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1 Introduction

For several years, we have with great pleasure conducted workshops on dealing with network analyzers, and in
particular with the VNWA of DG8SAQ. In these workshops, we show the opportunities offered by these instrume
and how they help to better understa the fascinating world of higfiequencies. The first version of this document

was created after Hamradio 2017 to give the participants of the VNWA workshops more hints for future referenc

Times are changing, and with it the questions of the partidipaheir wishes and their prior knowledge. In recent
years, countless other devices have come onto the markath very different characteristics.

This document is intended to help you to get an overview:

- What does a network analyzer do?

- What are the dferent types, and what advantages and disadvantages do they have?

- How can | get started?

- What should | consider if | want to buy a VNWA.

- A quickstart aid for VNWA novices who need an introduction to the VNWA application. Topics from the
workshops will beliscussed again.

- The following chapters, in the second half of the worksheet, are addressed to advanced VNWA users an
show what else is possible with the VNWA. But the VNWA help file shows that the measurement tests
described here are just a small sampfahe possibilities.

I would like to encourage you to read three books, which | personally find very good:

Gerfried Palme DH8AGas written two books on VNWA with a lot of passion, in which he explains many
features and leads you in detail through various experiments. | recommend the tests tebbétrend to
carry out your own measurements. In my workshop notes | refer todog&din many places, as they are a
very good addition or further reference.

Gerfried Palme; "Measuring with the VNWA2 / VNWA3 vector network analyzext,.dh8ag.de

Gerfried Palme; "Measuring with the vector network analyzer VNWA2 / VNWA3 Volume/®dh8ag.de
Joachim Miillerhas written a vengood book about Smith diagrams. In my chapter on Smith diagrams, | v
refer to this book again and again and see it as a foundation and continuation.

Joachim Miiller; "Smits A  ANJ YY 9AYFNKNHzy3 de¢rRg t N} EA&f SAGTL

EnglishTranslation by Alan Rowe MOPUB
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2 What is a vector network analyzer, or a scalar network analyzer?

In highfrequency technology assemblies of resistors, capacitors and semiconductors are called networks. These may
be antennas, crystals, filters, balunsanisformers, lines or even an entire amplifier.

In a network analysis one typically wants to determine the transmission loss of an electrical network, such as an IF
filter. To do this we apply a signal of known frequency and known power to the input oktherk and measure

the output power. The insertion loss is the ratio of output to input power. If one also uses a VSWR bridge, the power
reflected back from the input can also be measured. The return loss is the ratio of reflected power to applied power.

In vector network analysige.g. with the VNWA of DG8SAQ) we measure not only the amounts of power of reflected
and transmitted, but also the phase shifts of these two relative to the input signal. At first glance, the phases seem
uninteresting, but onloser inspection much important information can be derived from the phase.

For example, transmission lines with either a skhortuited and an open end reflect 100% of the incoming power. In
both cases, theeflection factor is therefore {reflection codf. is +1for openandc 1 for short). Thus the return loss
alone does not distinguish between a shoitcuited and an open cable end.

With the phase information it is easy to make this distinction: an open line reflects without phase shift, a short
circuit reflects with 180° phase shift.

From the return loss along with the phase shift we can calculate the true input impedance of akdteor which

we can in turn calculate a network for power matching. A typical application would be, for example, the power
matching of a transmitter to a transmitting antenna.

Another application would be the measurement of an unknown capacitor or al¢od gives not only the
capacitance or inductance, but also the electrical quality of the component.

If we measure an electric twport network (such as a quartz filter) for reflection attenuation and transmission
attenuation in forward and reverse dicdons (and the corresponding phases), then one can use these
measurements to simulate the twport electrical circuit on a computer. The surrounding circuit can then be
mathematically optimized. (Source: DG8SAQ; CQDI03)

There are also very simplevices that cannot measure the phase. They are caltathr network analyzerée.g. FA

NWT2). Here the most important factor, the phase, is missing. They provide a limited view of the world of high
frequency but have a shorter learning curve and are 8ligtheaper to buy.
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2.1 SParameter
The Sparameters specify how the measuring signal is attenuated / amplified or reflected by the object being
measured.An amplifier has an input and an output. The measuring signal can be directed once to thenidmurice
to the output.

- S2l:indicates how much the
measuring signal is attenuated /
amplified (forward direction).

- Sll:indicates how much the
measuring signal is reflected (forwarg

direction) and how well the input Messsignal vom :
impedance is adjusted. Network Analyser Absorbierte

ausgesendete Energi Energie
Now the measuring signalcanbe | [ e \

directed to the output of the device abgestrahlte Energie>
being measured. This then results in th y
Sparameters for the return direction.

4

Messobiekt

- S12:Specifies how much the
measuring signal is attenuated (reverse direction).

- S22:Indicates how much the measuring signal is reflected (return direction) and how wellithet impedance
is adjusted.

For ease of understanding, let's consider a simplified optical model. When light hits a coloured piece of glass, a |
of the light is reflected, part of the light is transmitted, and some of the light is absorbed in thet.dbight can also
pass from the other side of the object.

The Sparameters are specified in the logarithmic scale, in dB. 0 dB means that all of the energy is reflected back
the total energy of the measuring signal leaves the object unattenuated.

Often, two different forms of graphical display representation are chosen for the fpar&neters. The normal
Cartesian coordinate system for the scalar information: attenuation, amplification and reflection. But such
representation is not enough becauyder example, it lacks information which is necessary if you want to understan
why an adjustment is particularly good or bad. For example, does the input of the circuit to be tested have an
inductive or capacitive component? The second form of represiemtas the Smith chart. We explain this in
chapter3.

The main advantage of a vector network analyzer, as already noted, is that both amplitude and phase are
measued. While a simple amplitude measurement with a scalar network analyzer is much easier to perform, a
vector network analyzer such as the VNWA requires a significantly greater effort to use. A purely scalar amplitud
measurement (eg with the FA NWT2) mayshéficient in many cases. An example would be the gain curve of a
home-built amplifier. The scalar network analyzer provides feedback on whether the implementation is good or b
- but nothing more. A measurement with a vector network analyzer (VNWAwoimprises both the phase and

the amplitude, however, allows much more about the test object to be determined. Only in this way, for example,
can we tell if a mismatch is capacitive or inductive, and look for a matching circuit.

7von63


mailto:dk7jb@yahoo.de

Dateinameworkshop_rmtes_volume_1_english_version_025.docx

Workshop Notesz Volume 1 J6m DK7JB  mail@k7jb.de

2.2 Why and how network anal yser devices must be calibrated

All components of a vector network analyzer have a frequency response and phase respactsérack segment

and each plug, resistor or semiconductor. The higher the sampling rate, the more significant the effects. This applies
to low-cost starter devicesas well as to professional devices that have the price of a small family home. Correcting
these effects separates the.

Through calibration of the analyzer, these system errors are eliminated with the help of mathematics, and thus
almost completely compesated. The VNWA of DG8SAQ stands out in this respect due to a comprehensive
implementation of the mathematics at this point. With a lot of mathematics, a good Vector Network Analyzer can
then display results as if it were directly connected without catiebe device under test (DUT). So what especially
matters is excellent software which is also maintained and developed.

For successful calibration, calibration standards with known electrical characteristics (Short, Open, Load, Through)
can be connectedaotthe test leads and measured. From these measurements, an error correction is determined,
which completely describes the system error of the analyzer and enables subsequent compensation of these errors.
Every detail contributes to the elaborate error gaction. As already noted, this process separates the wheat from

the chaff.

Further information can be found here:
- chapter5.1"VNWA: how tareatea Master Calibratichon page 30 in this document.
- Help file in the VNWA software
- Inthe book by Gerfried Palme DH8AG; "Measuring with the vector networkzema/NWA2 / VNWA3
Volume 1"; Chapter 1
- b+xSOG2NI ySGge2N] Fylfeara dzaiay3d GKS SEFYLXES 2F +b?2
FA 8/12 pp 82825 and FA 9/12 pp 92829

What calibration standards are used with the VNWA?
OPENfor the Open, as the name already suggests, the measuring line is open, so terminated with nof
The open end of the line causes a total reflection of the entire measurement signal. In this measurem
attenuations and phase shifts of the lines ete determined.

SHORTWith a SHORT, the measuring line is slooduited, which also results in a total reflection of the
measurement signal. The phase of the signal is rotated by 180° compared to the OPEN measuremen
LOADIn a LOAD measurement, thediis closed with a defined load resistance (in this case 50 ohms).
measurements are compensated relative to here.

THROUGHnN a THROUGH measurement, both measuring lines (TX and RX port of the VNWA) are
connected. The input port of the measuring instrent, for example, can be calibrated in this manner.
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3 The Smith Chart

In this chapter | describe the simplified basics of the Smith chart. | largely avoid formulas and allow some
simplifications to aid easier understanding. First, | describgttysics around resistance, coils and capacitors, and
then go to the historical background and finally explain the type of display employed in the Smith chart.

3.1 Physical basics

- Resistance Voltage and current curve
Resistance behaves in a straightforwarayw\When a voltage is applied, current increases immediately. There is
no phase shift.

- Capacitor- voltage and current curve
When a voltage is applied to a capacitor, it needs to charge initially. Energy is stored between the plates and
first the full arrent flows, and the voltage rises slowly. So the current leads the voltage, and is described by th
term "capacitive reactance".

- Coil- voltage and current curve
When a voltage is applied to a coil, the magnetic field must first build up. The suppdisglés stored in this
field. Current and voltage behavior is exactly the reverse as with the capacitor. Initially the full voltage exists a
the current rises slowly, while the magnetic field builds up. Here, the voltage leads the current. This ieedescri
by the term "inductive reactance".

Summary: With a pure resistance, voltage and current are in phase. With capacitive or inductive reactance, volte
and current are not in phase.

3.2 History

The Smith chart was developed by the radio amatehitlip Smith (1908.987), who had worked as an engineer at
the American Bell Laboratories. He worked with antennas and RF cables. Today's Smith chart is the result of his
efforts to represent the relevant relationships clearly in a graphical way. Thesofygisplay has prevailed in the
professional world for many years. Today it is one of the most important forms of representation of RF electrical
characteristics. Originally matching networks were also "calculated" on the Smith chart. Today, smaiksoftwa
programs do this. The matching tool of VNWA does such calculations in seconds

3.3 The Smith chart

As already described, the Smith chart is a graphical way to show the relationships around matching, impedance,
reflection, VSWR factor and transformation td ainderstanding. This powerful tool for graphic display is a bit
complex and the initial learning curve is therefore difficult.

There is a very good book by Joachim Miiller "Smith cHary’ § N2 RdzOGA2Y YR t NI OGA Ol f
Diagramng EinflkK NHzy’ 3 dzy R t N} EA&f SAGTFI RSy a0 & -eévirbhisprappsed NB I f |
experiments. | want to help you with the basics, so that you find it easier to follow the statements by Joachim in |
book. To facilitate this, some of the diagraared pictures from this chapter are very similar to those in the book.
Also | have conducted some examples of the experiments proposed in this book, in my workshops. The study of
matter is really worth doing on the way to a deeper understanding oféfeionships in the field of high

frequencies. Unfortunately, the book is only available in German.

Be aware that | have tried to simplify greatly, even if that sometimes comes at the expense of accuracy and deta
assume that a deep understandingisly achieved when you perform the experiments from the book and from
everything you read in the book by Joachim. Anyway, | am convinced that complex relationships can only be
understood when dealing repeatedly with the subjestmilar to a spiral. Witleach repetition, something more
profound is learned.
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If an RF signal is applied to a cable and it is not properly terminated, a part of the signal is reflected. The worse the
match, the more the reflectionup to total reflection when a short circuit onapen circuit (infinite resistance)

exist. We calculate the reflection factor from the ratio of the reflected wave to the departing wave. In our
considerations here, we assume a 50 ohm environment. When the cable is terminated with 50 ohms, there is no
reflection. The reflection factor is 0. In the case of a short circuit or an open end, thus total reflection, the reflection
factor is +1 orl (100%).

Spannungsrefelxionsfaktor Irl ! |I { } { ! } I |I I i
0,0 0.1 02 0,3 04 0,5 0,6 07 0,8 09 1
‘ . I I | I | | | | I |
Leistungsrefelxionsfaktor Irl l I ] | | 1 | | | | 1
0,0 0,01 0,04 0,09 0,16 0,25 0,36 0,49 0,64 0,81 1
- | I | I | | | | | I
Stehwellenverhéltnis (VSWR) s i | | | | | ; | | I |
1.0 1.2 1,5 1,9 23 3,0 4,0 57 9 19 i
Nutzbare Leistung am % i i I I I ; i I i I
Lastwiderstand in %
100 99 96 91 84 75 64 51 36 19 0
- I | | | | | I | | |
Reﬂﬂekﬂerte Leistung (Verlust) | | | | | | | | | I |
in %
" 0 1 4 9 16 25 36 49 64 81 100
Ruckfludampfungds  S11 } I E I I 11 I I I i %
o0 -20 -14 -10 -8 -6 4 -3 -2 -1 0
Ubersicht zum Reflexionsfaktor Quelle: Joachim IgitigkDiagramm

In the following figure the reflection factor is represented on a numbered line. In the case of a short circuit-t is r =
and with an open end (infinite resistance) r = +1. The more the cable system termination impedance differs from 50
ohms, the stronger the reflection. Associated real ohmic resistances that cause this are shown above the numbered
line. From this view, the transition to the Smith chart can be clearly derived in a few steps.

z.B. r=0,6 bei R=200Q
R=0Q 50Q / R=eo  Wirkwiderstand

|
rrrrrr1rr1r1rr1r1rr1rr1rririTid
r=-1 -0,5 r=0 +0,5 r=+1 Reflexionsfaktor
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The number line can easily be extendedinother dimension to display the reflection that may be caused by
reactances (inductances and capacitances). The presentation is then in the form of a polar diagram. All around t
outer circle there is total reflection and therefore no values can be dettie circle!

To aid understanding | have shown VSWR values for you.
On each circle all points have the same VSWR.

Upper semicircle
Reflection caused by
inductive reactance

_&& r=0,2

WSWR 1,5 \

| PP real axis
Reflection caused by

real resistors

0908 0706 05040302901 0010203040506 0708 09

» \ +-0,1 " 1 [
1 / ]
1 -Bﬁ, ,’ [
1 ’ I
LY +-0,3 ’ i
fos o 7 Lowersemicircle

Reflection caused by
capacitive reactance

Representation of the reflection factors in the form of a circular chart

We get the full Smith chart when we now successively draw the lines that have the same inductive reactance XL
with varying values of real resistance, R. Additional lines for the same capacitive reactance XC and the same oh
resistance R are also added later. These lines are then also supplemented with lines of conductivity.

You can now imagine that it is sometimestgconfusing, but taken step by step it should be no problem.

Why all these many lines?For a better overview

A series connection of resistors can be easily calculated, since the values of the components are
added together. This is the resfiitbom a group of lines in the Smith diagram that we look at on the n¢
page.

In the case of a parallel connection of resistors, as is well known, we always have to reckon with t
inverse valueg, inverse values are added up in order to obtain an invesdees — — —

There is a group of lines in the Smith chart for this situation also, which we look at on the following
page.
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3.4 Consideration of resistances and reactances (VNWA: Impedance Grid)
In this chapter we look at resistance arghctance

Lines of equal reactance

The left half of the picture show
a Cartesian representation
(normal XY diagram), where
ohmic resistance is shown on the
X-axis, and inductive reactance
XL (in blue) is shown on the Y
axis. In the negative region this ”

corresponds to the capacitive reeller Widerstand R/onm
reactarce XC (in red). In colour | ,zf i m e e sl
have entered lines with the same
inductive reactance. Now these
lines are drawn in the circular
chart. This is only possible if the
lines are curved.

XfOhm
175

{S) (e s E—
125
100

75

induktiver Blindwiderstand XL

50

1%

50 o —————

75

-100

-125

B e L L L

kapatzitiver Blindwiderstand XC

-175

Representation of the lines off Representation of the lines of equal
equal reactance in Cartesian | reactance in the circular chart
representation Inductive reactance values in blue and
(Normal X¥iagram) capacitive reactance in red

Lines with the same real ohmic effective resistance

Now lines with the same real X/ghm
ohmic effective resistance M

follow. In the right Cartesian
chart, these are the colored
vertical lines. For each line, only

induktiver Blindwiderstand XL

the reactance changes. Again, 801
the lines have to be bent in the * _

. . . - reeller Widerstand R/Ohm
polar diagram. In the inductive of 5 s 75 w0 ws i ws

as well @ in the capacitive part
of the diagram, curved lines
result. This time, however, the
lines are mirrorsymmetric to
the real axis hence the circles.

50+

75+

-1001

-1251

-150 1

kapazitiver Blindwiderstand XC

-175+

Representation of the lines off Representation of the lines of equal real
equal real resistance in resistance in the circular chart
Cartesian represntation

(Normal X¥tiagram)
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3.5 Consideration of conductance and susceptance (VNWA: Admittance Grid)

The previously presented lineslpaus to understand series circuits of real resistances and reactances better. In a
parallel connection of resistors, the combinations are easier to understand and represent by considering
conductance instead of resistance. Conductance is the reciprooasistance, and indicates how well an object
passes an electric current (not to be confused with the conductivity).

For a parallel connection of resistors calculations are always performed with reciprecals- —. hversevalues

are added to obtain a total inverse value.

If one now refers all lines and values not to resistance but to conductance a reflection of the previously presente
fAySa NBadzZ 6a 6aSS LINBGA2dza LI ASO @ | WwOSNI deyISESE & a¢
later in the chapter on how to match complex impedances with a series and parallel connection of capacitors an
inductors.

For starters, it's enough that you know how these lines run in the Smith chart and that they exist.
So this is a very rough overview of the subject.

!
i

)

Display of Iinesﬁaf the same reactive conductivity
\/\\ |
y, )

J JJ

Display of lines of the same real conductivity Display of lines of the same real resistance
lEf OANDESa GKFG NBLNBaSyd NBaradlyoS YSSa d dKS
in a series circuit.

All circles otonductance meet at the left edge (R = 0 ohm), since in a parallel circuit, the values are smaller.

Anyone who wants to know more about this can read the book by Joachim.
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3.6 The full Smith chart

Now if you superimpose all the diagrams presented above (see picture), you get the somewhat confusing Smith
chart. | always hide all of the lines that are not needed at the moment and | almost always work with the Impedance
Grid and not with the guide vabs.

This chart looks like the plan for public transport of a big city or the pattern from a magazine for making clothing...

Some mathematics

Complex numberstn our case, we have the resistance on thaxis and the reactance on theaxis. They are
perpendicular to each other. In mathematics, there is the number space of complex numbers, for which the same
correlations apply. A real part and a vertical imagjnpart. Therefore, this is also a useful place to use this number
space. If we look at the complex representation of impedance, the real resistance of 33 ohms and then the inducti
reactance is written behind a "j". The part with the "j" is also caltedimaginary part.

Scalar Amount |: Normally, amount means that the sign is not considered with the size. So only the positive numQg
value is used. The amount is written in vertical strokes: e-4|44

Vector amount| Z|: In two-dimensional spaceht value is the distance between two points in space. In our case, we
have real resistance on theaxis and inductive reactive on theaxis (see picture). The impedance is nothing more thg
the distance from the coordinate (zero point) to the drawn valDéstances can be calculated using Pythagoras formu
since the perpendicular values form a rigarigled triangle. (Example on the next page)

Dear mathematicians and engineers: Please forgive me for this greatly simplified presentation.
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3.7 Entering values of components in the diagram R [~
How can we now plot real values in this Smith chart?
In the following example, a resistor (89 and an inductor (470 nH) are connected in ser
and connected to the TX port of the VNWA. Subsequently, an $asurement from 0.1 VNWA
MHz to 50 MHz is performed. We first consider only the measured value for 20 MHz.
TX-Out
z utati iction): z
Px For 20 MHz (computational prediction £
701 . . —
. 2-334j59 Ohmic resistance R=33V -
[eeresmssnsinssassasnasnnnnnnn ,
ol Inductive reactance XL=w[ ' H™ T HA =L
H N
a0t Impedance in complesepresentation Z=33+]59
XL=590 GND
30 L H —
20} Impedance in scalar representation Z|= Y & =68W
10
R=330Q R
o 10 2 30 a0 50 ST
File Measure Settings Tools Options Help
1 2 3 ]
The real measurement: (measured from 0.1 Smith RealZ Imagz-SII [2 o
00k | 2 T00Me DUA0E s 0 Tam 155t
MHz to 50 MHZ) 3 200MHz 0224085 3600chm  E020chm  70.14ohm
100ckm/ | 4 300MHz 045+ 057 37 Bohm 91.23ohm 98.73chm
5 BO0.0MHz 0.73+ 0.47 4310chm  159.38chm 1657 0ohg
1000ckm/
3
8
2
Here is a photo of the assembly with SMD
X
Components. hsolute MarkerVakies @ edt info
|po [Hz =]
S =0.21962 + i * 0.54631
S S =0.5888 " exp[i*1.1985)
i el | ; E IVSS\IA:R ;4§EBUE1:333 ArglS) = 69.099
7 ,,' . I Z = 35.996 ohm + i * 60.203 chm
. o s & BE | L§L=4;g:1uganﬂhm 0=16724
- AE = ¥ =736 mS 712235 ms
IHRE I71=14.256 mS
= B o Lp=E5035nH 0O=1E724
AW oo o |
. f. , - , - l 2 ? Start = 0.1 MHz C;;;t:r:faEagg mlzz Stop = 50 MHz
it 3 At =0 d8 W 511 Srith F 511 Imag? Continuous
511 = ;)”Manﬂ ~| W 511 RealZ W 511121 Single Sweep
i [Trace 4 /Marker 3 20.0MHz  70.14chm v

In the measurement, the respective markers héveen displayed and by double clicking on marker 3 the detailed
information for 20 MHz is displayed (see figure). The measured values are slightly larger and can be explained

component tolerances.

With increasing frequency, the trace moves ocirgular path in a clockwise direction. The value of the resistor (33
ohms) is independent of the frequency and the value for the inductive reactance increases with increasing

frequency. We are moving on a curve with the same real ohmic effective resstautcwith variable reactance. The
values for other frequencies are easy to read and can be recalculated by you.
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3.8 Measurement examples with real capacitors, resistors and coil

3.8.1 example 1 1 2 : o
In this example, a coil (150 nH) is connected imoh 1 D mmanon 1nohn A Tihn 19 50 o
onmz) 20 10.0MHz <043+ 0.22 15.6Bohpy 9.880hm 18.53chm
series with a restor (15 ohms) and an S11 i | & 0w 0% jeseen o o &
X 5. G0.0MHz 0.04+0.71 17.230hm 43.520hm 52.430hm,
measurement is performed over the frequenc'™™ .
range 0.1MHz to 50 MHz.
As expected, the curve starts at 0.1 MHz on tl
real horizontal axis, since only the ohmic
resistance of 15 ohms has any significant effe
and the inductive reetance of the 150 nH coill
is negligible. With increasing frequency the
reactance of the coil increases and we are
moving in a circle, each point with the same
ohmic resistance value.
RX-In }—
Cal
Start =0.1 MHz Center = 25.05 MHz Stop = 50 MHz
Span = 43300 kHz
VNWA Than <0 ) 511 Snith P 511 ImagZ __Confinuous |
- i“Memw | ¥ 511 Realz W 511 12] Single Sweep
TX-Out
I
2
gl
GND
3.8.2 example 2 i
Now 220 pF is connected in series with 15 ghpy e e s s et i ; — =
. . . xif
At 0.1 MHz, we start with a very high resistanci T oo | Abilds MakorVauss: 7 et i
) . ) ) 1000k B {00MHz 0304072 19.75chpe" -71.520hm  74.200hm @ e =]
on the real axis because the capacitor is still .5 S 20e 24 ZEn SR
. . . . 5 BO0OMHz -0.39340.24 13.800hm -12.27ohm 23.2%0hg
blocking current. With increasing frequency, thouwsm o
H |51= -4531dB AmglS]=-104.06"°
reactance of the capacitor becomes small and vevin s
. . 2 =19.738 ohm - i * 35.09 ohm
the total impedare at 50 MHz is reduced to e n-17777
around 23 ohms. As described on pdg@ewe g 21 048
. .. Cp=17226pF Q=17777
are moving on the lower semicircles because c
the capacitive reactance
RX-In }—
VNWA
TX-Out
Cc1 Cal
Start =01 MHz Csepnatsl:fa.’ggg m—lzz Stop =50 MHz
2200F Thal =048 ¥ 511 Swith ¥ 511 ImagZ _ Continuous |
[ =] = [[Mem1 7] ¥ 511 Aeaiz ¥ 511z Single Swesp
== [Trace 4 fMarker 3: 20.0MHz  40.260hm 4
GND
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3.8.3 example 3

In this example, measurements are
performed at a fixed frequency, but with rocan |~
three different capacitances (see diagram). N
Measurements at only one frequency are | ynwA

%

somewhat difficult. Therefore, in each case | \
measured in the small interval from 20 MHz Tx—omﬂl P Y °/°

to 20.1 MHz, which corresponds fairly close 220pF 4700 mit 2000

to a frequency point. The first two ot = . /-"i
measurements are pushed into the buffers SR e Pl AR
Mem1 and Mem2, so you can view GND B S

everything at a glance after the third
measurement. The picture shows the
measured values below the red dots.

What do we observe?

All measured values lie on a circle, which | have subsequently drawn with a graphics program as a dotted line. V
decreasing capacity the 20 Migpint moves on the circle counterclockwise. That was to be expected since
capacitive reance increases with a smaller capacitance and therefore the frequency point on the graph must
approach a little closer to the "infinitpoint". This relationship is needed if we are to understand the transformation
of complex impedances in the next chapter

3.8.4 example 4

This measurement is similar to the previous

one. Now two different inductors are

sequentially connected to a series resistor ;‘,.’2.‘?".::‘:.?3&”\1__7\

R¥-In |—
.

What do we observe?
With increasing inductance the 20 Midaint | VNWA i 4
moves on the circle in the clockwid@ection.
If a second inductor is connected in series wi e ‘
the first one, their total impedance is larger. It

this way, the frequency point moves further
clockwise.

GND

This relationship is needed if we are to
understand the transformation of complex
impedanes in the next chapter.
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3.9 Parallel circuit or series circuit of inductors, capacitors and resistors

When a complex impedance of an antenna or an assembly is to be matched to a real resistance of 50 ohms, we can
perform this with a series connection or arpliel connection of capacitors or coils. A purely real transformation can
take place easily with transformers or baluns.

What happens if we connect a measurement object with a capacitive impedance to a series capacitor?

Through the series connection,gh
total capacitance is smaller and thus
the total reactance becomes greater.

In chapter3.8.3this was simulated by
measuring with different capacitances \ya ’
First with 470 pF, then with 220 pF,

and then with 47 pF. oo i “‘
c4 0 50 0}90

In the Smith chart, we have observed I

that the 20MHz point moves counter i 7 470 pF mit 20 0m /
in Reihe nach Masse .’f

clockwise along the circle with
decreasing capacitance. |

F;

M 47 oF it 20 ohen

220 pF mit 20 Ohm in Reihe nach Masse

in Reihe nach Masse

In the picture with the measurement
results from example3 this was Hessabjekt
illustrated by an arrow.

What happens if we corect a measurement object with an inductive impedance to a series inductor?

If one switches the inductance of a Rein (—

second inductor in series, the overall e s

inductance is larger and the reactance | vnwa —

increases. Therefore, the point on the

Smith chart moves on theircle, but P in e ch o 4

now clockwise. | l“-\l
i 0 50 od

L 4
Messobjekt
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Parallel connection of capacitors and inductors
For other combinations | refer you to my experiments and leave it to you for your own tests.

Summary

In a parallel circuit or a series circuit, the impedances for a particular frequency move as shown in the following t
images. With this knowledge, we are now ready for real impedance fitting exercises.

Parallel connection of capacitors and inductors Series connection of capacitors and inductors

Links to Smith charts
https://dokumente.unibw.de/pub/bscw.cqi/d351232/smithl new.pdf
http://www.antennenkoppler.de/smith_2/Impedanz_im_Smith_teil2.html
https://www.robkalmeijer.nl/techniek/electronica/radiotechniek/hambladen/ukw
berichte/1984/page023/index.html
http://www.dI8stwblog.freiraumwelle.de/?tag=smitichart
http://www.dl2jas.com/selbstbau/anpassungen/anpass@mhtml
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https://www.robkalmeijer.nl/techniek/electronica/radiotechniek/hambladen/ukw-berichte/1984/page023/index.html
https://www.robkalmeijer.nl/techniek/electronica/radiotechniek/hambladen/ukw-berichte/1984/page023/index.html
http://www.dl8stwblog.freiraumwelle.de/?tag=smith-chart
http://www.dl2jas.com/selbstbau/anpassungen/anpassungen.html





































































































































