24908 X=-7.7753 X=10.197 r=0.2-198
W 786.9 W 76.82 W 75.68 W 60.63
V,A=252.6,3.123 V,A=250.6,3449 V,A=268.3,3.519 V A=271.63.719
80.69)ohms 99.9|~deg 171|~deg 161.5|~deg 3.75|MHz
-5.647johms 3.75|@MHz 3.75|@MHz 3.75|@MHz 50/Zo
a0mvwide.s1p file 60.41|ft 104.7|ft 100|ft sivitehi{ 1000) |V
[RG-BICATV)Mdl | (RG-63MJ) Mdl  |(LMR-4-00) [Mdl Oja
0.83vFnom 0.84vFrom 0.85[vFrom [1][+}
75|Zo 125|70 50/Zo Ojc
0.6151[k0 0.1473[k0 26.41m|k0 0jd
0.1966(k1 0.15[k1 0.1248|k1 Plots |Plt
190ujk2 989u|k2 1 87u|k2
Lt ‘ EC | < | = | =3 | 2=
prey [ closest [ next
unDo | | reDo
fype humPnts from to name SWEER
’?er 3.0:3:5:0.050 {3.5.4 000,005} 4 004 50:0.050 ‘ G MHz y |
80mY\ide 51p [l ar L file n|
'_— t T ik %
T
T U T = T
T 9 5
=
L aaE
i A

| 3.500MHz

[ 400M

SR
10

2

1

G.MHz

Pit: egthT—Angleth—]

Pwr:

G

||
QD]

(]

[Mark swR:

3.75 MHz

See L.N. Dworsky, Modern Transmission Line Theory and Applications, Wiley, NY (1979).

4.5MHz

SWR=1516

[ = 0.205.20.3
Z=72.8+]10.8
Y=13.4m-j2m



80 meter %2 A Inverted V Wire on 80 meters
using CASTL Circuit Topology VSWR

- [Ch
° 15

CASTL circuit

- [¥] w LA &) [o)) ~] © ©

3MHz G.MHz 4.5MHz

SWR=1.498
r=0199,-178.3

Z=33.4-j0.416

SWR:[L}+BlElG] 3.745 MHz Y=29.9m+j373.4u



80 meter %2 A Inverted V Wire on 80 meters
using CASTL Circuit Topology Smith Chart

Note the path.

3.745 MHz
SWR=15
M=02--1792
Z£=33.3-j0.183
Y=30m+j164.5u




80 meter % A Inverted V Wire on 80 meters
using CASTL Circuit Topology

1000 Watt Power Handling
C

L B G
A . A M
Z O
R =80.688 R=72608 R =75.855 R=72.303 SWR =1.499
X =-b.6469 X =24908 X=-7.7753 X=10197 =0.2-198
W 786.9 W 76.82 tWW 75.68 tWW 60.63
V,A=25263.123 (V.A=250.6,3.449 V. A=26833519) V A=271.6,3.719
80.69ohms 99 .9|~deg 171|~deg 161.5|~deg 3.75|MHz
-5.647johms 3.75@MHz 3.75|@MHz 3.75|@MHz 50(Zo
B0rm\Aide s1p (file 60.41|ft 104.7|ft 100|ft ¥htch(1000) [V
(RG-B/ICATVIIMdI | (RG-63/U) Mdl  |(LMR-400) [Mdl Ola
0.83\vFnom 0.84|vFnom 0.85[vFnom Olb
75Z0 125Z0 50|Zo Olc
0.6151|k0 0.1473k0 26.41m|k0 O|d
0.1966k1 0.15|k1 0.1248]k1 Plots |Plt
190uk2 989%ulk2 187ulk2




Homebrew Parallel Wire
Transmission Lines

Parallel Wire Transmission Line

ATLC2 computed these images. ATLC2
was developed by KQ6QV.
(see URL below.)

Current distribution for closely spaced
two conductor transmission lines.

E Field from two-wire transmission line
cross-section.

Spreadsheet computes spacing “d” for

a required impedance for a given width “wire

diameter” and spacing dielectric (e.g. air for
lowest loss).

See http://www.hdtvprimer.com/KQ6QV/HomePage.html
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Homebrew Parallel Plate Transmission
Lines and Stubs

Parallel Plate Transmission Lines and Stubs

Spreadsheet computes spacing “d” for a required impedance for a given
-------- width “w” and spacing dielectric (e.g. air for lowest loss).

N\
Parallel Plate Transmission Line (TEM mode) Optimizer WB6YVK
MKS Units inches
W center frequency =|21.225 MHz 2.12E+07 Line Impedance
Plate Width =|12.7 mm 0.0127 0.500 Z0 =|124.999929334706-0.179690404275512i |Ohms
Plate Conductivity =[35400000 S/m aluminum Ro =[125.00 Ohms
Spacing =(6.386248872 |[mm 0.006386249 0.251 Xo =|-0.18 Ohms
Dielectric constant of spacer =|2.3 PTFE
B AN L magnetic constant (u) =|1.25664E-06 |H/m
[ electric constant (e) =[8.84194E-12 |F/m velocity = 1.9781E+08 m/sec
%: d :< vel factor = 0.659
I 1 RLGC Results Shorted stub as an inductor
Lo R =|2.42E01  |Ohms/m Qstub= 458.7
L'=|6.31905E-07 |H/m
G'=|1.00E-10 mhos/m
C'=|4.04E-11 F/m

Ro = 124.9999293 Ohms

Xo= -0.1796904 Ohms

Zo magnitude = 125.0000585 Ohms
alpha'= 9.69E-04




ATLC2 Example: 150 Ohm

Parallel Plate Transmission Line

Eile Frame2 Window Zoom Solve Help File Frame2 Window Zoom 5Sclve Help
100 % Usermap: 403,172 (67,-90) Voltage: 0.12204 100 % Usermap: 322,182 (-14,-30) Voltage: 0.17947|

*® Frame 2
Mame : Default Actual conducter pixel total: 1058 | Close window |
/| Restrict to skin depth 002 - Pixel width 400 Stop Resume

Inending run

21,225 - Freguency in MHz = -2 threads

Twinlead | Square twinlead | Coaxial | materials | converging | results

L and Rs results : C and vf results : Combined results :
L = 0.5045 uH C= 22298 pF Zo = 150.44 Ohms
Rs = 0.263323 Chms 7o = 149.60 Ohmsifvf=1 vf = 0.9944
Zo = 151.23 ifvf=1 L =0.4990 uHifwf=1
C = 22.0490 pFifvf=1 Vo =0.0038 V Qdif = 0.00 %

Vo =0.0083 V
Run time = 10 seconds. 19 ME Fun time = 23 seconds. 2 MB




80 meter %: A Inverted V Wire on 80 meters
shorter CASTL Circuit Topology #4

using non-standard transmission lines and stubs

L A D B E M G
R =180.688 R =27.282 R=24419 R =171.452 R=72941 R =58.715 SWR=1.484
X=-56469 X =37.506 X=-35.25 X=-12.167 X=12.157 X=19.702 r=0.195,559
W 861.5 W 24 47 tW 13.87 tW 21.78 W 18.44 W 59.93
V,A=264.3,3.268 V. A=264.3.4.837 V,A=260.3,6.07 VA=260.34.388 V A=2655359 VA=25564.127
80.69ohms 26~deg 55.447~deg 25.386~deg 48.932/~deg 161.5/~deg 3.75MHz
-5.647johms 3.75/@MHz 3.75/@MHz 3.75/@MHz 3.75/@MHz 3.75/@mMHz 50Zo
BOmvWide 51p |file 12.63)ft 26.93ft 12.33)ft 23.771 100]ft xMtch( 1000}V
simplified |Mdl | simplified Mdl | simplified [Mdl | simplified Mdl |(LMR-400)MdI Oja
0.6667[vFnom 0.6667[vFnom 0.6667|vFnom 0.6667|vFnom 0.85|vFnom Ob
112[Zo 26.084/Zo 125Zo 84.5765/Zo 50/Zo Olc
0.5//100f 0.5//100f 0.5//100f 0.5//100f 26.41mk0 od
10/@frgq 10j@frgq 10j@frgq 10/@frq 0.1248/k1 Plots |Plt
187uk2
[ == [ =] = [ - [ = | = 1
[ unDe ] [ reDo |
type  numPnis from jis] name sweep
[expr] [ 3.0:35.0650{3.5:4.0: 0011 4.0:45:0.050 | G MHz [ v ]
| 80myWide s1p T _ar | L file [ n ]

5]

BWR
54

4.9
4.4
39
34
29
24
1.9

14

4.5MHz

SWR=1485
[=0.195-56.3
7=bB6+18.7

2749 MHz Y=153m-5.17m



80 meter %2 A Inverted V Wire on 80 meters
shorter CASTL Circuit Topology #4
using non-standard transmission lines and stubs

SWWR
54

4.9

4.4

39

34

2.9

24

19

1.4

3MHz G.MHz 4.5MHz

SWR=1485
M=0.1852563

7=56 6+18.7

swr AR EIEG) 3749 MHz  Y=15 3mH5.17m




80 meter %> N Wire Folded Dlpole

Cuality

N I
FPS  Tris
[61 [1922
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80 meter 2 A Wire Folded Dipole

using LPS6 Circuit Topology

L A B c | D E G
| i i
R =23851 R =238.69 R=55412 R =5.7374 R =1.9524 R =2.0252 R = 85.267 SWR=1.312
X=0.15378 X=36816 X=-36.318 X=29289 X =-3.2084 X=11.347 X=31051 [=0.135-10
«dBW -0.3447 <«dBW-0.3414 «dBW-0.3268 <« dBW-0.1757 «<dBW-0.171 <« dBW-12.05m «dBW ~0
V.A=14.84,62.23m WV A=2.28262.23m V,A=15.03,04139 V. A=16.06,04091 V A=2635,0.7855 V A=10.21,0.7017 V,A=8.088,0.6849
238.5|ohm5 1556.01nH 1168.87p|F 1665.6nH 12649.08p|F 617.73nH 3594.12pF 3.75MHz
D.1538[johms 200|Q 2K|Q 200/Q 2KQ 200Q 2KQ 50Zo
D |ﬁ|e 3.75|@MHz 3.75|@MHz 3.75|@MHz 3.75|@MHz 3.75|@NMHz 3.75/@vHz | xMtch |V
Ofa
0b
Dic
0d
Plots Plt
‘ L=t ‘ =t < = = | 2= T
[unDo | [ reDo |
Note that no
’ﬂT numPnts from o name SWEEP
lin][ 500 35 A GMHz v ] R
| 80 METER FOLDED Minx.s1p || cIr L file n| tranSformer IS needed-

E }

—

p

1
T
=
I
1

Tmfllﬁ%””“é
=

I
NS

I_{ C
o] Lo

showing

Sweep

Plot

I = o = ey
I o e |

7495 MHz
SWR=1.308
I=0.133210

I=E6+3.07
=15 am-{723 Bu
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80 meter %2 A Wire Folded Dipole
using LPS6 Circuit Topology

Sl
28

25
24
22
2

1.8
1.6

N /\m /“]
S ~_

1.2

3.5MHz & MHz 4MHZ1

SWR=1.312
r=0.135.94

7=65.53+2 .94

3.7505 MHz ¥=15.3m-j5a7.3u




40 meter %4 A Monopole

3D Viewer (FS) [ 40n

7.2 Mhz

Ariz| 20 B
Thets  Phi

[74 [z87
ﬂzoomﬂ

Ident| Res
Rate | Coal

I Truerad

Structure «
Hide patt, «
Tot-gain -

Guality
JEN I
FPS  Tii's

[63 [ 2834
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40 meter % A Monopole using
ZNET Solution LPS4 Circuit Topology

Optimization computation time = 7.32 zeconds
Convergence = B

The optimizer conuverged to the tolerance limit?

TPG Obhjective Score= B.127441

Load Power = 188.88 Watts

153.93 1.67 Amps 11.56 Volts
3857.47 8.38 Amps 60.99 Volts
342 .61 8.23 Amps 126 .58 Volts
2645.36 8.88 Amps 68.84 Volts

Antenna Q@ = 13.808

Ghw = 23.83

Fano decrement = 1.83

Estimated Fano bandwidth = 1.573 MH=
Fano USWR minimum = 1.81

minimum matched USWR = 1.84

maximum matched USWR = 1.14

maximum Equalizer Match Loss = B.681 dB

Gapacitor ratio 1.16

Inductor ratio 2.23

center frequency = 7.148 MH=

=)




40 meter % A Monopole using
LPS4 Circuit Topology

L AN A AL C D M G
p—
R =35.785 R =35.819 R =1.4817 R =1.5587 R =44123 SWR =1.136
X =-0.76087 X =6.1544 X=-7.2324 X =8.1593 X=-1.1637 =63.6m.2-168.1
<dBW -0.2465 «dBW-0.2423 «dBW-0.2313 «dBW-11.41m <dBW ~0
V,A=5.816,0.1625 V,A=1.124,0.16256 V,A=5.906,0.8112 V,A=12.31,0.7999 V A=6.6450.7897
35.78/ohms 153.93nH 3057.47p|F 342.61nH 2645.36p|F 7.15|MHz
-0.7609johms 200/Q 2KQ 200Q 2KQ 50|Zo
som monepoleste [file 7.15/@MHz 7.15/@MHz 7.15/@MHz 7.15/@MHz | xMich |V
Oja
Ojb
Ojc
0|d
Plots  |Plt
S | o< ‘ < ‘ > | > | g
prey \ closest | next
unDo \ | reDo
£ numPrts from to name sweep
in][ 25] 7] 73| GMHz

\ 40m monopole.s1p \ clr L file

E I m

i
i

IENSE
B
+

HNH

"
il

A’V?P C
FNAFS 22

]

N
%IMF‘:@?% EE

7.3MHz

BWR
1.9

1.8
1.7
1.6
1.5
1.4
1.3
1.2

1.1



40 meter % A Monopole using
LPS6 Circuit Topology VSWR

Sl
14

1.8
1.7
1.6
1.5
14
1.3

1.2

W”

ThHz & MHz f.3MHz

SWR=1.136

[ = B3.6rm.2-160.1

Z=44.1-1.16

VIR [ATRS =TS0 715 MHz =22 6m-+596.5u




40 meter 74 A Monopole using
LPS6 Circuit Topology Smith Chart

-
- -
- -,

- -
''''''''

715 MHz
=WRE=1.131
M=61.4ms-170

=44 3-j0.945
YW=22.6m+433.5u




6 meter 74 A Ground Plane
(Arrow GP52)

30 Viewer (F9) [ 6mGP.out | =]

—

B |__|
@
[=

— w
=] =
& 5
= X
o = o
o, IS =]
s =
= T =]
4 4

Hide patt, «

Guality
JEN I
FPS  Tii's

[63 [ 1498

125



6 meter % A Ground Plane (Arrow GP52)
using LPS4 Circuit Topology VSWR

SVR
1.9

1.8

1.7

1.6

1.5

14

1.3

1.2

1.1

\/,/—\/

50MHz G.MHz 54MHz

1

SWR=1.088
M=423m.-1534

Z=46.3-1.76

swr: [l 51.99 MHz Y=216m+§16.6u



6 meter % A Ground Plane (Arrow GP52)
using LPS4 Circuit Topology Smith Chart

______
- 2y
««««

51.95 MHz
SWR=1.088
M=421mz-1534
£=46.31.75
Y=21.5m+812u

Plot [ L et G




Shortened % A 6 meter Ground Plane (Arrow GP52)
using LPS4 Circuit Topology VSWR

1.5

1.4

1.3

1.2

11

45MHz G.MHz 59[‘\:‘IHZJI

SWR=1.122

[ =57.5m2-159.3

Z=44.9-j1.83

swr:[Lialslelelg] 52.02 MHz Y=22.3m+j905.3u



10 foot Ground Plane on 6 meters
using LPP4 Circuit Topology VSWR

SWR
19

1.8

1.7

1.6

1.5

1.4

1.3

1.2

11

45MHz G.MHz 59[‘\:‘IHZJI



432 MHz Yagi Antenna

Antenna design was “computer optimized” for
420-450 MHz by the commercial manufacturer.

3D Viewer (F3) [ 432MHz_300hm_Beam.out ] E=EE

432 Mhz
Amis| 1t

Theta  Phi

[e5 [a15
ﬂzoomﬂ

Ident| Res
Fatz | Col

[ Truerad
[ETH I

W fis

-

<1 ]

Structure +
Hide patt. +
Tat-gain -

Cluality
JEN I
FPS  Tii's

[61 | 4992




432 MHz Yagi Antenna
using LPS6 Circuit Topology Smith Chart

ZNET Matched antenna

SWR = 2 circle
\-,
Frequency Sweep from
400 to 450 MHz.

“ . . ” 432.06 MHzZ
Optimized” antenna as - SWR=1.095
. [M=452mez-160
supplied by the manufacturer. 7-45.91 .42
Plot [L AR ETF TG v=21 Bm+E73.6U
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Equal Response vs. 50 Ohms

Achieving an equal response (flat across frequency band)
and meeting 50 Ohms are two different goals.

Often, a transformer would be useful to shift the equalized
impedance to 50 Ohmes.....but often requires an
inconvenient transformer ratio.

Enter the Norton transform....




Enter Impedance and
Admittance Inverters

R>Re J-Inverters )

Rs>R, K-Inverters




Implementing Norton Transforms

_________________________________________________________

radio

antenna

The negative valued components are “absorbed” by the BP resonators.




Norton Transforms As Transformers

—_———— e —— — — —

—_—_——— e e — ——— —_———————— —

” g g1 ” le gl lg g [wem

—_— e —_——_— —_ ——a

- —— e ——_ —_—a P |

There is a limitation on the achievable transformation ratio, n?, see
Abrie’s textbook for details.



80 meter %2 A Inverted V Wire using

Capacitor “Pi” and Inductor “L”
Ll A Y c D EY G
i T
I I
R =80.688 R =80.728 R =4.8858 R =8.8679 R =8.8728 R =34.575 SWR =1.446
X =-5.6469 X =1.88693 X=19.018 X =24986 X=15112 X=-04938 I=0.18--1778
+19.9dBW +19.91 dBW +19.99 dBW +19.99 dBW 20 dBW 20 dBW
\/,A=89.06,1.101 V,A=8.276,1.101 V ,A=88.914.382 VWV A=88.911.225 V A=33.07,3.356 V A=58.81,2.918
80.688/ohms 319nH 865nH 585p|F 4307p|F 2106p|F 3.75MHz
-5.6469johms 200[@ 200 2K|Q 2K|Q 2K|Q 50/Zo
B0mviwire s 1p file 3.75|@mMHz 3.75|@mMHz 3.75|@MHz 3.75|@Hz 3.75/@MHz |xMtch(100)|V
0
0
0
0
Plots
‘ Lt ‘ EC < = o ‘ =1 T
[unDo | | reDo |
fype humPnts fram to name SWEED
[in][200] 3.4]] A GMHE
\ 80m\wire 51p [ ar L file

Il
LI
3

At

ﬁ

£
+

1
T
=
I
1

n

N-
£
52

i
=

FIToa]

/
}
{
|
|
|
i
\
4
y
Y

el elelo
L L S L L

3.7475 MHz
SWR=1448
[=0.182-178
=34 5047
Y=28m+j391.7u



80 meter %2 A Inverted V Wire using
Capacitor “Pi” and Inductor “L”

1 Y2 SR
80 200 265
60| " 150 245
40 100 225
20 50 205
0 0 185

-20 50 165

40 100 145

_60 150 125

80 200 105

Yy G Mz Az 220

SWR=1 445
Pit: | Magl) [ Angle ] F=018,-1782
7=34 -0 4

swh: (LAl 37513 MHz Y=28.9m+j337 4u



Using L “T” & Low Pass Pi Transformers
“XFMRPI” Circuit Topology

=

R =66.91 R =66.922 R=47.624 =47.976 R=67.002 R =68.251 =76.073 SWR =1.559
X=-26.89 X =-24322 X=236.329 X=106.78 X=-121.18 X=24712 X=-91081 =0.218--151
~dBW-0.1138 «dBW-0.1129 «dBW-8846m «dBW-56468m <«dBW -47.73m <«dBW-1.046m —dBW ~0
V,A=8.701,0.1207 V A=030990.1207 ¥V A=8.592,0.1282 V A=10.11,0.1434 V,A=16.79,0.2366 V,A=17.66,0121 V A=878454385m
56.91/ohms 109n|H 2844nH 2990nH 598p|F 6192nH 265p|F 3.75MHz
-26.89)johms 200|Q 200|Q 200|Q 2K/ 200/Q 2K[Q 50|Zo
s0mevwireHigh =1p | fil e 3.75|@MHz 3.75|@MHz 3.75/@mMHz 3.75|@mHz 3.75|@MHz 3.75|@MHz xMtch [V
Ola
PR olb
29 Ole
27 0d
Plots Plt
_____ 25
23
21
19
17
15
13
3.5MHz & MHz 4MHZ1'1
SWR=1559
F=0.218.2151
7=76.1-9.11 138

¥=13mH1.55m swir: [LAEfetetEtAo]



80 meter %2 A Inverted V Wire using
WMB3 Circuit Topology

T Pi T

o

L M A o C D o E Fi o H M J K I\/] G
- - M -
R=80.688 R =80698 R=7878 R=78794 R=80595 R=80605 R=17455 R=17963 R=216 R=22088 R=60379 SWR=1212
X =-5.6469 X =-3.6442 X =12553 X =15.381 X =9.8292 X=11.832 X=-1184 X =-1.6847 X=1.602 X=11.357 X =-1.9848 r=95.7m=z-9.8
«dBW -0.2907 —dBW-0.2902 —dBW -0.2857 <« dBW-0.285 «dBW-0.2848 «dBW -0.2843 «dBW-0.2692 «dBW-0.1447 «dBW -0.1082 «dBW-11.22m +—dBW ~0
Y ASB 70801077 VASD2156,01077 VASBAA72201m  VASD3083,0108 YA=R7527838m VASD215001078 WASA7020.7416 VAS745207338 WAS180700023 V A= 5550672 W A=777506639
80.69(ohms 85nH 16768nH 120nH 38p|F 85nH 3584p|F 431nH 85nH 414nH 3624p|F 3.75|MHz
-5.647|johms 200/Q 200(Q 200[Q 2K[Q 200|Q 2K[Q 200/Q 200/Q 200/Q 2K|Q 50[Zo
aomvice.stp (file 3.75(@MmHz 3.75[@MHz 3.75[@mMHz 3.75[@mHz 3.75[@MHz 3.75|@mHz 3.75[@MmHz 3.75/@MHz 3.75|@MHz 3.75/@mbz | xMtch |V
Oja
Ok
Olc
old
Plots |Plt
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APload =0.154 dB

80 meter %2 A Inverted V Wire
using WMB3 Circuit Topology

VSWR

—

4

hiHz

BV
1.9

1.8

1.7

1.6

1.5

14

1.3

1.2

1.1

aMHz

G.MHz

SR: RG]

4 EMHz

SWR=1.212

[=5958mz-107
Z=B0.3-j217

3.751 MHz Y=1B.6m+j594 30



80 meter %2 A Inverted V Wire using
WMB3 Circuit Topology Smith Chart

—————
- il

-
o -
-




Non-resonant Antennas

Monopole antennas,

¢ 20 feet tall monopole,
¢ 10 feet tall monopole,

Flat top dipole antennas,

e 100ft wide (short) 80 meter wire V dipole,
e 20 feet width dipole,
¢ 10 feet width dipole.

Multi-band equalizers using single equalizer circuit on a non-

resonant antenna.
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20 Foot Tall I\/Ionopole HF Antenna

(3D Viewer (F9) [ 0FTR

JEN I
FPS  Tiis

[61 [2378

Computer model image. c
K|

Commercial HF antenna.



20 foot Monopole on 20 meters

using LPP4 Circuit Topology

L B D E G
I I
R =55.767 R=119.23 R=121.28 R =49.565 R =50.635 SWR=1.013
X =84845 X=-88.311 X=324.28 X=-2153 X=0.14433 T=647m=z12.7
«<dBW-0.1874 <«dBW-0.1824 <«dBW-0.1083 +«dBW-92.81m «~dBW ~0
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20 foot Monopole on 20 meters
using LPP4 Circuit Topology VSWR
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20 foot Monopole on 20 meters
using LPP4 Circuit Topology Smith Chart
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20 foot Monopole on 20 meters
using LPS6 Circuit Topology VSWR
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20 foot Monopole on 20 meters
using LPS6 Circuit Topology Smith Chart
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20 foot Monopole on 40 meters
using LPS6 Circuit Topology
VSWR
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20 foot Monopole on 40 meters
using LPS6 Circuit Topology Smith Chart
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20 foot Monopole on 20 meters
using WMB2 Circuit Topology
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20 foot Monopole on 20 meters
using WMB2 Circuit Topology VSWR
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20 foot Monopole on 20 meters
using WMB2 Circuit Topology Smith Chart




Example ZNET Solution
10 foot Monopole using 15m BPS2 Circuit

{_, Octave-364 o] | =]

Optimization completed?

Number of function evaluations = B680
Number of obhjective iterations 217
Optimization computation time = ?.18 seconds

Convergence = A
The optimizer converged to the tolerance limit?

m

TPG Objective Scorve= B_242232

o]

= 2249.59% pF

151.55 pF
= 3725.41 nH

Antenna Q = 9.91

Qbuw = 47.16

Fano decrement = 4.76

Estimated Fano bandwidth = 6.126
Fano USUR minimum = 1.88
minimum matched USWR = 1.83
maximum matched USWR = 1.27




10 foot Monopole on 15 meters
using BPS2 Circuit Topology VSWR
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10 foot Monopole on 15 meters
using BPS2 Circuit Topology Smith Chart
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10 foot Monopole on 15 meters
using LPS6 Circuit Topology VSWR
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80m Inverted V Wire Dipole 100 foot ( )
using LPS8 Circuit Topology VSWR
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80m Inverted V Wire Dipole 100 foot ( )
using LPS8 Circuit Topology Smith Chart
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80m Inverted V Wire Dipole 100 foot (short)
using LPS8 Circuit Topology VSWR
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80m Inverted V Wire Dipole 100 foot (short)
using LPS8 Circuit Topology
(no transmission line from radio)
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80m Inverted V Wire Dipole 100 foot (short)
using LPS8 Circuit Topology
(including 100 feet LMR400 from radio)
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80m Inverted V Wire Dipole 100 foot (short)
using WMB3 Circuit Topology Smith Chart
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80m Inverted V Wire Dipole 100 foot (short)
VSWR using WMB3 Circuit Topology
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80m Inverted V Wire Dipole 100 foot (short)
using WMB3 Circuit Topology

N\ ~ "~
| A C D E R H K | G
Y YT Hie A e M
- j— j—
i, N _
R=61.105 R =61.578 R=19647 R =200.03 R =536 R =542.26 R =12.861 R=13.154 R =5.3317 R =5.3417 R =63.371 SWR =1577
X=-190.79 X =-96.023 X=50427 X=76285 X=-1.1723K X=79826 X=-83.285 X =-24686 X=16.758 X=18.761 X=-22123 =0224--4738
+—dBW -04525 +dBW -04189 +dBW-0.3796 +dBW-0.3016 +dBW-0.2885 +dBW-0.2381 +«dBW-0.2237 +dBW-0.1259 +dBW-16.53m <« dBW -8.378m —dBW ~0
VAS243301214  YAST15101214  WAS13B8501192 YA=48B568 29m VA=538B01041 VA=52324178m WV A=22002747 WAS159202718 VAS7RD20R517 VA=0BE57 04323 VA=B43204571
61.1[chms 4022nH 4932nH 30236nH 82p|F 53142nH 509pF 2487nH 495nH 85nH 2301pfF 3.75MHz
-190.8fohms 200/Q 2001Q 200/Q 2K|Q 200/Q 2KIQ 200Q 200Q 200/Q 2K|Q 50|Zo
»(file 3.75@mHz 3.75@MHz 3.75@MHz 3.75|@MHz 3.75@mHz 3.75/@MHz 3.75/@mHz 3.75/@mHz 3.75/@MHz 3.75@mHz | xMitch [V
Ola
Ob
Olc
Old
Plots |PIt

165




20 foot Flat Top Dipole
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20 foot Flat Top Dipole
No Matching 20m through 10m
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20 foot Flat Top Dipole
No Matching 20m through 10m
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on 15 meters CASTL Circuit
using non-standard transmission lines

20 foot Flat Top Dipole
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20 foot Flat Top Dipole
on 15 meters CASTL Circuit
using non-standard transmission lines VSWR
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20 foot Flat Top Dipole
on 15 meters CASTL Circuit
using non-standard transmission lines Smith Chart

Note the path.
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20 foot Flat Top Dipole 1000 Watt Power Handling
on 15 meters CASTL Circuit
using non-standard transmission lines
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on 15 meters CASTL Circuit

20 foot Flat Top Dipole

using non-standard transmission lines and stubs
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20 foot Flat Top Dipole 1000 Watt Power Handling
on 15 meters CASTL Circuit
transmission lines and stubs
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20 foot Flat Top Dipole
on 15 meters CASTL Circuit
transmission lines and stubs Smith Chart

Note the path.
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20 foot Flat Top Dipole
on 15 meters CASTL Circuit using
Commercially Available Transmission Lines
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Multi-Band Equalizer

Single Equalizer Circuit

e Fixed value elements
e All lumped L & C elements

Single non-resonant antenna




20 foot Flat Top Dipole
17m through 15m Continuous Match
using LPS8 Circuit Topology Smith Chart

0.005 hH=z
SWMR=9.105
IM=0.202.-s-36.1

=51 4 j136.2
=2 43m+G.43m




20 foot Flat Top Dipole
17m and 15m Dual Band Match using
Single LPS6 Circuit Topology Smith Chart

21.25 MHz
SWWR=1.089
M=33.2me-144.5

7=47.3-j1.83
¥=21 1m+515.4u

Plot [L FAFBEfEEFG




20 foot Flat Top Dipole
17m and 15m Dual Band Match using
Single LPS6 Circuit Topology VSWR

R

14

1.8

1.7

1.6

1.5

14

18MHz & MHz 22MHz

SWR=1.005
= 2.69m.-31.2

£=50.2-j0.14

SR [AlBlSl= e 18.115 MHz ¥=19.9rn+j55.5u



20 foot Flat Top Dipole
17m and 15m Dual Band Match using
Single LPS10 Circuit Topology VSWR

17.9MHz G MRz 22MHz

suif: (e IR




20 foot Flat Top Dipole
17m, 15m, & 20 MHz WWYV Match using
Single LPS8 Circuit Topology VSWR

| SWR
22

21

2

14

18

1.7
18
21.45|MHz

15

21 0o|MHz 14

17.5MHz = .MHz 22MHz h3

SWWH=1.434

M=0182177.7

7=34.5+0.52

swR: e lE RG] 21.216 MHz Y=28.8m-j430.2u



20 foot Flat Top Dipole
4 Band Match using Single LPS10 Circuit Topology
17m, 15m, 12m, & 10m Bands VSWR

| | S
1.9

1.8

1.7

1.6

1.5

4 514

13
g 1.2

1.1

17.FamHz G MHz 3I:Iru1HE}I



20 foot Flat Top Dipole
4 Band Match using Single LPS10 Circuit Topology
17m, 15m, 12m, & 10m Bands VSWR

YR

4.1
8.1
71
6.1
81
4.1
a1

LA
214500 : o 21

W (11

17.75MHz = .MHz a0MHz

SWR: [LEtfe el RG]




20ft Flat Top Dipole on 4 bands
17m, 15m, 12m, & 10m bands Smith Chart

5415 MHz
SR=5.07
F=075218.3
T=153.7+j102
Y=2 5dm-j3.17m




/NET Circuit Topology
Modification Algorithm

/NET has a circuit topology
modification algorithm that

can automatically “prune”
circuit elements to improve
the impedance match.




Eliminating Components
using Bounded Constraints

High-Pass “T” circuit topology example.
Non-resonant antenna example.

e 10 foot monopole across 15 meter band.

Compute using bounded optimization constraints,

Compute with extended optimization constraints,

Add a circuit element “pruning” optimization algorithm.
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C1 Value @ Upper
____ Optimization Boundary

. Octave-3.6.4 [ |- ]

-

=
Y -

Load Power = 180.88 Watts

3749 .28 pF

352-33 ol de-normalized values

Antenna Q@ = 7.91
Qbw = 47.16

Fano decrement = 4.76

Estimated Fano bandwidth = 6.126 Mz C1 is a candidate for removal from
Fano USUR minimum = 1.88 . . .

N i equalizer circuit.
minimum matched USWR = 1.83
maximum matched USUWR 1.26

maximum Impedance Match Loss = 8.83 4B

center frequency = 21.22 MH=z

- .
|I 24.99894 0.88634 0.64671 normalized values




“T” Circuit Solution Including C1

L LA B | C G
I I

R =265 R = 26.077 R=50.713 R=50752  SWR=1033

X =-60 689 X =62 62 X = 78751 H=1447 T=162ms617
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[ ChWANDRTEm s1p Ter ] Lile [ n] Op 2 U e Ud hN d !

ﬁ Ejj showing ,////
T = Both| Xac!

N

=
B
i

0 [=14.9m.245
\/; Dlour Z=51.1+j1.08

Plot | L G Y=19.6m-j412.3u

NS4 |

%

=

i

g SWR=1.03
w
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“T” Circuit Solution VSWR with C1

SWR
1.45

1.4
1.35
13
1.25
1.2
115
1.1

1.05

21MHz

SWRL}-BIE(G)

G.MHz

21.45MHz

1



“T” Circuit Solution with C1 Remove

B I © G
|
R = 26.076 R =584293 R =54332 SWR =1.087
K =-60639 K=77175 H=-012874 T =415mz-186
< dBW-91.77m B -10.58m ~dBWY-7.8m
VAS12.780.1938 VAS12.7902889 VAS10480.1385
26.08|ohrms 332nH 97p|F 21.225/MHz PN
-60.64fiohrms 200/Q 50120 -~ A
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“T” Circuit Solution VSWR without C1

SWR
1.45

1.4
1.35
1.3
1.25
12
1.15
11

1.05

21MHz G.MHz 21.45MHZ1

SWR=1.025
F=12.4m<74.9

Z=50.3+j1.21

SWR{-{BlE[G] 21.145 MHz  Y=19.9m-j477u



Extended C1 Upper Boundary

. Octave-3.6.4 == |

Optimization computation time = 1.92 seconds

Convergence = @
The optimizer conuverged to the tolerance limit?

TPFG Objective Score= B.224981

zs: e L2: z1é

Lond Poues - 16068 lstes Increased C1 upper boundary value
4831248 oF x1000 so that remaining components (i.e.

=1
= 326.18 nH
=1

80.62 pF L2 & C3) can be optimized.

Antenna G = 7.91

Qbu = 47.16

Fano decrement = 4.76

Estimated Fano bandwidth = 6.126 MH=
Fano USHWR minimum = 1.88

minimum matched USWR 1.83

maximum matched USUR 1.25

maximum Equalizer Match Loss = @.83 dB

center frequency = 21.224 MHz




“T” Circuit Solution with
Extended Boundary

L B I [ G
|
R = 28076 R =26076 R = 50.865 R =580.802 SWWR = 1.038
Ho=-60639 ¥ =-60839 H=75913 K=16712 T =188m=B07
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Y=19.6m-j412.3u



“T” Circuit Solution VSWR with
Extended Boundary

SWR
145

1.4

1.35

1.3

1.25

1.2

1.15

1.1

1.05

21MHz G.MHz 2'].45[\J1HZ‘I

SWR=1.038
=18.7m«64.2

Z=50.8+j1.71

SWR:[LABIEG] 21,223 MHz Y=19.7m-j661.9u



“T” Circuit Extended Solution Over
Wider Frequency Span

L B I (@ G

I
R =26.076 R =26.076 R =£0.865 R =50.902 SWWR = 1.038
K =-60639 H=-60.689 XK=75914 HK=16713 T =188m«60.7

-~ dBW -B7 49m —dBW -87 4Bm —dBW -4 7/07m —dBW -1.539m
YV A=12801939 WA=9702m01939 VA=128102845 Y A=10401401
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10ft 15m Monopole with High Pass T
with Circuit Element Pruning

+ Octave-364 EI@

Number of function evaluwations = 1928

Mumber of ohjective iterations = 64
Optimization computation time = 1.56 seconds
Convergence = @

The optimizer converged to the tolerance limit?

TPG Objective Score= B.224825

Automatic circuit element
“pruning” algorithm will
RF Load Pouer = 108.66 Vatts automatically identify circuit

€ _ dsleted, replaced with short. elements to remove, delete
C3 = 188.74 pF

them, and re-compute the
fAntenna @ = 3-91 optimum values for surviving

Qhw = 47.16

Fano docromont = 4.7 circuit elements.
Eztimated Fano bandwidth = 6.126 MH=z

Fano USUR minimum = 1.88

minimum matched USWR = 1.83

maximum matched USWR = 1.25%

maximum Equalizer Match Loss = @.83 dB




Results of Circuit Element
“Pruning” Algorithm

B C
I
I M
R = 26.076 R = 80553 R =48088 SWR = 1.038
H=-60639 H=75874 H=16319 T=1889m=z575
< dBW-8582m  «dBW-3.163m —dBW ~0
VAZ12801939 VW A-12.802844 WAZ1D 4014
26.08|ohrms 326n[H 101p[F 5
-60.64|ichms Q 2K|Q 50£0
10ft19m 51p ffile 21.225@MHz 5lEMHZ xhtch W
Ola
alfs]
0lc
0jd
Plots  |PIt
<gz [ =22 | = | x| m= [ w=»
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unDo | | reDo
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shawing
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Plot
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e T L

SWR=1.039
[ =18.9m.57.8

Z=51+j1.63
Y=19.6m-i627u



VSWR Results of Circuit Element
“Pruning” Algorithm

SWR

1.45

1.4

1.35

1.3

1.25

12

1.15

11

1.05

21MHz G.MHz 21.45MHZ1

SWR=1.038
=18.8m<59.5

Z=50.9+{1.65

SWR:[BIC(G] 21.224 MHz Y=19.6m-635.8u



40 meter %2 A Inverted V Wire Dipole
LPP4 no pruning

Number of function evalwations = H848

Number of objective iterations 146
Optimization computation time = 4.74 seconds
Convergence = A

The optimizer converged to the tolerance limit?

TPG Objective Score= B.498827

Zs ] C Z1
i i i i
i i i i

17.82 pF
1014.89 nH
315.89 pF
1848.29 nH

Antenna Q@ = 12.99
Qhw = 24._38

Fano decrement = 1.87

Estimated Fano bandwidth = 1.573
Fano USYUR minimum = 1.81

minimum matched USWR 1.16
maximum matched USYWR 1.63

maximum Egqualizer Match Loss = @.13 dB

center freguency = 7.15 MH=




40 meter % A Inverted V Wire Dipole
with Circuit Element Pruning

{_ Octave-36.4 = |23l
Mumber of function evaluations 4568

Mumber of objective iterationsz = 114
Optimization computation time = 3.67 seconds
Convergence = @

The optimizer converged to the tolerance limit?

TPG Objective Score= B.2120841

=]
-]
=

1914.08 pr Results of Circuit Element Pruning

2461.56 pF

deleted. replaced with short. Algorith m’ L4 deleted’ remaining

Antenna Q = 12.99 . N
ahu - 24.30 element values re-optimized.

Fano decrement = 1.87

Estimated Fano bandwidth = 1.573
Fano USWR minimum = 1.61

minimum matched USWR = 1 .86
maximumn matched USWR = 1.24

maximum Equalizer Match Loss = A.82 dB

center freguency = 7.15 MH=z=




10 foot Monopole on 20m Example

&% {Gain/SWR/Impedance (F5) - O] %]
Show View Y Plot
SR (50 ohim) 10 FT MOHNOPOLE. out o ek
100  Gain/ FB
B00 i~ Impedance
- Reset
A00
400
- I Note the high VSWR
3 N
200 J J
2
|
W Log [
v Grid [
100
14 1405 141 1415 142 1425 143 MHz
Eefl coef [dE] 50 ohm] W Bold
[~ Markers
0 [ Logx
[~ Smooth
-0
01 T Te———
01 J J
01 JE3
B
01 v ]
|
01 [ Leg [
v Grid [
0.1
14 1405 141 1415 142 1425 143 MHz
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10 foot Monopole 20 meters
using BPP2 Circuit Topology

{_, Octave-364 o] | =]

Convergence = @
The optimizer converged to the tolerance limit?

TPG Objective Score= 1.2886

[
=] - —

m

Load Power = 188.08 Watts

deleted, replaced with open.
= 6656.69 nH

deleted. replaced with short.
= 6786.82 nH

Antenna Q = 57.34

Qhw = 48.5A

Fano decrement = B.71

Estimated Fano banduwidth = 8.787 MH=
Fano USUR minimum = 1.24

minimum matched USWR = 1.94

maximum matched USUR = 3.68

maximum Egqualizer Match Loss = @.8354 d4dB

center frequency = 14.17 MH=




10 foot Monopole 20 meters
using BPP2 Topology AFTER Pruning

A B G SWR
A M —
10
9
R = 4.9061 R =22.816 R =25784 SWR = 1.94
X =-29795 X =-598.37 X=-1.0137 M=032£-176.8
«dBW -1.144 «dBW -0.5312 —dBW ~0 8
V,A=117.9,0.3957 V,A=117.9,0.1989 V,A=117.6,0.1969
4.906/ohms 6657nH 6707nH 14.175MHz 7
-297 9johms 2001Q 200/1Q 50[Zo
10f20mwide.s1p file 14/@MHz 14@MHz | xMtch |V
Oja
Ol 6
Olc
O(d 5
Plots [Pt
[eea [ <= < > BN 4
[unbo | | rebo |
type numPnts from jus] name sweep 3
w | 101400050 {14004 B0 0T) 145515 000 | G.MHZ
| CntIof2drmwideslp ][ cir L file
: T = 2
1F ] L
Y =] ¢ ]
— G.MHz 15.35MHz

L
L

B

Rs

Hr

Lo

H
%lﬂ%jﬂﬂt L

All
Lr | _?—QL T
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10ft Monopole on 20 meters
using BPP4 Circuit Topology and Pruning Algorithm

" Octave-364 o] | =]

4 resonator LC Bandpass Equalizer parallel to load.

R ik
=]
=
o

deleted, replaced

6663.63 nH

deleted. replaced with short.
6787.77 nH

deleted, replaced with open.
deleted, replaced with open.
deleted. replaced with short.

deleted, replaced with short. ZN ET algorithm With pruning
N returned to simple L circuit
@by - 48.50 topology again.

Fano decrement = B.71
Estimated Fano banduwidth = 8.
Fano USUR minimum = 1.24
minimum matched USWR = 1.94

maximum matched USUR = 3.68

maximum Egqualizer Match Loss = @.8348 4B

center frequency = 14.17 MH=




Component Tolerances Study

Vary L & C element

values




Component Tolerances Study
40m % A Inverted V Wire Dipole
using LPS6 Circuit Topology Smith Chart

Initial results

—————
- -

¥.3 MHz
Swk=1.194
M=858.6mz1.4
£=589.7+]0.258
W=16.7m-j72.4u




Component Tolerances Study
40m % A Inverted V Wire Dipole
using LPS6 Circuit Topology Smith Chart

All 6 LC components
simultaneously
varied +/- 5%.

7.15 MHz
SWR=1.153
M=712ms-167.5

7=43.5.01.35
¥=23m+713.3u

Plot [L PAFBfefEEfFG




Component Tolerances Study
40m % A Inverted V Wire Dipole
using LPS6 Circuit Topology Smith Chart

All 6 LC components
simultaneously
varied +/- 2%.

7.15 MHz
SWR=1.153
M=712ms-167.5

7=43.5.01.35
¥=23m+713.3u



Component Tolerances Study
40m % A Inverted V Wire Dipole
using LPS4 Circuit Topology Smith Chart

‘‘‘‘‘‘‘‘
- -
- o
-

1497 MHz
SWR=1.131
=61.5m2-167.2

Z=44 3-j1 .21
¥=22.5m+j616.5u

Plot [ L et G




Component Tolerances Study
40m % A Inverted V Wire Dipole
using LPS4 Circuit Topology Smith Chart

All 4 LC components
simultaneously
varied +/- 5%.

1497 MHz
SWR=1.131
=61.5m2-167.2

Z=44 3-j1 .21
¥=22.5m+j616.5u



Component Tolerances Study
40m % A Inverted V Wire Dipole
using LPS4 Circuit Topology Smith Chart

All 4 LC components
simultaneously
varied +/- 2%.

1497 MHz
SWR=1.131
=61.5m2-167.2

Z=44 3-j1 .21
¥=22.5m+j616.5u



Component Tolerances Study
20 foot Dipole on 15m
using CASTL Circuit Topology Smith Chart

T Mo

Zo of both transmission lines

R =60.792 R =18.297 R =49523 SWR =1.038
X=-18942 X=-10.237 X=-18025 I=18.7m=-103.8
«dBW-0.253 «dBW -97.48m «dBW ~0 i i .|./_ (o)
V,A=24.78,0.1246 V A=4.8470.2312 V A=7.0420.1421 SI m u Ita n eo u S Iy Va rl ed 5 A)'
60.79/ohms 53.73|~deg 121.88|~deg 21.225[MHz
-189.4jiohms 21.25/@MHz 21.25|@MHz 50|20
20ttt smalpole =1p (file 4.606|ft 10.45|ft xMiech Vo e
simplified |Mdl | simplified [Mdl Oa - T
0.6667[+Fnom 0.6667[vFnom Olb
12570 27570 Olc
0.5[100f 0.5{100f 0Old
10|@frq 10|@frq Plots  |Plt
‘ Lt ‘ =t < | = | == | =R T
\ unDo \ | reDo \
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exp] | Vary Ao 1T 1N e
I iy
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i e Sweep
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Lt B
om T : f=19.4m 21025
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N gl W == |Mark Plot Y=20.2m+[762.4u




20 foot Flat Top Dipole
on 15 meters CASTL Circuit

transmission

L B A D IVI
R=60.792 R =19594 R =80616 R=26478 R=47617 SWR =1.051
X=-18942 X=-71491 X=-12415 X =-23.852 X =-044664 I =24.8m~-169.1

«dBW-02936 «dBW-02322 «dBW-9649m +«dBW -31.25m «~dBW ~0
V,A=2467,0.124 V,A=16.3,0.2199 V,A=16.3,0.1198 V,A=6.901,0.1936 V.A=6.901,0.1283

<

o O o o

lexpr] vary D.Zo

1
T
o= | &

|

NALS 8]

B!
HMR
.
H
@I Loy Wj el wmnnn

60.79ohms 27.88/~deg 64.82|~deg 44 55|~deg 27.02|~deg 21.225
-189 4jjchms 21.25/@MHz 21.23|@MHz 21.25|@mMHz 21.23|@MHz 50
20t smaipole <10 | file 2.39]ft 5.563|ft 3.819|ft 2.319|ft xMtch
simplified Mdl simplified [Mdl simplified Mdl simplified |Mdl 0
0.6667vFnom 0.6667[vFnom 0.6667[+Fnom 0.6667[vFrnom 0
102[Zo 64/Zo 93|Zo 105.5/Zo 0
0.5//100f 0.5/100f 0.5{100f 0.5{100f 0
10|@frq 10|@frq 10|@frq 10|@frq Plots
<<s | ax | < [ > [ =» [ ==
prev | closest | next
unDo | | rebo
type numPnts from to name sweep
%ﬁ [ soof 21]] 2145 GMHZ
CATRCW20f Smdipolesip [ cr L file
lexpr] vary B.Zo
lexpr] Wary C.Zo
lexpt] Vary AZo

ines and stubs Smith Chart

T

Z0o of transmission lines & stubs
simultaneously varied +/- 5%.

=194m=2-102.5
Z=495-j1.87

— Y=20.2m+762.4u



Revisit Yarman’s Short Monopole

Example
/NET o |
: e Changed circuit element
solu.tlon values,
using e Changed transformer from a
Yarman'’s 12.66:1 transformer to a
LPS6 standard 16:1 transformer
: i+ (ala a transmission line
Circul transformer).

topology.

215



Yarman’s Monopole Example
ZNET Circuit

L A, m B L A D o F ’—H_‘C H M =
- = LIE € Lr
R=1 R = 0.38567 R=041426 R=10.2342 R =10.351 R = 3.9685 R =3973 R =63.569 SWWR =5 204
Ho=-43999 H=-27735 H=20442 H=-10622 K =-8335 H=-74323 H=-B5212 Ho=-104 34 M=08682.--40
«—dBWW -0.3452 —dBWY -0.3381 «—dBWY -28 58m —dBWy -10.94m —dBWW -7 196m «—dBWY -4 B82m —dBW f5.1an B ~[
WOA=4 3360961 W A=433608967 WV A=38541549 WV A=46041756 v A=0554203106 % A=422702400 v A=04571,058017 A=15324873n
1lobms 219p|F 3. 1nH G07p|F 2.84n|H 90.7p|F | .45nH 5|Hr | 00|MHz
A dliohms K| 200 ity o] 200|Q K| 200 o|lc 50|Z0
Yarman.s1p file oj@mMHz OfE@mHz Qji@MHZ 0|@mHz Dj@mMHz Qj@MHz | simplified (Mdl shitch W
0.2500|M Ola
0|b
16:1 o
. 0|d
transformer 2=t

Using same LPP6 circuit topology as Yarman, but changed transformer to standard 16:1,
Recomputed circuit element values using ZNET.



Yarman’s Monopole Example
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Yarman’s Monopole Example
SRFT and ZNET VSWR Comparison

SRFT VSWR ZNET VSWR
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Antenna Height Variations

e Vary the height above ground of 40 m % A inverted
“V” wire antenna using same LPS6 equalizer circuit;

— Apex height @ 25 feet
— Apex height @ 30 feet (design height)

ht @ 35 feet

— Apex heig
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40 meter % A Inverted “V” Wire Dipole
versus Apex Height Using Same Equalizer Circuit

25 feet

30 feet
(design height)

35 feet
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15 meter wire delta loop
hardware test
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15 meter wire delta antenna test

VSWR before equalizer

Min SWR= 536 @ 20900 MHz AVG= 8
SWR
10.04 .
1000 [ 100
9.0 o 5
Freq = 20 9278
bo + Freq Step = 0.010
Zref= 50.000
70 SWR - 5373
Zmag = 200.576
1 Phase = -39.959
Rho Mag-0.6862
s11= 0.6494 - jo 2217
5.0 500—— % refl power = 471
DC Voltage = 13.67
4.0 Return Loss= 3.27dB
Short/Open Circuit:
30 Cable Los: 64dB
- Equivalent Circuit:
Rs = 153 742
2.0 + X=s =-128.818
Q=038
Cs= 59.036 pF
1.0~ 1
Rp = 261677
1 1 1 1 1 " 0 Xp =-312.306
! ! ! ! ! ! Cp= 24351 pF
L 20.900 21.000 21.100 21.200 21.300 21.400 21.500 21.600
o FREQ-(8-050-Miizidiv) 4 Gp = 0.003822
s Bp = -0.003202
5
(dB) T
9.0 1
120 1
150 500 1 S50
18.0 1
210 1
240 1
270 1
300 -1000-— 100

Aug 27, 2015 11:27:35

FILES: (prog 910A)
coax_end.acal
_AIM_config.cfg



15 meter wire delta antenna

Smith Chart




QRP Test Equalizer at 15 meter Delta
Loop Feedpoint
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VSWR of QRP “T” Equalizer

Using Low-Cost

NTE Ceramic Capacitors

Min SWR= 133 @ 21.350 MHz AVG= 8
SWR
90 — S—
1000 [ 100
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VSWR

15 meter delta antenna VSWR

measured at ZNET equalizer input
at antenna feedpoint

1.45

1.4

1.35

1.3

1.25

1.2

1.15

1.1

1.05

1

Using ATC Hi-Q capacitors, no coax
pigtail, and no feedline choke.
Measured with HP VNA, S11 data
used to compute VSWR.

20

20.25 205 20.75 21 2125 215 2175 22 2225
Frequency (MHz)
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Next Steps in ZNET Experiments

Improve the accuracy of the L and C component loss models, add ability to

design optimum inductor geometry,

Improve the circuit topology modification capability,

Merge transmission line models to enable mixed element design optimization,

Add GUI interface, make user friendly,

Test & Evaluate with benchmark problems and hardware prototypes,

Extend optimization to antenna design (G/Q optimization objective).
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Reactive Energies, Impedance, and () Factor of
Radiating Structures

Guy A. E. Vandenbosch, Senior Member, IEEE

Abstract—New expressions are derived to calculate the reactive
energy stored in the electromagnetic field surrounding an electro-
magnetic device. The resulting expressions are very simple to in-
terpret, completely general, explicit and without approximations
in terms of the currents flowing on the device. They are also fast
since they involve integrals solely over the device generating the
field. The new technique is very feasible to be used in cases where
the electric and magnetic reactive energies are important in prac-
tice, especially in the case of radiating structures. Used there, they
allow to study the effect of the shape of the device on the amount
of reactive energy. and thus on the Q) of the device. The implemen-
tation of the new expressions in numerical CAD tools is extremely
simple and straightforward.

Index Terms—Poynting theorem, Q@ factor, radiation, reactive
energy.

I. INTRODUCTION

is incorporated for spherical wire antennas. Relatively recently,
Geyi [ 7] published a technique to calculate the reactive energies
taking into account the exact topology of the, in this case, small
radiator considered. He used a combination of the Poynting the-
orem in frequency and time domain to separate electric and
magnetic reactive energy.

Shlivinski performed a study of the reactive energy com-
pletely in the time domain, aiming at applications involving
pulsed fields [8]. A brute force technique is used in [9], where
the authors calculate the reactive energy using the FDTD
method. A very complete paper is [12]. This paper gives a
state-of-the-art overview of techniques and formulas to cal-
culate impedances, bandwidths, and () factors of antennas.
However, no method is given to calculate the reactive energies
explicitly. The calculation of the () factor is based on the
knowledge of the derivative of the impedance.

Also see http://www.eit.Ith.se/index.php?uhpuid=scd.mgu&hpuid=139&L=1
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The Measurable Q Factor and Observable
Energies of Radiating Structures

Miloslav Capek, Student Member, IEEE, Lukas Jelinek, Pavel Hazdra, Member, IEEE. and
Jan Eichler, Student Member, IEEE

Abstract—New expressions are derived to calculate the QQ factor
of a radiating device. The resulting relations link Q based on
the frequency change of the input impedance at the input port
(Qx,Qz) with expressions based solely on the current distribu-
tion on an radiating device. The question of which energies of a
radiating system are observable is reviewed, and then the proposed
Q factor as defined in this paper is physical. The derivation is

Qased on potential theory rather than fields. This approach hen(‘y

automatically eliminates all divergent integrals associated with
electromagnetic energies in infinite space. The new formulas allow
us to study the radiation Q factor for antennas without feeding
(through e.g., characteristic modes) as well as fed by an arbitrary
number of ports. The new technique can easily be implemented in
any numerical software dealing with current densities. To present
the merits of proposed technique, three canonical antennas are
studied. Numerical examples show excellent agreement between
the measurable Qz derived from input impedance and the new

electric and magnetic fields in all the space are involved, they
are not practical for numerical calculations.

It 1s known that the total energy of a radiating system in the
frequency domain is infinite. This 1s true for the total energy
evaluated from electromagnetic fields (which are stored m an
infinite volume) [5], [6]. Rhodes [7] showed that for observable
energies the infinities 1n the integrals cancel in a special way.
leaving a finite residue. Vandenbosch [2] was able to analyti-
cally subtract the far-field energy from the total energy, isolating
the residue and developing expressions for modified vacuum en-
ergies based on the currents at the radiating device, and he used
them for evaluating ().

This paper 1s mspired by [2], [3], [5] and [6]. but the line of
reasoning 1s different. It i1s recognized here for the first time
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Stored Energies and Radiation Q

Wen Geyl, Member, IEFE

Abstract—This paper discusses the methods for evaluating the
stored electromagnetic energies and the radiation QQ for an arbi-
trary lossless antenna. New expressions for the stored electromag-
netic energies are derived by using the Poynting theorem in the
C N A’ i Y * al i i !
theory and are validated by numerical examples. The minimiza-

tion of radiation Q for small antenna is also investigated. There
exists an optimal current distribution that minimizes the radia-
ion O for specified small antenna geometrv. The optimized Q and

the optimal current distribution for small antenna may be deter-
mined by solving a generalized eigenvalue equation obtained from
the Rayleigh quotient for the radiation Q.

Index Terms—Antenna Q, antenna theory, stored energy.

I. INTRODUCTION

HE antenna (or radiation) Q has been a research topic

for many years [1]-[36]. According to the IEEE Standard
Definitions of Terms for Antennas, the quality factor of a res-
onant antenna is defined as the ratio of 27 times energy stored
in the fields excited by the antenna to the energy radiated and
dissipated per cycle:

Tmpressed | Input |
source | terminal |

| r 3 |l
J i

iy | o | \ Antenna
- Feeding line (scatterer)
i :

»
Regionl

)

Region2 Region3

Fig. 1. First antenna model: an arbitrary antenna fed by a waveguide.

energy (2) has taken account of all the stored energy around
the antenna, including the part of the energy inside the circum-
scribing sphere of the antenna [5]. Equation (2) has been directly
used to calculate the stored energy of antennas in [6] and [7] by
using FDTD. The stored energy quickly becomes stable when
 1s increased to one or two wavelengths since the stored ener-
gies are localized in the vicinity of antenna. This fact can also
be verified by the following reasoning. Let # be the radius of
the sphere that encloses the sources. It has been shown that the
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Extending ZNET
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Benchmark Antenna Problems for Evolutionary
Optimization Algorithms

Mario Ferndndez Pantoja, Member, IEEE, Amelia Rubio Bretones, Senior Member, I[EEE, and
Rafael Gémez Martin, Senior Member, IEEE

Abstract—A set of antenna-optimization problems Is presente
that satisfies the necessary requirements to form a test suite useful
for measuring and comparing the performance of different evo-
lutmnan optimization algorlthms (EAs) when thfw are applied to

posed test suite to ﬁnd strong and weak pomts of any EA is illus-
trated by a complete study of four broadly used evolutionary algo-
rithms carried out with the aid of the new test functions.

Index Terms—Antennas, genetic algorithms (GAs), optimization
methods, particle swarm.

finding the probability rates that best fit the algorithm for typical
optimization problems.

At this point, a lack of standardization is detected for
choosing the functions belonging to the test suite although
several guidelines have been introduced in [10] and [11]. So
long as these functions are selected properly, the algorithm will
optimize correctly in other cases. Moreover, the availability of
standardized sets of test functions is of great importance for
comparative studies of different algorithms, since comparisons
implemented over unequal test suites may lead to erroneous
conclusions.

231



Available Impedance Matching
Software Applications

OpthatCh http://www.microwavesoftware.com/optiad.html

Optenni http://www.optenni.com/

AnTune http://www.antune.net/index.html

Zmatch http://www.nuhertz.com/software/zmatch

Wmatch http://www.mikehutt.com/imn.htm (C++ source code)

Ematch b.s. Miron, Small Antenna Design. Newnes, (2006). (MATLAB
source code)

M. Bakr, Nonlinear Optimization in Electrical Engineering with Applications
in MATLAB, IET, London (2013). (MATLAB source code)



http://www.microwavesoftware.com/optiad.html
http://www.optenni.com/
http://www.antune.net/index.html
http://www.nuhertz.com/software/zmatch
http://www.mikehutt.com/imn.htm

Interesting Antenna Design
Optimization Software Tools

ANEC2 (simplex and genetic algorithm optimizers)
— http://www.gsl.net/4nec2/

Nikiml’s Antenna pages (Differential Evolution)

— http://clients.teksavvy.com/~nickm/scripts.html

NEC Lab

— http://www.ingenierias.ugto.mx/profesores/sledesma
/documentos/index.htm

The Applied Computational Electromagnetics
Society [ACES]

— http://aces-society.org/software.php



http://www.qsl.net/4nec2/
http://clients.teksavvy.com/~nickm/scripts.html
http://www.ingenierias.ugto.mx/profesores/sledesma/documentos/index.htm
http://www.ingenierias.ugto.mx/profesores/sledesma/documentos/index.htm
http://aces-society.org/software.php

Thank You
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