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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.
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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

16von 63


mailto:dk7jb@yahoo.de

Dateinameworkshop_rmtes_volume_1_english_version_025.docx

Workshop Notesz Volume 1 J6m DK7JB  mail@k7jb.de

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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3.10 Das Matching-Tool des VNWA
The matching tool from VNWA works slightly differently than the LC antenna tuner presented in Ghapter

Since we have the VNW#&ctor network analyzer, the measured values can be converted into a different
measurement environment. The VNWA uses its matching tool to change the normalization of the Smith chart and, in
the new impedance environment, computes all fogps@ameters with would then prevail and suggests matching
elements.

| illustrate this with an example:
47pF is connected in series with 20 ohms, and then . 1: 20.0000MHz 078i052 _163.5]chm
measured at 20 MHz with a small "Span" (right image). |VNWA
Then, the matching tool is called (setting on VNWA: VNW ™"
Tools Matching_Tool). Once the measurements have be

. : . . . 47pF

taken into the clipboard, a window opemsth settings
(picture below). We need only the areas marked in red. &
Please enter something into the required fields. If a field i ,

. . . . GND e
clicked, the field content can be very easily changed with
the mouse wheel.
=]

File Measure Settings Tools Cptions  Help Start = 20 MHz Certer = 20.05 MHz Stop = 201 MHz
% Refd

Ochm

1 20.0000MHz 000+ 006 48.980hm<_

In Port_1 the parameters for the new measuorent
1 00ehm/ environment can be set. The VNWA can now calculate
what the Sparameters would look like in this new

1
ki . .
environment, and put those new parameters into the
Smith chart. With a port impedance of 1420 ohms and a
capacitance of 49 pF, the measurements (aivitdiz)
would be optimally transformed (see picture).With
"Matching Network Variant" you can choose between
MC four matching circuits, which in a 50 ohm environment
o iy e would achieve optimum matching. In this picture | have
?QM_ -0de ¥ 511 Smith [T 511 ImagZ 7 Mekontnteus | P 9 . P .
[s1 =] 5|Mem1 =] T o1 a8 st 12| - imaezusep|  OPted for no. 4. It must of course be spied for which
! 7 frequency the matching is to be calculated. It can only
[=4 Recalculate to new source and load conditions 1ol
Fort ] P ever apply to one frequency.

Port 1 Impedance I‘I 420 IDhm 'l Port 2 Impedance ISD IDhm 'l
C parallel I I 'l C parallel I I - l
[heq. possible] 43 PF [heq. possible) v pF

Mate, that the matching networks will transform ta the conjugate Port]/2 impedances!

Matching Network | use this matching tool very oftent is extremely

Input Impedance IED I Ohrn 'l Output Impedance ISD IDhm hd l t I
C parallel | - C parallel I I vl prac ICal.
[pagpazibla] 0 i [heq. possible] v Pk

4 | l

[Matching Metwork, ' ariant ~ I atching Metwork. W ariant I 1 = l i i .
See also: GerfrieBalme DH8AG; "Measuring with the
Cp L n
Innjvg;ﬂ—n— Pot1  si | Porz fe——]——o Ou vector network analyzer VNWA2 / VNWA3 Book 2";
DuT s
I T Chapter 3
Cp =209 pF | Lp=39.7 pH
Ls =1.46 uH 0.0 MHz Cs=159nF
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How does the proposed LC adapter transform?

In this example, the measurement object to be adapter to 50 ohms is from CHaptdrhe matching tool of VNWA
provides a proposal for an LC matching network.

The measured object is adjusted by connecting an inductance in series and a capacitor to ground. As shown in t
picture, in his way one can achieve an optimal adjustment to 50 ahms

1. 20.0000mMHz 0.
cp .-
In _LT Part 1 Sij
DuT
Cp =209 pF
Ls=1.45 pH 200
Start = 20 MHz Center = 20005 MHz Stop =201 MHz
To help you here is the image of chaptg9 again
Parallel connection afapacitors and inductors Series connection of capacitors and inductors
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3.11 Impedance transformation example of an LC antenna tuner

In this small chapter, | will explain how the LC
antenna tuner from the Elecraft K2 works and
how a dipole with random legth can be matched
as an antenna. The antenna is first balarfagith
a balun for an unknown impedartcand then

Balun Koax Antennen- | _Koax A e [[] adjusted by the antenna tuner to 50 ohms

Antenne

Empfanger

L1 TRX ~

The antenna tuner from K2 is a simple LC tuner. Depending on the switch positio ™" | — -

capacitor is connected to ground either on the side of the antenna or on the side I _E"
. . . o o . GND

the transceivergieceiver. With this simple circuit a very large range can be adjuste

usually with little loss.
1

T

GND

The following figure shows the areas where the circuit can be matched. Areas where matching is not possible are
grey. An example is drawn in each case

Antenne ; Ll é Empfanger Antenne ; o . é Empfanger

o o & Ledk
T T

GND GND

nach Masse

1 For balund'm writing a craft diary. By the end of July 2019, it should be online. Just go to my
websitevww.bartelsos.deand enter "baluns” in the search.
2 Link: www.dgOsa.de/balunlzulundefklein.pdf
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3.12 Example: adjusting an antenna simulation

In this chapter | use an artificial antenna simulation to describe how an
antenna can be matched. The adjacent diagram shows my simple antenne
simulation, consisting of a series resonant circuit in series with a resistor. |
show how this "antenna" can bealpsted for 10 MHz, although it is actually

resonant at 7.1 MHz
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RX-In }—
VNWA Kunstantenne
r-r—-r————>Y>">>=>"="=7"=7"=7"=7=7+% A
| . I
\ = I
' 1LuwH S ¥ 22 4 |
neou|—mimm—|———{2 |
1 L1 R1 o
1 }
L e e e e e e e e e e e e m— o J

The simulated antenna is measured.
The markers 1 and 2 are fixed frequency markers an
the marker 3 is a minimum marker. This "antenna” is
resonant at the center of the 40m band, but not & 5
ohms

1) 7A0MHz -0.3%+ 0,00~ 82548
Ty 2/ 10.00MHz 0.14+1.53  5[6dB
3 7.09MHg 0,334 0|00 -B25dB

With the matching tool of VNWA the antenna is
matched to 10 MHz. We consider only one port and
build the proposed LC match

Ref2
i
| —
3 | o et—
———— |
i

Cal

Start = 6 MHz Center = 8.5 MHz Stop =11 MHz

Span = 5000 kHz
=
TR Al =0dB ¥ 511 Smith
M 511 o ~

[=1 Recalculate to new source and load conditions: . |} 1”
Part 1 Part 2
Port 1 Impedance 73 Ohkm - Port 2 Impedance &) Ohrm -
C parallel K C parallel
[heq. possible) e oF hd [heqg. possible) 0 FF hd
Muote, that the matching networks will tranzsform to the conjugate Poit] /2 impedances!
tatching Metworks
Input Impedance 50 Ohm - Output Impedance 50 Ohrm -
C parallel C parallel
(peqposeble] |D 13 Il [neq. possible] 0 pF hd
@atching Metwark Y ariant 2 LJ Matching Metwork Variarnt 1 d
Cp Lp
In “—‘"‘?:T“— Pt 1 Sii Part2 Out
ouT Cs
Cp =474 pF Lp=795pH
Ls = 539 nH T~ MHz Cs=31.8nF
1| 7I0MHz 0564017 -4|87dB
1008/ 2 10.00MHz  0.08<0.00  -54.06dE:
3 10.00MHz-0.00+ 0.00  -54 4348
Lo
/
— Fef2
Ode
— s
‘-h,_h_\
'-.\\
Cal ‘ \n
Start = B MHz Center = 8.5 MHz Stop =11 MHz
o Span = 5000 kHz
TR AN =08 511 Smith
¥ 511 o8 ~
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VNWA | ____ Antennentuner ~__________ Kunstantenne
| X 3 :
| _539nH ' LwH SR 22 o |

T L 12 1] L1 l Rt 10 |
| A74pF | L __ 3
| I |
Lo____GND___

The proposed matching circuit was built and measured. The implementation has not been fully optimized. A VSWR
of 1.2 was good enough to show me how an antenna coupler operates. At 10 MHz, it does not matter whether an
antenna is matched with a VSWR of art@..2. In reality, one would have to consider the common mode ttapthe

next page you will find this measurement

TA0MHz 033+ M%dB 329 E_““Hx\_

10.00MHz

-0, 06 -21)86dE 118
9.99MHe 006+ Q.08 -21/83dE 118

RN

G

1048/

-

b
X

NS

SR
N

\ |

Fef2
0de

[

/
/
N

[,

N
N
Cal \%/ Reff

Start = 6 MHz Center = 85 MHz Stop =11 MHz 4
Span = 5000 kHz
TXAl 0B W 11 Srith
WS o M 511 vawR
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1. 710MHz 0104052 5518 0334 042
) 2 1000MHz 0/00+0.08 -21.43¢8 -0.06+ 005
108/ 3, 1001MHz 001+ 008 21 4368 -0.06+0.05

117 With braid current choke

10dB/

b MiMpntelwellensperra{sil) In reality, you would still connect a current balun in
' series with the system to curb common mode
currents.Since we are behind the matching circuit
3 1 near the 50 ohm environment, the balun does not
| . = change the S11 and VSWR. In the Smith chart,

| _ r however, the transformations are seen through the
cable of the current choke.

| =
| §

!

ohne Mantelwellensperre
(s11 aﬁls Mem1)

Referenzlinie S11 lcRera
0B

i

RS

More information on coaxial current bats can be

found in Chapteb.3
VSWR
Cal | | | | Referenzlinie VSWR 1| .
Start = 6 MHz Center = 8.5 MHz Stop =11 MHz
_ Span = 5000 kHz
Txan =048 M 511 Smith ¥ Mem Srith @ Mem VSWR
¥ s11 de M Meml d& 2

For antennas one should ask the antenna experts. Here are some links to the high
recommended lecture slides by Max Rilegger, HBOACC (Section Bern)

to his two lectures on antennas
https://www.hb9f.ch/bastelecke/pdf/Bern_Antennenpraesentation_Teil 1.pdf
https://www.hb9f.ch/bastelecke/pdf/Bern_Antennenpraesentation_Teil 2.pdf
Then there are detailed documents about the lectures of Max Ruegger, HB9ACC
Part 1: General, Material, Accessories
https://www.hb9f.ch/bastelecke/pdf/HBOACC Antennen/hb9accl.pdf

Part2: Cables, SWR

https://www.hb9f.ch/bastelecke/pdf/HBIACC Antennen/hb9acc2.pdf

Part 3: Antenna couplers, S%meters, measuring instruments, baluns
https://www.hb9f.ch/bastelecke/pdf/HBOACC Antennen/hb9acc3.pdf

Part 4: Antenna Theory, Antenna Simulation
https://www.hb9f.ch/bastelecke/pdf/HBIOACC Antennen/hb9acc4.pdf

Part 5: Dipoles, Windom antennas, trap antennas, long wire antennas
https://www.hb9f.ch/bastelecke/pdf/HBOACC Antennen/hb9acc5h.pdf

Part 6: Fullvave dipole, tantennas, sloper, loop antennas, vertical antennas
https://www.hb9f.ch/bastelecke/pdf/HBIOACC Antennen/hb9acc?.pdf

Part 7: Voltagalriven antennas, shortened antennas, special shapes
https://www.hb9f.ch/bastelecke/pdf/HBOACC Antennen/hb9acc?.pdf

Here are some thoughts on antenna construction
www.dI2Ito.de/dld/Antennenbau_Gedanken.pdf
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https://www.hb9f.ch/bastelecke/pdf/HB9ACC_Antennen/hb9acc3.pdf
https://www.hb9f.ch/bastelecke/pdf/HB9ACC_Antennen/hb9acc4.pdf
https://www.hb9f.ch/bastelecke/pdf/HB9ACC_Antennen/hb9acc5.pdf
https://www.hb9f.ch/bastelecke/pdf/HB9ACC_Antennen/hb9acc7.pdf
https://www.hb9f.ch/bastelecke/pdf/HB9ACC_Antennen/hb9acc7.pdf
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4 Beginning with VNWA - from buying to first steps
In this little overview | want to introduce you to some hints and recommended.,,
reading to get you started with the VNWA.

Note: Commercial links should only serve as a starting point isghech.

4.1 What can you do with the VNWA of DG8SAQ?

Daten des VNWAS [1]

Typ: Vektor-Netzwerkanalysator
(Amplituden- und Phasenmessung)
Frequenzbereich: 1 kHz bis 1,3 GHz
Dynamikbereich: 90 dB @ <500 MHz,
=50 dB sonst (mit eingeschrankter Genau-
igkeit)

S-Parameter-Messung: Zweitor-S-Para-
meter Sy1, Spy, S12, Spp; Dreitor-S-Para-
meter (mit zwischengespeicherten Werten)
Messdurchlauf: linear, logarithmisch und
nach individueller Frequenzliste; max.
65000 Datenpunkte, Sampling-Zeit ein-
stellbar 16 ms bis 100 ms; bei Ultrafast-
Sweeping bis zu 6250 Datenpunkte/s
Kalibrierung: (normale) und Master-Kali-
brierung

Antennenmessung: FuBpunktwiderstand,
Stehwellenverhéltnis, Rickflussdampfung,
Horizontal- und Vertikal-Strahlungsdia-
gramm, Anpasstopf
Komponentenmessung: Widerstand, Leit-
wert, Kapazitdt und Induktivitat (mit Ersatz-
schaltbild), Glitefaktor
Schaltungsmessung: Verstarker, Damp-
fungsglied, Leistungsteiler, Anpassschal-
tung, Quarz, Quarzfilter, Saugkreis, Sperr-
kreis, Bandpassfilter, Transformations-
leitung, Balun

Koaxialkabelmessung: Ldngenbestim-
mung, Aufsplren von StoBstellen, Wellen-
widerstand

Spektrumanalysator-Modus unterhalb
100 MHz

Eingangspegel: <0 dBm
Signalgenerator: ohne Filter, max. Aus-
gangsleistung -12 dBm @ 1 MHz, mit stei-
gender Frequenz abnehmend; einstellbares
50-dB-Dampfungsglied in 0,1-dB-Schritten
Betriebssysteme: Windows7, Vista (64 Bit
und 32 Bit); XP, ME, 2000, Windows 98
Sprache (Bedienung und Hilfedateien):
Englisch

Spannungsversorgung: iiber USB 1.1, 2.0
oder extern 5V / = 500 mA

Anschliisse: 2 x SMA, 1 x Mini USB-B,

1 x RJ-11

Quelle: FUNKAMATEUR; FA8/12; S.822

Here is an incomplete collection of possibilities.

If you browse the VNWA help file or leaf through the books by
Gerfried DH8AG you can find many more ideas and suggestions.
Even on my homepageww.bartelsos.deyou will find many
examples of my work.

Here are somevays that have not been mentioned in the adjacent
box:

- LCR meter with component quality measurement

- Quartz crystal analyzer

- Measurement of antennas

- Measuring antenna radiation

- Measuring line reflection (e.g. cable length and condition)

On his web site Hdy DL1GLH has compared the VNWA with a
commercial unit of R & &ttp://www.dl1glh.de/vnwa/vnwa.html

Here's a paper by Thomas DG8SAQ on the accuracy of VNWA for
the advanced users among you: for the dd@ad you need to

login to the VNWAYahoo Group and then you will find the file in

the folder.Name: Measurement_Accuracy_Considerations.pdf
https://groups.yahoo.com/neo/groups/VNWAles/A1%20DG8SAQ/
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4.2 Purchase one VNWA with some additional items
Should you still be unsure which VNWA model you should buy, | would always advise you personally to this vers

DG8SAQ USB Controlled VNWA 3E&pansion board)

VNWA Test Board Kincludes Test Components)

SDRkits Cal Kit of Rosenberger parts in Presentation Case 12 GHz

2 times: SMA Connector Flat tensioner 8, 6, 5.5, 5 mm and 5/16 inch (Low cost special SMA tool)

= =4 =4 =4

The 'Expansion Board"EC is important so that the measuremenite can be halvedVhen matching filters and
amplifiers, this is very helpful.

TheRosenberger Cal Kiis very convenient to use! In the picture you can see
the connector from the calibration elements kit marked by me with a paint pq
The mark protects@ainst confusion with other connectors. The electrical
characteristics can be found here:

https://sdr-kits.net/documents/Rosenberger Female Cal_Standards rev5.p| s

“ "Short" - Kalibrierung

"Open" - Kalibrierung
"Thru" - Kalibrierung
"Thru Match - Kalibrierung

We have had very good experiences with this calibration Kit.

Then you still neetigh-quality cable and SMA connectors and adapters "Load" - Kalibrierung

recommend you that you stock up at amateur radio flea markets. You will
certainly find such items at stalls where GHz itemessald.

In this image, you will find a small collection of my cables, adapters, and-boiteneasurement toolsWith these
materials, we have experimented at the workshop

Please never use cheap plugs or cabMAth those you risk destroying the VNVBAexpensive adapters. Please
dispose of faulty connectors or cables immediately.

Important note: If possibléhe measurement cables should not be removed from the VNWA to protect the VNWA'
connectors. Calibration is always performed at the end of the measuring cable!
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4.3 VNWA software and help files

The VNWA software and other information and help files can baddere:
http://sdr -kits.net/DG8SAQ/VNWihstaller.exe

http://www.sdr -kits.net/vnwasoftware/

On this page you will also find the Help fiea PDF in German. Please print it out and read it thoroughly! The help
file is written as a tutorial with many examples, so it really pays to gradually work through the 500 pages of specific
topics.

For more information on installation and the help fde a PDF in German language:
http://www.sdr-kits.net/vnwasoftware/?21

4.4 Recommended books, videos and other sources

These two books are highly recommended. They are to be understood as a workbook and should be thoroughly
studied, at least in parts: "Measuring with the vector network analyzer VNWA2 / VNWA3" Volumes 1 and 2 by
Gerfried Palme:

http://darcverlag.de/Messermit-dem-VektorNetzwerkanalysato/ NWA2VNWAS3
http://darcverlag.de/Mesenmit-dem-VektorNetzwerkanalysatoW NWA2VNWA3Band2

The book "RF measurements for the radio amateur" by Hans Nussbaum, DJ1UGA, is very practical, even if it is not
specifically tailored to the VNWA. Recommended.
http://www.box73.de/product_info.php?products_id=2939

Very good video presentations by Thomas DG8SAQ for the VNWA provide important background information and
tutorials at:http:// www.dg8sag.darc.de/lt is worth watching these videos without distractions. Strong
recommendation !!!

Here are the direct links:

HAMRADIO 2012 DG8SAQ VNWis://www.youtube.com/watch?v=SsbGARNM

HAMRADIO 2013 with slides part 1 German vergtts://www.youtube.com/watch?v=bXfMaQBBHq4
HAMRADIO 2013 with slides part 2 German vergtts://www.youtube.com/watch?v=nLYBcLtxpeQ
HAMRADIO 2014 German as recortiégs://www.youtube.com/watch?v=ed3ag1TolLBc

There you will also find more recent films, but directed moredwamced users.

| strongly recommend the VNWA forum to you. Here questions can be asked and you will also find relevant software
and PDF documents. You have to register for this forum. It is advisable to add an extra email address for this forum,
since almessages are sent via emdiltps://groups.yahoo.com/neo/groups/VNWA/info

Mini Toroidal calculator to calculate inductanchgp://www.dlOhst.de/mini-ringkernrechner.htm
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4.5 Getting Started with the VNWA
The VNWA is a very powerful measurement tool. Therefore, it requires a certain amount of training. | would like t
recommend you look at the videos and PDFs mentioned, and work through them.

To help you get started, Kurt Poulsen OZ70U put a lot of effort into creating videos for beginners. These videos
all in English. Please watch the videos closely.

"Installingtl  + b2 ! &2 7F{ g hitpE/Aviw.youtube.com/watch?v=TOMj4jaUSKs

"First time with the VNWA softwarehttps://www.youtube.com/watch?ecuL jsJYpODc

"First time calibration of the VNWAhttps://www.youtube.com/watch?v=culjsJYpODc

On the VNWA page of SBRs you can find very good step by step instructions in German for théngtallation
and the first measurement:
https://www.sdr-kits.net/documents/VNWA3_Ans_Laufen_bringdd0 W8 W?7.pdf

On the homepage of Gunthard Kraus DG8@Bw.gunthardkraus.de you will also find an introduction to the
VNWA:http://www.gunthard-kraus.de/VNWA3/VNWA3utorial. pdf
Everything is explairestep by step. You should also work through this tutorial.

"Vector network analysis explained using the example of VNY&pi3ode 1 and 2. Radio Amateur FA 8/12 p 822ff
and FA 9/ 12 p 926ff

If you have installed on the software as shown in the vidstasied the software for the first time, and performed a
calibration, it's time for a first measurement. Take a Riglss or lowpass filter from your collection and perform a
measurement as we practiced together in the workshbjpe tutorial of Guntharavill help you.

4.6 Advice to VNWA beginners when the first hurdles have been overcome
Soyou can you get an idea of what you can do with the VNWA, | have listed projects in thisctioh, which you

can find on my website.

All about band filters and quartz filteristtp://www.bartelsos.de/dk7jb.php/projekte/quarzfilterund-bandfilter/

Here you will find many measurements can be carried out on a receiver with a VNWA:
http://w ww.bartelsos.de/dk7jb.php/experimentam-k2-mit-baumappe
http://www.bartelsos.de/dk7jb.php/selbstbatirx-2012
http://www.bartelsos.de/dk7jb.php/defkubikverstaerker

A low noise amplifier with transformer negative feedback and high linearity. The "panacea" for the short wave
region:
http://www.bartelsos.de/dk7jb.php/derkubikverstaerker
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5 Measurements for beginners - useful information

5.1 VNWA: how to create a Master Calibration
Here is the procedure to create a "star Calibration":

First of all, with a normal calibration every time you change the sweep start or stop frequencies or the number of
points, the calibration is invalid and thus must be recalibrated. To avoid this cumbersome procedure, the Master Cal
was nvented.

1) Calibrate with the maximum count of 8192 points and with the maximum permissible sweep time.

2) Select the maximum width frequency range of 1 kHz to 1300MHz

3) Perform a SOLT calibration (SOLT means short, open, load, through). Crosstalk cal (stossldligally
only be used if you have to avoid crosstalk, otherwise you can simply omit that item.

4) After SOLT calibration press the button "save cal as master cal", the calibration data will then be saved under
a name which you enter. | recommend you @asdescriptive name, such as MC_sw_coax_1KHz
1300_8192pnts_8_Aug_12.

Indicating: MC: master cal, sw_coax: the short black coaxial cables used for measurement, frequency range,
number of measurement points, date. This information helps in retrieving thecocalibration.

5) NOTE: if you see a red M in the green display points then there is a single MC (Master Cal), and as soon as
the Master Cal has been loaded, the red M disappears.

6) Note: if the number of points or the frequency range are changed now framtaster cal, new calibration
data is interpolated. This is indicated by a green M in red display points (in the Cal menu).

7) Note: you can create more than one Master Cal file, but with different names.

8) You can restore a saved Master Cal again at any timEile> Retrieve> MasterCal.

But | also like Master calibrations o200 MHz with 600 points and maximum sweep time selected. That's my main
measuring range. Here the focus is on the reduction of noise.

More information on calibration can be found in the book by Gerfried "Measuring with the Vector Network VNWA?2 /
VNWAS3 Volume 1" in Chapter 3. Throughout the book Gerfried goes into great detail on the basics of calibration and
also specific aspects that@hld be considered in detail.
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5.2 4.915 MHz Quartz filter measured and adjusted correctly
Here, a quartz filter is reneasured and provided with new transformers for
impedance matching

The first measurement shows the crystal filter after the two,,,
transformers have been removed and the filter circuit is Y et
directly soldered to the SMA connectors. The direct - [

measurement shows extremely poor matching, as you wot y
expect. For the measurementst S11 and S21 are } \

measured. Then the filter is reversed at the measuring cab / \
of the VNWA, so the filter input and filter output are \
swapped. The measurement direction at the VNWA is
changed by selecting the return direction under the VNWA // \
Measure Diretion. Before the measurement, you have to ,r/ \
have all four $parameters displayed as in the picture. Then ., W

Start = 4.905 MHz

.

91454MHz
2 491521MHz

13794
-20.93df

-0.36d]
-0.07d|

EETE R
2093fE  O07E
1008/ e

Center = 4.915 MHz Stop = 4.925 MHz

the return direction can be measured Span = 20z
T aH. = 0dB M sz a8 V512 g [T 521 Delay
W 511 B ¥ 52z B r

Now the matching tool performs a virtual adjustmerstee picture below. The best curves for the foypdBameters
are obtained with a filter impedance of 1030 ohms.

[=d DGBSAQ - Vector Network Analyzer Software - Jo -10] x|
File Measure Settings Took Options Help
1048/
108/ L5 Feit
0dg
1048/ 1
Y
10de/| / \
EX
[=J Recalculate to new source and load conditions (=] 3]
~Port 1 Part
/ Poit 1 Impedance 1030 IUhm hd Port 2 Impedance 1030 Ohm 7
C parallel C parallel
- s ek N [F = (heg. possible) ! |
/ Mate, that the matching netwarks will tansform ta the conjugate Part1/2 impedances!
[ Matching MNetwork:
Input Impedance 50 IDhm - Output Impedance IEU Ohm -
""‘ C parallel C parallel
y fneg possible] ! S e PN fo ¥ o
tatching Metwork Variant |1 B Matching Metwork Variant 1 hd
1: 4.91454MHz | -0.95dB 912d8 -0.984B -9.17dB| Lp Lp
2 4.915201MHz | -0.41dB | 206348 0.41de | -21.55d! ‘”°_| Part 1 Sij Port2 |—° Out
Cs puT C:
Cal J_
Start = 4.905 MHz Center = 4915 MHz Stop = 4925 MHz
= Span=20kHz Lp =763 pH Lp=7.47 yH
T A =0dB ¥ 521 de ¥ 512 B [T 521 Delay Ci =146 pF |4.a15 MHz Cs =146 pF
W 511 de 7 522 a8 r
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Since it is usually too cumbersome to match with LC elements, | mostly use double holubertrager
cores. To speed up the calculation | have written a small Excel spreadsheet. You can f
on my websitehttps://www.bartelsos.de/dk7jb.php/uebertragemit-doppellochkernen

Quellimpedanz: 50 Ohm
Zielimpedanz: 1030 Ohm

For the shortwave region | always wind on the dodiide core BN42402. For the
primary winding always-2 turns and the secondary winding not more than 15 turns. |n (Anzah!an Windungen

Primar Sekundar
case two turns were wound for the 50 ohm side and then 9 turns on the secondarfpsidt 1 4,5
2 3,1
1030 ohms 3 13,6
a 18,2
BN43-2402 5 2,7
L] 7] 27,2
e )|(Ce 7 31,8
2 Windungen : 9 Windungen 2 Windungen 9 Windungen
|
®
GND  GND
The "hot" end of the transformer is marked with a dot
1046/ 14 491476MHz| -1.92d§  -16.94dB -1.890B  -16.2kdB
210 114 kHz -0.67dg 5.854| -0.66dB 3.94de
. . 1048/ 3
The following figure shows the measurement of the s
guartz filter matched with the transformers. Do / \ \
. v
The tabular display of measured values can be moved
with the mouse if the table is "tathed" with the left /
mouse button in the region of the frequency data. Wher // \
the right mouse button is clicked in this area, a context - \
menu is opened which allows the width of the bandwidtl "
markers to be changed. The picture below shows a \
bandwidth of BW = 8Hz. The quartz filter then has a 3dI \L
bandWIdth Of 2-39 kHZ- = Start = 4905 MHz Eaglel=429D1§l:\4Hz Stop = 4.925 MHz
pan= 2
At -0d8 ¥ 521 o W 512 de
¥ 511 a8 522 de
ol x| =lojxl
File Measure Settings Tools Options Help File Measure Settings Tools Options Help
1048/ 10de/!
1048/ R 1048/ 4 3 Feft
OdE Ode
10dB/| 10dB/|

10dB/ 10dB/
‘]
Fd
Add Frequency Marker Normal
Maximum

Clear last Marker Minimum "4 \

Clear all Markers absolute Level ¥

| AddTrace Delta
/ - Bandwidth v| Bandpass /
Marker Caption T—T—0CT Bgandstop

Ll . : Max Left Down
Realtime Expression Evaluator Max Right Down
Trace Options \ Min Left Up 10 491476MHz | 1928 | E84dB 188B 16 26dB
Min Right U 2¢=1: [1000dB | -11.92dB| -255d 118948 2430
Grid Cptions _—— 32 p@vHe | A1%dRl SINg  120RR 20k
4 491 Position 3 2088 -18.94dB
Show Marker for Trace
Cal cal s ,
Start = 4905 MHz Center = 4915 MHz Stop = 4.925 MHz Start = 4.905 Set Bandwidth Level Center = 4.915 MHz Stop = 4.525 WHz
Span = 20 kHz SRt P Span = 20kHz
= = cl Markes
TRAL =08 W 521 e ¥ 51z &8 Tl =008 e W 512 &8
W 511 dB ¥ 52z dB I 511 dB W 522 dB
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10dB/
Here arethe final measurement for the 19/ b <0Hd.§ra
passband. For a quick sep for a 10d8/
workshop, the values are good and werns/ / \ N\
can be satisfied. I { \

/1
A \
e \

.--P"'/’_ \
14 4.591476MHz | -1.92dB | -16.94dE -1.83d8  -16.264dB 1
24=1: B.00dE 45248 -4 03dE -4.53d -3.897d
-2 2|39 kHz -4.52dB -4.14d8 -5.02d8 -3.93dp
4 4 91506MHz -216dB | -21.4EdB 213d8 -19.614E

Cal -

Start = 4.905 MHz Center = 4.915 MHz Stop = 4925 MHz
Span =20 kHz
=
Te ke, =0 dB W 521 dB 7 512 dB
W 511 dB ¥ 522 dm

Here are two more measurements. The first measurement shows a wide frequency range from 1 MHz to 50 MH:
with 1300 points. The sp band attenuation is roughly 55dB, which would not be enough. The passband of 4.9 Mt
cannot be displayed completely because the measurement points of the VNWA are too far apart with this large
frequency interval. The S21 transmission measurement shawgbints in the measurement curve (marker 1 and
marker 2). In addition to the pass band there is also a disturbance in the stop band at around 14.6 MHz. That shi
be the subject of a more detailed investigation. The right image now shows a measureitireatsmall frequency
interval at 14.6525 MHz. This shows a common feature of crystal filters, that the secondary resonances of the gt
crystals can also form a second passband. That's something no one wants. The remedy would be to create a dif
or an adaptation with LC elements sections in a-Jmgs configuration. The only drawback with LC elements would
be exact tuning. The stepand attenuation could only be improved by a quartz filter with more crystals.

Summary Measurement of 1 MHz to 50 MHz Secondary passband at 14.6 MHz
1048/ 1048/
1048/ 1 Freft 1048/ 1 Felt
— it f\ i
10 1#EMHz  4EB7AE | 2028
2 43MHz  (5974dE | -3.20d8
1
b
_________,—-—f"""
3 il ity
F
1 14.65516MHz | 5.32d8 | -1.55d0) M
nl
MC MC
Start =1 MHz Center = 25.5 MHz Stop =50 MHz Start = 14.645 MHz Center = 14,6525 MHz2 Stop = 14.56 MHz
R Span = 43000 kHz Span = 15 kHz
T =008 P 521 dg Tea -0 [ 521 d8
¥ 511 dB ¥ 511 d8
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5.3 Baluns, UnUns and braid current chokes

In the course of preparation for the workshop in 2019 several participants asked us questions about Baluns, Ununs
and Braid Breakers. This, rather longer chapter, serves as preparation anddpliowthe workshop.

| would particularly like to mention presentation by Gunter DL4ZAO about baluns. Thank you for letting me use the
images and text freehnttps://dl4zao.de/ _downloads/Balun_dl4zao.pdf

22f F3Ly3a 2ALLISNYEYY O alimpessinewebsit that dealsiziiainly ®itH Salurié SridJ
suppression devices. | was also allowed to take content from Himt//www.wolfgang-wippermann.de/

At the end of the chapter you will find more His

As space is limited in this document, | will deal only with the current balun-eetie experiments. For the other
balun types | refer to the two previousiyentioned sources.

5.3.1 Difference: current balun z voltage balun - unun

For the term balun, twoariants are usually distinguished. An Unun must be separately considered again:

- The "current balun" forces symmetrical currents.
A current balun is used as a common mode choke (standing wave trap, common mode choke).
The task of a current balun is to geate at the output terminals equal and opposite currents. As a consequence,
the voltage present at the output terminals with respect to ground will take whatever value is necessary to
produce current symmetry.

- The "voltage balun" forces symmetrical voltage
It frequently serves as an impedance transformer for broadband matching of antenna and cable.
A voltage balun generates at its output terminals equal voltages relative to ground potential. A voltage balun is
often wound with a transmission ratio, sbat it transforms different impedances between input and output.

- An UnUn transforms only impedances. An Unun is a simple transformer, usually in the form of an
autotransformer circuit. Nothing is balanced or suppressed.

A current balun suppresses braid mmts. A voltage balun is not designed to suppress braid currents effectively!

However, a voltage balun can be combined with a 1:1 current balun for this purpose (a Hybrid balun).

On the next page I'll show you an example of how a current balun, a vditdge and an UnUn can be built with a
wound toroid.

Gerfried also deals with baluns ang8rt measurements in his book "Measuring with the vector network analyzer
VNWA2 / VNWA3 Book 2" in Chapter 10.
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Same winding different result

Ubertrager

Qrt 1
:'L_L o) ey >~
GND ! GND
i

GND GND

UnuUn 1:4

GND

Vout= Vin unbalanced| Vout = 2 Vin

to earth

unbalanced to
earth

Spannungsbalun

Port 3
-

2o Port 2
“ e
GND GND

Vo=2Vin=U1l+U2
Ul, U2 are equal and

symmetrical with respect to

ground

Strombalun
P_‘ort 1 P Port(Z__
Y T.s_ ~ 7 "GND
J_ AN '{:-
GND
GND
Port 3

Currents I1 and 12 are
equal and symmetrical

This figure shows clearly how a toroid with two windings can be configured as an UnUn, a voltage balun, or a cu
balun. The picture also shows the possibility of switching the two windings of a 1:1 transfamactually four

ways.

Attention! Exchaged connections quickly make a current balun into a voltage balun or UnUn.

Note: In chapteb.3.51 will wind and build baluns and transformers on four toroids exactly as described here, and

then measure them
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5.3.2 the current balun

In this chapter | first explain the formation of standing wswthen the operation of current baluns, followed by two

examples

5.3.2.1 Energy transport on coaxial cable

Jorn DK7JB  mail@k7jb.de

Due to skin effect, a coaxial cable effectively has three conductors:

- inner conductor

- the screen inside
- the screen outside

The transport of energy takes place as a TEM wave in an
electromagnetic field between the inner conductor and the inside
the shield. In a "Transverse Electromagnetic Mode" (TEM for shqg
the magnetic and electric fields only occur in planes perpendiculd
(transverse) to the direction of propagation. In a coaxial cable, sU
a wave is formed as a guided waMiéor such a TEM ppagation in
the coaxial cable two ideal conductors must exist, their
arrangement is uniform in the propagation direction, and it is
located in a homogeneous space. The current on the inner
conductor and the current on the inner side of the screen are equ
in magnitude but opposite in direction. On the outside of the scre|
no current flow takes place in the ideal case. But if a current flow
on the outside of the screen due to disturbance (e.g. asymmetry)
is referred to as standing waves. | go intsthiore below.

Due to the skin effect, the outside of the screen acts as a separa
singlewire line for HF, it has a slightly smaller loss than the coaxi
cable inside.

SkinEffect

Due to the high conductivity of the
material of aconductor, the electric field
of an alternating current cannot
completely penetrate the material. With
alternating currents, the electric fields
serve as carriers of energy and not
electricity. The interior of the conductor
almost no longer contributes tthe power
transfer. The effective conductor cress
section for electron flow is reduced. The
effective resistance of the conductor
increases. The skin effect decreases the
penetration depth of the alternating
current in a conductor with increasing
frequency

Frequency | Penetration depth
50 Hz 9 mm

500 kHz 0,1 mm

5 MHz 30 um

500 MHz | 3 um

3 https://de.wikipedia.org/wiki/Transversalelektromagnetische Welle
36von63



mailto:dk7jb@yahoo.de
https://de.wikipedia.org/wiki/Transversalelektromagnetische_Welle

Dateinameworkshop_rmtes_volume_1_english_version_025.docx

Workshop Notesz Volume 1 J6m DK7JB  mail@k7jb.de

5.3.2.2 Differential mode current and common mode current
The energy transfer takes pmbetween source and load on the line a: — —

a transverse electromagnetic wave (TEM wave). On two conductors —\ f M—
the line equal but oppositely directed currents flow. This is called "pu:
pull power". The pusipull fields in the line cancel each other. The line 1
does not radiate energy to the environment. Algo interference T
occurs on the line. At the feed point of a dipole the pysiii current on
the line becomes a common mode current on the radiator. Accelerate [J

charges of common mode currents on the antetead to wave
separation (radiation, electromagnetic wavdhe line / antenna
radiates.

X

(DL4ZAO)

Strom und Welle bei einem Dipol

Grafik: Wikimedia

Gegentaktstrom auf der Leitung — Gleichtaktstrom auf der Antenne

The adjacent image shows the fields which result for an ideal 118
symmetrical dipole in the ideal case. / , Speiseleitug \

‘f \ Paral\e\drqht oder Koax \
| \ \

. 4
| \ /

In reality, very few antennas are symmetrical. Different impedances ct " [ 1 —
the dipoles mean differences in potential to ground. The consequence of this inckadae common mode
equalising currents on the feed line. They cause TVI (interference to radio and television reception) and receive

interference from domestic noise

T
/,
i
—
\
—

—~ o/
= 2\ N\,
/ p &

/

(DLAZAQ)

(DL4ZAO)
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- '\‘ e : Energy flows as the current I1 on the inner conductor and as a
current 12 on thenside of coax screen to the antenna. Here,

Dipol Arm1

Dipol Arm2

I1 and |12 are equal and opposite in magnitude. The outer
d Schirm casing of the screen now acts as a separate conductor
Koaxkabel : I2T AuRenleiter ~ between dipole arm 2 and earth. Asymmetry in the antenna
=", 1 : ) results in a potential difference to earthsA result, high
: 1 : Gleichtakt-

. o : I frequency common mode current (13) flows through the coax
Schirm : 11 : 3 strom _ _
Innenleiter\“ : 1 screen outer surface to earth. Now the line radiates and acts

- as an antennal!
Common mode currents are equalisioigrrents which are
provoked by different potentials between balanced and
o[ ] i unbalanced systems.
(o] 1
TRX oo ™ v
(DL4ZAO) 4
TITTT 77777777777 7 =777 77777 777777777477
Erdnetz = -«
Common mode currents are undesiralllecause the screen acts V\ V‘ ‘l Yl
unintentionally as part of the antenna. Screen and dipole act as an addition: = ‘l + ‘l =
Inverted L antennawith all the unwanted effects when sending and receiving -
The pushpull currents are responsible for the desired energy transport in ;hlne
. . alun
the line and thus desirable.
We need a component that allows differential currents to flow freely and
effectively reduceeommon mode currents. It must ensure that symmetrical ‘.\ ‘.l ‘.\
current flows at balanced / unbalanced transitions .‘]~—
.I (DL4ZAO)

strahlende/
empfangende

Speiseleitung

HF im Shack, Gerate sind “heiR”

TRX ATU

HF flieRt Gber die Netz-Hausverteilung tber

PE zur Erde. Andere Gerate im Haus

kénnen beeinflusst werden. Stéremissionen

von hauslichen Quellen werden

eingeschleppt. (DL4AZAO)
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5.3.2.4 the current balun
A current baluracts as a common mode choke or standing wave barrier and enables the transition of an unbalan
line to a symmetrical load

Standing wave trap

It allows pushkpull currents through unhindered. The flow of energy through equal bt @’_ﬁj& PT
oppositecurrents from the antenna to the TRX, and from the TRX to the antenna, i< @ @ Ferrit-Ringkern
affected.

At the same time, the standing wave trap (also called current balun) presents comr
mode currents with the highest possible resistance since it acts as a chokerae he g

balanced
symmetrisch

represents an impedance with high inductive resistance at the installation point
(common mode choke). Screen currents are effectively reduced or ideally suppress

unbalanced

The impedance of the coil is determined by its inductive resistance, the choke effec asymmetrisch (DL4ZAO)
which will oppose the common mode components. The balun is most

effective when it is inserted in the current maximum of the common . LI . . Loror -
mode current. There, the commemode rejection is highest. The N N N J ‘ N
energy transport from puspull signals inside the coax is raffected, ohne g‘;un :
however. Balun H

The current balun consists of a transmission line that is wound on a {

core. The cable is either a parallel wire or a coaxial cable (air wounc ‘\ W) y

coils are also possible sometimes).

(DL4ZA0)

Looking at the partial currents on the two conductorgtwf line, they are equal in magnitude but are oppositely
directed- they pushpull. The magnetic field of the currents is canceled in the ideal case, so that no magnetic flux
occurs in the core.

The impedance of the line should correspond to the geometéan between the input and output impedance.

Transition of an unbalanced line to a symmetrical load

A current balun (balanced to unbalanced) also allows the transition of an urdealdine (such as coaxial cable) to a
symmetrical load (for example, a dipole antenna) or a balanced line (for example, paralitdedes line) to an
unbalanced load such as antennas with unbalanced properties (for example ground planeartefffed or
unbalanced dipole).

A current balun (common mode choke) interrupts braid currents and forces symmetrical currents on the line

Not everywhere where you see Balun written on it, is there
actually a Balun in it! The term balun (artificial word from:
BalancedUnbalanced) is often used improperly. Other forms
impedance transformers are also wrongly called balun, even
they have no symmetrizing properties and should therefore b
called UnuUn.
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5.3.2.5 How should a current balun ideally be built?

High impedance to common mode currens multiple of the common mode impedance to be choked. (This also
depends on the coax length and the insertion point of the balun: in the current maxinaunimpedance, in the
voltage maximum high impedance)A wellfunctioning balun is always a compromise

- Goal: high impedance with few turns and short winding length

- Wide range = common mode impedance with resistive content (low coil quality)

- Characteristic impedance of the wound line = gearicanean between the input and output impedance.
(Difficult for the balun behind an ATU as Z is undefined there)

- Dielectric strength of the winding (eg Teflon insulation)

- Low insertion loss for wanted pustull signals

- Adequately sized corecan cope wih the max. occurring magnetic flux.

5.3.2.6 Example, current balun constructed from coax 1:1, 50 Ohm
Current baluns can be easily made with a toroidal core
and a coaxial cable. In the shortwave band the winding
method described by Reisert is not absolutely resaey

Here's my test setup with coax cable. The toroidal core is similar to the toroid RK1 from DARC

1048 el
J— The measurement shows blocking
\ [ Nty attenuation in the range up to 100
~~ T MHz.About 30 dB should be sufficient
~ > in most cases

der brauchbare Berei¢ch

ML

Start =1 MHz Center = 50.5 MHz Stop =100 MHz
Span =93000 kHz

=
TR Al =0dB ¥ 521 dB
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5.3.2.7 Example,current balun 1:1, 50 Ohm

A 1:1 current balun (GWto 50\W0 ¢ & o0dzZAf G FNBY | RSaiaAdy oe 22f F3Ily
found here:

http://www.wolfgang-wippermann.de/balunlzulkleinptfe.pdf
Since | did not have the recommended Teflon litz wire available, an existing solid wire was used to demonstrate
principle.
First, the wire used is measured with the VNWA and analyzed with the supplementary programThjsots.
measurement is described in chapteehler! Verweisquelle konnte nicht gefunden werder® | am not going to t
alk further on the matter at this point.
As a cable | use an existing wire with Teflon insulation (wire diameter: 0.62 mm and 0.98 mm outer diameter of t
sheath). For the measurement the DUT consists of two 515mm long. wires

*f"”‘ ¥ ""W'

|Zo|] vs Frequency
If Imeasure the two wires with Zplots, | get .
the results shown in the adjacent picture. In
the shortwave region significant deviations
Freq: 29,361
from 100 ohms can be observed. 5 L=
g U o
Loss 0,141
1M 00ft: 8,374
1100m 27,475
1521 0,683
20 30 40 50 80
L Frequency (MHz) )

Da es sich bei einem Balun um einen Leitungstransformator handelt, muss die verwendete Leitung
entsprechend auch einen Wellenwiderstand von 50 Ohm aufweisen um ein gutes SWR zu erreichen.

50 ohms Q - ® 50 ohms
unbalanced YT\ balanced

"

Strombalun 1:1

Bild: DGOSA

Wicklung nach DGOSA (oben) Es werden einmal 12 Wdg 100 Q Zweidraht-Leitung auf die eine Kernhdlfte und 12 Wdg auf die
andere Kernhdlfte gewickelt. Das Parallelschalten der 100 Q Leitungen ergibt 50 Ohm Wellenwiderstand. Wickelsinn beachten!

Baluns are devices with 3 ports. The VNWA can perforrp@t3neasurement by always coacting two ports to
the VNWA and terminating the third port with a good 50 ohm terminator. Subsequently, all combinations are
measured. The-Port Analyzer can be found in the VNWA software at: VMWWasure- SParameters 3-Port.
Now, just follow theon-screen instructions
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We cannot do much with the measureeb8rt Sparameters because
they have tabe converted into the familiar-port Sparameters first. This
conversion is performed by a tool, the-Prt Analyzer". You can find it
at: VNWA:- Tools¢ 3-Port Analyzer.

The results are stored in S11, S 21, S12, S22. Applighr common
mode analys is possible by selecting either "differential mode" or
"common mode" in the dPort Analyzer.

Since we are staying in a 50 ohm environment, no adjustment with the
matching tool is necessary.

Reduce ta 2 -Port | Renomalize ta new Impedances |
R
R

Qriegntation: |balanced outputs

Ports: |‘I sin: 243 out

3 port device

ideal balun

DI

Results will be nomalized to 50 Ohms

calculate

M

Port 2

Port 1 O—1 Sii

[t

differential mode

The analysis in differential mode shows that the S21 is very low and therefore negligible to 30 MHz. The S11 match is

good up to 30 MHz and then gets worse at higher frequencies.

10 20MHz  DO0+00 0004001 0016E| 425248 (429148 . .
2 GO0MHz O00+0.02 0.00+002( ~000dE | 346508 | 34.9508 D ff n I h/l d a]
3 100MHz D07+ 004 0004004 00508 | 27.73dE [275148 I 2rentia ode
.1: dn.nu n.n.i 'n_r n.n'j 'n.no n.noAD 'wln A 'm.noAD
10dB/| 5 BOOMHz 0716+000 0.07+014 0218 | 1607 |15 18
B 100.0MHz 0114019 0.07+021) 04408 | 129808 40T0R
i 2
EL 3 —l— Refd
1048/ 0ol
1048/ |
__,_—?
k
[
S il ¥ P
‘_,.—""'"_
/ 4
< I
Ve v |
[
Tl —t r
| i
MC .
Start = 0.1 MHz Center = 50.05 MHz Stop =100 MHz
N Span =33300 kHz
TR AR =0 dB ¥ 511 Smith ¥ 521 dB ¥ 511 dm Continuous
[z =] = |[Mem1 =] ® 522 smin I Meml B W 522 ok Single Sweep
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Measurements in common mode show that the stognd attenuation is reallgood when we are in a 3%: 50 W
environment.

The reader can even build the balun himself and investigate with the matching tool how such a balun behaves w
the terminal impedances are changed

[ ]
1 20MHz 1004010 039003 523 0.01d8
2 EOMHz 0974025 0990.02 "IidE | 0.00dB "“-\\ ||’nm0n Mode
3 100MHz 0.88+i0.47 093 E0.06dE | 0048
.1: "Jn_nu n.l: 'n_ al n_oc\' 2 {nd M:IE“‘.!AD n.nOAD \\. C
1048/ 5 E0OMH: 0E3+075 03#A006| -3684de | 0.17d8 ]
B T00.0MHz 023105 931034 | 269765 | 0338

E) Vi | %

1048/ / f \
; |

/ JIR
? | |

_,_._—'—"'-’-——.
Foem—""] I
e 5
/r_,.-v"‘_
‘ /,)
1 L |
|
-~
V
M 1
Start = 0.1 MHz Center = 50.05 MHz Stop =100 MHz
N Span =39900 kHz
T A =0 B V¥ 511 Srith V521 de v 511 de __ Continuous_|
[sz1 =] = |[Mem1 =] W 522 smith I Mem1 d 2 Single Swesp

5.3.3 Voltage balun
See literature, for example the book Berfried "Measuring with the Vector Network VNWA2 / VNWAS3 Volume 2"
in Chapter 10.

Also see the next page.

5.3.4 Unun
see literature

Also see next page.
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5.3.5 Same winding - different result

At the beginning of Chaptdétehler!VVerweisquelle konnte nicht gefunden werdenl. pointed out that with the same
windings on a toroidal core the circuitry determines whether one has a transformer, UnUn, voltage balun or current
balun.

To cemonstrate, | wound 8 turns on each of four small toroidal cores and then wired them differently as in the
picture. Then they were measured. This is not about the best possible bahmsare and remain demonstrators

for the workshop.

I will not explairat this point how the Jort measurement is carried out. You can read about this in the book by
Gerfried (Volume 2, Chapter 10).

Ubertrager UnUn 1:4 Spannungsbalun Strombalun
P\ort 2 Port 3
‘
Port 1 Port 2 Port 1 ° Port 2
3 | c 3 *v c
A el ey >~ >
[ T I e L S O R —
GND B :‘__\I GND ® 8 GND (‘:_
. Port 1 Port 2 =
GND I GND GND ‘\,{ C GBD t3
or
GND GND

Vout = Vin unbalanced Vout =2 Vin
unbalanced to
earth

to earth

Vo=2Vin=U1l+U2

Ul, U2 are equal and
symmetrical with respect to
ground

Currents 11 and 12 are
equal and symmetrical

In the following sections, the four variants will be set up, measured and the results interpreted

5.3.5.1 transformers

10de/

10d8/¢

50 Ohm : 50 Ohm

3 4 5 [
s ¥ %eam
T k] 3
2 ]
1 2 OMHz -0 17dB -17.17dB | ‘
2. b.OMHz -0.12dB -20.16dB H
S LOOMHe  0ooam 17 1oam In a 50 ohm environment, only the match
4: 20.0MHz -0.36dB -13.06dB i i
o 2omiz oseds 1enodd at 5MHz is good enoingi.e. S11 <20
6. 50.0MHz  -1.37dB  -626dB dB).
7. 100.0MHz -4 71dB -2.0bdB

Cal
Start = 0.1 MHz

= W 531 dB

W 511 dB
1048/

10dB/

3 4 5

Center = 6005 MHz
Span = 93300 kHz

Stop =100 MHz

140 Ohm : 140 Ohm

] 7
Fiei2

2
1 J0dE
2 &
3 4 2

Better transformers can be wound for
example with double hole cores. For low
power applications you can use the
BN432402 very effectively in the
shortwave band

The second measurement shows the
transformer in a 140 ohms environment

1 2.0MHz -0.68dB -10.15dB . . . p .

2. BOMHz  -028dB  -17.57dB with a significantly wider match. The
3. 10.0MHz -0.33dB  -21.01dB . . .

4 200MHz  -032dB 21 05dB reason is the winding technology. The
D SooMis  oarab 15 eodn two parallel windings have a line

7. 100.0MHz -0.90dB -9.42dB

Cal
Start = 0.1 MHz

- W 571 dB

W 511 dB

Center = 50.05 MHz
Span = 93900 kHz

Stop =100 MHz
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5.3.5.2 UnUn
50 Ohm : 200 Ohm UnUn 1:4
10dB, -
2 4
%' k! . k! Fren X4
(_ ) ~
N
10 Y i
1048/ j______ﬁ;__.-——-—_____.-—-
——1: 2.0MHz - -0.17dB-  -18.6bdB - -0.13dB. -18.63dB
2. bOMHz -0.10dB -26.24dB -0.07dB -26 24dB
—3: 10.0MHz - -0.13dB- -29 22dB— -0.11dB-  -29 69dB
4. 20.0MHz -0.13dB -28.39dB -0.12dB -30.30dB
T b: 30.0MHz " -0.13dB" -26.29dB™ -0.12dB" 23.95dB
6 50.0MHz_ -0.16dB.  -21.72dB_ -0.15dB. 24.1/dB
7: 100.0MHz -0.49dB -12.29dB -0.42dB -13.63dB
Cal | | | | | | |
Start = 0.1 MHz Center = 50.05 MHz Stop =100 MHz
~ Span = 99900 kHz
- v 21 & W51z de
¥ 511 dB W 522 dit GND

A UnUnis nothing more than a normal transformer. This type of winding is also called an autotransformer. In a
translation of 50 ohms to 200 ohms, the througtienuation S21 is very small in the range of approximately 3 MHz
to 60 MHz and matching is good to yeyood

5.3.5.3 current balun

104E/ . .
o Differential Mode
1 2
Refl
Ode
______,7
p—]
kr ]
/ R —
2 1: 20MHz _  0.00dB_ -56.97dB
&/ 2: 5.0MHz 0.00dB  -51.45dB
3: 10.0MHz  -0.02dB  -45.39dB
T T 4: 20.0MHz = -0.08dB° -39.27dB”|
| |Patiimpodance  [10 [Ohm =] PotZipedance  [120 [Ohm v 5: gggm:z_ ‘g}ggg_ ‘;g;ggg_
C paralel o1 Cpsael . b ol z - b
o | P R A =y~ A 7: 100.0MHz  -0.18dB  -25.41dB
I I 7 I I
Start = 0.1 MHz Center = 50.05 MHz Stop = 100 MHz
N Span = 99300 kHz
B ¥ 521 d8 GND Port 3
¥ 511 dB GND

The current balunvas measured as described with #8rt measurement and then evaluated with the VNWA tool
"3-Port Analyzer". The picture shows the transmission loss and the match for the desired signal, which igudl push
signal. The best fit is found, when everythiasgonsidered in the 120 ohm environment. Over the entire frequency
range, the transmission loss S21 and S11 match are very good

10dB/

Common Mode To investigate how common mode signals
are suppressed, we set the-Fort

i Analyzer" of VNWA to "common mode".
Thesuppression of common mode signals
is then stored in S21. Over the entire

A — frequency range the common mode signal
Y oM oadam |1 is suppressed by 30 dB to 40 <B a
3: 10.0MH. -39.62dB .
Fa Forz 1 200MHs 37368 120W-environment.
| |Pottingedsnce 1B [ohm =]  Pot2impedance [0 [oem <] i gggu:; ggg?:g
| P et R+ G 7 wq.uMHz —I3I]:32dB

Start = 0.7 MHz Center = 50.05 MHz Stop =100 MHz
Span = 93300 kHz
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5_31 Phase o
This image shows the phase of S21 and S31

1: 2.0MHz -5.49° -172.54" 0.41dB
38 2: b.OMHz -4.79° -43.09° 0.19dB .
. 3 100MHz | 707 | 17509° | 0.23dB and the custom trace shows the differess
4:_20.0MHz 712.90' 1BB.1[I. 0.23dB .
R I I B At B B S i B s between these two signals. The phase
7 100.0MHz -b8.77" 120.73° 0.06dB . .
! | | e difference is very small over almost the
] : s_21Phase .~ whole range
3 1 5
§ Customs_21/s_31(0,1°/div}
7
1
- Start = 0.1 MHz Center = 50.05 MHz ‘3!0p=1[IEIMH2<Fh3r5
Span = 33300 kHz 08
= W 21 Phase ¥ Cusd B

¥ : 31 Phase

5.3.5.4 Voltage balun

ey : . Spannungsbalun
o Differential Mode P g
12 3 k Port 3
[ - > F ot -
\% ‘.___________7
GND
2 0MHz - -0.14dB- -1897dB

5.0MHz -0.09dB  26.92dB
rety P2 20.0MHz - -0.13dB- -29.93dB P\Ortlﬂ Portrz

1:
2:
13:

Poit 1 Impedance 50 Obm  w| Pt 2 Impedance (] Ohm =

4: 30.0MHz -0.13dB  -28.10dB
Hikame  ® S GERRwe P ST e GooMHz - -0.15dB- 23 .97dB 4{]
. | | | | 6: 100.0MHz -0.32dB  -15.06dB

1 L

1
Start = 0.1 MHz Certer =50.05 MHz Stop = 100 MHz GND GND
Span = 85300 kHz

=
T Al DB Fe 521 o
[ 511 48

The voltage balun was also measured withi@o® measurement, as described, and then evaluated with the VNWA
tool "3 Port Analyzer"The image shows the transmission loss and the match for the desired signal, which is a push
pull signal. The best match is found when translating from 50 ohms to 200 ohms. In the frequency range of about 3
MHz to 70 MHz, the insertion loss S21 and theéamiag S11 are very good to good.

To investigate how common mode signals are

. Common Mode ) i )
suppressed, the "3 Port Analyzer" of VNWA is set
% to "common mode". The suppression of common
it mode signals is then stored in S21.
2 1
%/ It can be clearly seen that the common mode
/ signals are attenuated worse with increasing
1: 2.0MHz -39.76dB —
2. 50MHz 318848 frequency, which is not surprising, since the focus
3. 20.0MHz -20.20dB . .
e Soomis 15 eam is on balancing the voltage
al 6: 100,0!:4Hz f't:,EQdB
Start= 0.1 MHz Center = 50,05 MHz Stop = 100 MHz
N Span = 33300 kHz
TR At =008 W 521 48
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2
33 Phase
) R s_31Phase | . .
E——— In the short waveegion, the phase differences
e
iy between port 2 and port 3 are still quite small
Custonms—21/s— 31 {10°/div)
3 Rem
S_21Phase |*®
1: 2.0MHz - 4.70° -177.63" 0.07dB
2: 5O0MHz 267 176.91° 0.10dB
3: 20.0MHz — 4.27*-  16251° 0.63dB|
4: 30.0MHz 5.12° 154.12° 1.19dB
b: b0.0OMHz — 4.96°- 139.16° 2.53dB|
al L I6i 100 OM.HZ 79 96° 1I11,01' ) 5.36dB
Start =01 MHz Center = 50.05 MHz Stop =100 MHz
Span = 53900 kHz
?§< At =048 2 s 21 Phass ¥ Cus3db
¥ 531 Phase
This diagram shows the equality of output
el _ ~ amplitudes (s_21 and s B1
10dE. “;E"
1. 20MHz - -357dB" -3.64dB
2: 50MHz -3.53dB -3.63dB
3: 20.0MHz — -3.28dB~ -3.91dB
4: 30.0MHz -2.99dB -4.18dB
5. B0.OMHz — -2.38dB~ -4.91dB
a flii 100'0M.HZ _.1 40dB ) -6.77dB
Start =01 MHz Center = 50.05 MHz Stop =100 MHz

. Span = 93300 kHz
XAt =0dB W s 21
¥ = 31 d8

5.3.6 Other measuring methods

When taking a closer look at balynsu should also take control measurements. The late Wolfgang Wippermann
describes on his website measuring methods under the link "balune". Some pages about measuring baluns are
found in the presentation by Glnter DL4ZAOQ. | cannot go into any fuattesnative measuring methods for space
reasons

5.3.7 Links to baluns
https://dl4zao.de/_downloads/Balun_dl4zao.pdf
http://www.wolfgang-wippermann.de/
http://www.wolfgang-wippermann.de/balunlzulkleinptfe.pdf
http://www.wolfgang-wippermann.de/balunlzulundefklein.pdf
https://darcverlag.de/media/pdf/datenblattkerne.pdf
http://www.baeckereirheitmann.de/DF1BT/ Click on "Mantelwellen"
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6 Measurements with the VNWA Test Board Kit
Thomas DG8SAQ and Jan have developed a small test platform to try out small circuits quickly.

Hints and small and large experimeen be found here:
https://www.sdr-kits.net/ DG8SAYNWATestboardkit

http://sdr -kits.net/documents/Testboard_kit.pdf
http://hamcom.dk/VNWA/DG8SAQ_Testadaptor%20Multi%20Label.zip
www.sdrkits.net/DG8SAQ/VNWA/VNWA _Experiments.pdf

O 1234567 O

A oocoooo0oo0co0 A
B o om0 om0 0 B

G cooco0oo0o0o00 @

O DG8SAQ SDR-Kits O

Quelle: www.sdr-kits.net

In the autumn | will fill this chapter with further examples .

} 2-pin and 3-pin L
2-pin Open 1 Shorts )
with 0805  2-pin ' 3 pin 50R Load
component Open Jumper Flat Pin Surface
~ Solder Side
&round pin
mates with Female

.

PP
Heee

DO WEOO UL

i W WY W

POYVROULS

A AR KT R
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7 Measurements for advanced users

7.1 4 MHz crystal filter measured with matching tool

Here is how to measure a newlbyilt quartz filter that has not yet been matched.
The first measurement is anF&rameter measurement without adjustment (S21,
S11, S12, Sp2

10/ YT~ i
104/ I}
T
[ERSAY
/ \ It can be seen very clearly that in a 50 ohnvieznment,
// \ the filter shape is very bad. But the VNWA gives us the
e ability to match the impedance virtually, which is very
_—— \ convenient and fast. Only the fourparameters have to
\'.‘ be measured beforehand
" S 1101 Mz P Ao
Tan w0 521 512 8

If you select the matching tool, under Tools, thédawing adjustment with 180@500 ohms leads to a pretty good
filter shape

1048/ fiefd

0de
Ve AKX i
Part 1 Part
1048/ PV / “ \ Port 1 Impedance IZEDD Ohm 2 Port 2 Impedance 2500 Ohrn -
C parallel I = C parallel =
1048/ / r [neg. possible] o 3 [nea. possible] 0 o

Mate, that the matching networks will transtorm ba the conjugate Part1/2 impedances!
—Matching MNetwark:

// \ Input Impedance IEIJ Ohm - Output Impedance IEIJ Ok -
C paraliel |—|—_[ C paraliel |— l—_l
A" [neg. possible] o F = [neg. possible] o " >
Matching Netwark Variant 2 7 Matching Metwark W ariant 2 2
Cp Cp

In.._rvmvr.._ Patl i P2 _.,T:?n_q Out
out
Ml I I I

Cp=111pF Cp=111 pF
Ls=139uH 4 MHz Ls=139uH
MC
Start = 3.995 MHz Center = 4 MHz Stop = 4.005 MHz
B Span = 0.01 MHz
Teat -0 521 o 512 d8
511 dB 522 dg

An even better curve is obtained when one plays with the C and applies a negative impedance in parallel
(corresponding to an inductance). In the lower half of the window défiematching circuits and their values can be
selected or read. Personally | almost always fit quartz filters with transformers (double hole cores

Refd
1048/ 0dB
[JRecalculate to new source and load conditio =] 5]
1048/ [ Fort1 Part
10d8/ V\ 7 \ Part 1 Impedance 2500 Ohm 'I Part 2 Impedance 2500 Obm o
C parallel K = C parallel K =
10/ / \ neq. possible) 9 | () e 9 |
L~ Mate, that the matching netwarks will transform to the conjugate Part1 /2 impedances!
Matching Network:
/ \ Input Impedance 50 Ohm 'I Output Impedance 50 Ohm -
C paraliel vI C parallel =
L [neg. possible] 0 2 [neg. possible] " ol
b Matching Network Variant 1 'I Matching Metwork Variant 2 &
Lp Cp
ne——o] Pot1 5§ Por2 —nj",_‘;""—n ot
¥ [ DUt
Lp=154pH Cp =120 pF
Ce=113pF 4 MHz Ls=139pH
MC
Start = 3935 MHz Center = 4 MHz Stop = 4.005 MHz
_ Span =0.01 MHz
A 048 521 B 512 d8
511 dB S22 dp
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7.2 calibrating out plugs and adapters

In this chapter, | show how the measurement effects obanector can be calibrated out.

The VNWA is provided with good SMA cables to protect the connectors of the VNWA.

VNWA settings:

1-1300 MHz; 200 data points; 20s Time per sweep

Measured "S11 phase" and "S11 Smith"
A normal "ReflecCalibration" is performed.

L~ ™~

—

3w

va

/

el

|
NN Za)
AT

1 [~
= — — il
\ |

cal \~ /

Start= 1 MHz Center = 505 MHz Stop = 1300 MHz
. Gpan = 1239 MHz
T A =08 W 511 smih _ Continuous |
M| - |[Mem2 T] W 511 Phese Single Sweep |
[(-IDGBSAQ - Vector Hetwork Analyzer Software - Jo =]}

File Measure Settings Tooks Options Help

L~ ™~

/]

As an example, the connector number 6
from my calibration set is measured. This

results in the adjacent image

' YRSNJ 6 qtS2 MIzZNBE (1 Sy aAr2y aé

iKS OF

then be moved by entering the signal propagationd. | say
this 'calibrates out' the plug.

Jr—
HANES =AY
/\ J( \ Using the mouse wheel, the phase position can then be set to
, M~ N y 0 °. Forconnector no. 6, this yields 43ps.
—— i
_ ] &\// \r // plug Through time delay
_ :mf‘y\___/\( 1 (short) | 24 ps
I o— J 2 61 ps
Welocity Factor |[|7— I PotExt ORE : L / 3 89 pS
g S - 4 50 ps
s 5 39 ps
Bt o o e s 43 ps

For theadvanced readers:

"first understanding"”.

In the first sentence of this page | wrotdn'this chapter, | show how the measurement effects of a connector cary
calibrated out! If you take it exactly, you also have to differentiate between the calibration and measurement
reference planes. Gerfried describes this in detail in his books. It would be more correct to write here: ... how th
measurement reference plane is moved. Please forgive me for the small inaceirrdlois document | focus on the
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7.3 Measuring a cable

This section shows how to measure a 39cm long cable with SMA connectors using the VNWA. The ZPlots progr
used. The installation is as described in the VNNéfp file. On the TX and RX ports good SMA cables are
permanently attached to protect the VNW@MA connectors

In this chapter, Eric helped me a lot. This chapter will be even easier to read in a later revisig
The green line can be partially removed from the image

VNWA settings: 0;1300MHz, 801 points, Time per sweep 10.15s
Without the cable to be measured, perform a Reflection Calibration with short, open and load.

Measurement:

- The cable to be measureddennected to the TX
port adapter with an SMA to SMA adapter (the |7 M sens: T""'Sl et

Exit

H 1 SaveSoeen L et -0 EdE f
calibration plaqe), and an STpen e S |
measurement is performed. Tace #| Sii b| Reabmag |

Import Data 3 S2P  » 521 3 Magnitude-cont.Phase
. . . Save 3 53k 512 3 dB-cont, Phase
- The data is stored. In my case, the file is named ey , 2
H lemor 2= T
"S11 open 39cm.slp” (see picture) Software Updates 4 o
Plot2 3
- The cable is terminated at the free end with e
short and then an S11 measurement is performe

again. The measurement is then saved under the name "S11 short 39cm.s1p". The frequency range sho
be chosen such that at least one "turn" was drawn on the Smith Chart

[=/DGBSAQ - Vector Network Analyzer Software - Joern.Bartels license

File Measure Settings | Tools Options Help

‘2? 1 Matching Tool ] |
- The Zplots program is started bNWATools ZPlots. % EEEZ; ] o o o0 st [T
Alternatively, it can of course also be opened directly. Crystal Analyzer X
104/ 3-Port Analyzer T
- Depending on the Windows version, Excel document I ¢ e a
processing must be allowed (allow macros). See also the e Exrecsn Evater R
VNWAHelp File S S
ASCII Data Import Tool I an
Data Client 3
Eric sees this: Confgure Tace |
LWIsLneErn.,, ‘= SLRTNLar T AULTILIILUNY T
l:] Sicherheitswarnung Einige aktive Inhalte wurden deaktiviert. Cptionen...
| D4 - ( |
Enable content: select the correspondiitem (Activate (§) Sicherheitswarnung - Makros & ActiveX
Content), press OK Hakeos & Activex

Makros und mindestens ein ActiveX-Steuerelement wurden deaktiviert. Dieser aktive
Inhalt kann Viren oder sonstige Sicherheitsrisiken enthalten. Aktivieren Sie diesen Inhalt
nur, wenn Sie der Quelle dieser Datei vertrauen.
Warnung: Es kann nicht festgestellt werden, ob dieser Inhalt aus einer

h I H vertravenswurdigen Quelle stammt. Sie sollten diesen Inhalt deaktiviert

From here ZPlots can be used as desired. e v v dicscm Ihalt wrchlige unonalat bereitpestell

wird und Sie dessen Quelle vertrauen.
Weitere Informationen

Dateipfad:  G:\HamRadio_14\Zplots\Zplots. s

€ Vor urbekanntem Inhalt schiitzen (empfohlen)

Vertrauensstellungscenter &ffnen Abbrechen ],
%
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Reading of the data is prepared with the following settings:

- Click button "Measure TL parms". (see image)

D4 - £
Load Dato Refresh | [] E:‘ﬂ;?':: Mainy s Titles =gend
s v e m S11Xs & s21
— Max: 1493 502051
2000
1500
ﬂ
— Preparation e
- Confirm the fo”owing window with "Yes" 1, Terminate the transmission ine with a high resistance 00
. (2o 3 times the estmated line Zo, not critical) or an

511 Xs

open drcuit and run a sweep,

2. Terminate the transmission line with a low resistance
(1/2 to 1/3 times the estimated line Zo, not aritical) or a
short drcuit and run a second sweep. <1000 W

3. I high/low resistances were used, run sweeps on the 1500
resistors to obtain the precise R/X termination values.

0 200 €00

Preparation done?
Optional: Use a single S2P

I~ format file instead of two
separate termination files.

Frequency (MH:

Setftock Scales
Reference nes reuon
Left1 | Right1 Add/subt| Messure | | T o2 freauency and dat
w2 | g2 Tline | TLPams| | povermouse over any ol
Activate Marker by clicking on primary or seconday (if

Measure Transmission Line Parameters 5[

— Length and Terminations

— Physical length of transmission line

- In thefollowing window the mechanical length and the type of
termination must be specified (the electrical length is determined
by the program based on the lambda / 2 resonances). In our cas
390 mm, and the open / short termination. Note, all entries with a
comma, not a point! oot tleod |

Type of file to be loaded wil
be shown in the header line Cancel
of the standard Open dialog.

390 |Milimeters = |

— Termination type

£~ High/Low resistance =" Open/Short drcuit

- Now the measurement data (open and short measurement) are read in succession with "Load kdata".
window that opens clearly shows the order.

The window will look as follows.

Zplotsxls - Kompatibilitétsmodus - Excel

Einfiigen Seitenlayout Formeln Daten Uberpriifen Ansicht Add-Ins Team £ Was méchten Sie tun?

X, Ausschneiden o o A s ==H|%- | 2 etumbuch Zahl - = )
ER Kopieren ~ Bed Al T‘Jb I
_ F K U~ =+« 8o - = = = =3 [= Verbinden und zentrieren - 20 - 95 000 58 8 Sote = 1abelle
¥ Format iibertragen L - Farmatierung = formatieren =
Zwischenablage [Fl Schriftart ] Ausrichtung ] Zahl ] Formatvorla
Da &7 fe

Lead Datz | Refresh | [ EM@0l8  painjaxis Titles Legend | copy | GIF_ | Print Preview Dots OnjOfF Line Weight Generats Data
N

Polling

s .
1Zol na Sﬁf‘te L |Zo] vs Frequency Zﬂ: (none) fr
— Max: 128,696
140 TL Parameters Mode
. To return to normal
120 mode with Smith chart and
all buttons, load a standard
100 data file or click this text box
t to load a dummy file.
_ 80
o
g \/
60 - S
» L "\ P ot r— Data currently loaded is from:
o { STL Parms Measured3.csv
V / [S11 open 39cm.sip]
20
Parms derived from measurements:
0 Zo(nom.}: 50,16 K0: 1,869933
o 20 400 500 &0 1000 1200 v F(nom.): 06877  K1: 0618947
. Setflock Scales Frequency (MHz) Snapshots ) Len(mm): 350 K2:0,017787
[Referece Lives To see frequency and data values Use the Snapshots button
0 see '8 Ise
_teft | .I'f"La;:“"e first click the o{mnarderfhm to allow dispiay of
Left 2 | M| | hover mouse over any plot poirt. mors than two tracs finss.

Activate Marker by clicking on primary or secondary (if any) trace with left mouse button.

You can see the lambda / 2 resonances very well, and adsaisg it is not easy to accurately determine | ZO |
because the resonances confuse the image (but one can roughly estimate Z0 of course).
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- The next step is to allow Zplots to determine the line parameters
exactly (in the program higher mathematics with Bglsunctions are bt po, b ke oot e oo
applied to accurately solve the line differential equations). First sav(| - SHE:.mI2?52"32":;?“‘:::::2“:;'323Lﬂm,m ssss
the original image with snapshots and then press Generate Data. — é
Now an additional line will appear. As shown in the previous picture| | - ST S ST G A
the snapshots button is pressetihen the window on the right is L oty ce e, S e

displayed and the question is answered with OK.

You can also save the primary (eft scale) trace to
an external fil or recall a trace fle and place itin

any of the four snapshot positions.
Save Primary Recall Trace to
Trace to File snapPositon _ | [snap1 =

- Now the green curve is populated with the cable impedance data. For this, press the "Generate Data" bu
and select the "TL Parm" tab. Press the button "Apply" and "@#ils window.This window shows all cable

parameters.
Load Datz_| Refresh | [] EP2°"®  miin/iuis Titles | Legend | copy_| arF | Print Preview | Dots On/Off_| Generate Datz |

Polling

Right
IIZOI 'l chZt u |Zo] vs Frequency S‘%e |[none] 'l

— Max: 1286596

140
To return to normal
120 mode with Smith chart and
all buttons, load a standard
ann I . I data file or click this text box
You can now already read the nominal values for Z0, VF, etc. If you press Apply th T E— | =
. . Rs+Ls |Rpllcp| Trap | Crystal TLParms | TLf 4|
is shown without the resonances. At the end press OK. —
Start: |0.1— MHz Number

of Points

For analysis purposes, you work on tliagram, you also choose the correct scale.-Le === "= %
Step: WMHZ

clicking on the curve places a marker at a specific frequency (where the mouse cur e stnmbe stincar pone
Append '’ to set number of exponential points.

was) and opens a marker window. i Lne Type K. 20
Nom. VF Ko KL K2
06877 | 1889933 [o0ps1847 [ 0,017787
Length Urits

3%0 Milimeters ¥

o Close Setflock Scales
= i Y Traces | Snapshots

Load Data Refresh | [] S;IEIF"E Main/fods Titles egend Copy GIF Print Preview Dots On/Off Line Weight Generate Data
ing ]

Right 7
| Zo| hd sc"‘;f“é L] |Zo| vs Frequency o | none) >

m— lax: 109,356
52

TL Parameters Mode

To return to normal
mode with Smith chart and

For better representation, 515 T eran o
P . data file or click this text box

the division of tle X or Y axis| = \ toload a dummy file

can be changed with "Set/ |g_ | “<_

Lock Scales".

Data currently loaded is from:
$TL Parms Generated$.csv
[Type: User Specified]

495
Reload Measured Data

49

400 600 800 1000 1200

0 200
| [Setlock Scales E(ale(s)Lm:kEd( - _Snapshots | ots | )

 Reference Lines - = = Sr——
s see frequency and data values
_eft1] 1'.“:;:‘;"‘;' first click the chart border then
Left 2 | hover mouse over any plot point.

Activate Marker by clicking on primary or secondary (if any) trace with left mouse button.
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Markers can be set if you click with the left or right mouse button on the red curve:

- : N
|IZOI 'I SEL':E L |€c| vs Frequency f’;g'[{: |lrwr1e} 'I

— ax: 105,355
e M2
51,5 4
51 +—— Freq: 4,975 Freq: 199,960
|Zol: 51,417 1Zol: 50,430
Ro: 51,359 [, Ro: 50,429
= Xo: 2,428 e = Xo: 0,163
N 55 VF 0,6718 VF: 0,6840 |}
Loss: 0,027 Loss: 0,158
MOOft: 2,124 Moo 12,381
M00m: 6,969 M00m: 40,621
50 +——|521J: 0,028 1521]: 0,158
49,5
49
0 20 40 &0 a0 100 120 140 160 180 200
| Setflock Scales| Scale(s) Locked  Full Rangs| Frequency (MHz) Zoom M1 to M2 | Snapshots | )
el Glick int 4| v M
ICH new point or use
ﬁl ThﬂLe;amm spinner. Click oufside
Left 2 | o or press ESC to remove. (D] M2
_Freq Kiizfhz | Freq (MHz)  |Zo| Ro Xo VF Loss MOOFt  M00m |521] (dB)
O markert 4975 51,417 51,359 -2 428 0,6718 0,027 2424| 6969) 0,028 M Textonsmeen
B Marker2 199,960| 50,430 50,429 -0,163 06840 0,158) 12,381| 40621| 0,158 |v Textonsmeen
Delta M2-M1 194 935| -0,887 -0,830 2 266 0,0123 0,131 10,257 33652 0131

Use left mouse button (or spinner) to move Marker{, right mouse button (or spinner) to move Marker2.
Click outside the chart border or press E5C [0 reimove markers.

This marker information can then be displayed for further evaluation. You ¢
Re+ls |Rpllcp| Trap | Crystal ﬂParmS| TLEA4]»

then choose the desired parater at the left or right scale. Incidentally, the Fariz,
marker is moved by the arrow keys on M1! - iz i

of Points
Stop: [1300 MHz [ 801

(info only)
Step: |301p MHz

If you are measuring circuit board material, you can calculate the dielectric

constant from the equation dielectric constant =1/ (VF) ~ 2. Append o' to set number of inear points.
Append 'e' to set number of exponential points.

By the way, you can seery nicely that all parameters have a frequency T SR oz

i . X i I User spec: Set parms below j I 50,16
dependency. In coaxial cables this effect is much more pronounced than in  wm.v k0 k1 k2
. Jogs77 | 1869933 | 0,618347 | 0,017787
line selected here.

Length Units
| 330 [milimeters =]

Do not save when closing the Excel program, this makstaréng easier.

- Setflock Smlesl
; y Traces | Snapshots

I hope this example makes the mess understandable. x | Close
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7.4 Power Sweep - The 1 dB compression point of an amplifier
The 1 dB compression point of an amplifier can be measured with the VNWA by slowly changing the power at a
frequency while taking S21 measurements.

The TX level adhe VNWA is too small at7 dBm to drive an amplifier to be measured into compression. Therefore,
a preamplifier (booster amplifier) is needed, which raises the VNWAevel. To suppress Spurs and other spurious
signals a bandpass filter must be conmetbehind the preamplifier.

In this example, the-tiB compression point at 7.1 MHz is =~ et-8—— e
measured for the Mini Circuits amplifier Zb00. The amplifier ™ — n
. 1048/ ) // Py
is operated at 12V. T R
¥ ]

7.4.1 Measurement of the preamplifier f P
As a preamplifier | use the Kubic # @éplifier. When I | BT
measuring, make sure that the TX level is lowered by 10 dB U,s/ S VR SO A U S

: ; T (T e
avoid overloading the VNWA. Furthermore, one can also avc DUME SR ABF B L

compression effects this way.

At 7.1 MHz, the gain S21 is 9.8 dB.

ML

Start =1 MHz Center = 100.5 MHz Stop = 200 MHz
_ Span =199 MHz
521 & 512 o8
511 dB 522 dB
7.4.2 Measurement of the bandpass filter 1o
Here are the measurement results of the bandpass filter uset P i

to get an initial overview.

The bandpass filter has an attenuation at 7.1 MHz of 3.5 dB.

3
Note: At these low frequencies a lgpass filter would have N .
been enough. Maybedould have managed completely withou : ;EIB-EUSU@:D“M;% §§§§§§
a filter. | was just too lazy to check the output spectrum on th
spectrum analyzer.
" Start = 6.6 MHz E;nterjﬂMHHz Stop = 7.6 MHz
?;(Alt =0dB 21 de e
7.4.3 The measurement object - a first overview e | s d

10dE.

To obtain a first overview, all fourggrameters of the amplifier .
are measured. In ordenot to overload the VNWA the TX level ™
is lowered by 30 dB. Caution: do not forget to undo this level o o T

512 522
. 10 T.El[vmz 231??5 —2?79?5 3!}995@ —24.55‘1515
reduction afterwards. R B e
4 [30.0MHz 22.92d8 | -30.91dB | -34.84dB | -27.22dB
5. 100.0MHz 23.01d8 -32.62d8 -34.66dB -31.21dB
. — . . ¥ 23 4
1
Here's the (DUTdevice under test) Mini Circuits Z50Q0. i A
b G- b gy N iy
- by
MC
Start =1 MHz Center = 100.5 MHz Stop = 200 MHz
_ Span =199 MHz
a0 08 21 & s12 @
511 dB 522 dB

4 https://www.bartelsos.de/dk7jb.php/deikubikverstaerker
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7.4.4 Power Sweep Utility

Before starting the Power Sweep Utility checketiter the TX level has been

lowered for any amplifier measurements. Please set to 0dB. The instrume yd 8 mese

state should also be backed up, otherwise some settings may no longer bz, .ok won o s
[EEE=] - |[vent =] 1048, ee

Power Sweep  Alt+°

correct after the measurement.

sweep stopped incomplete! Port Extensions P

10dE:

[ Power Sweep Utility
File Sweep Calibrate Level

Unfa Aenuation Brid | Analysis and ot Setings | Sweep Resuts |

HH H H # \IE Al ion/dB Actual & ion/dB
After the power sweep Utility has been invokedljustments to the measurement === Laoe renai
. . 2 1 1
settings still have to be made. EE 2
4 3 3
e ‘
I 5
Z Is [
. B |7 7
More settings B B
1ol x| L E
File Sweep Calbrate Level L Y o
Infa | Attenuation Giid Analsis and Pk Seltings | Sweep Results | %123 123.3312
~nalysis Satting 13| .
Analysis function = | EEEE Real Result j %iz ig Egj
¥ Da not namalize to reference channel (must be checked ta see signal level changes) 1R i
[V Remove phase progression prioi to averaging (should be used when above option is checked)
dichennel=[T <] - —Sweep Control
[~ Plot Seling: i
s i Capions Guiding Mumber of Datapoints = |1
[V draw data lines Im: [Im(Resull Fiefs] = |79.5470750256+1% Meazurement Time:
Linewidth [ ] I Fived wgridfrom |40 o [io I J
em Real Colar: Imag. Color .
::zem; FasiCoor [ ‘maz o Time per sweep = 1.00 zecs
I~ Mem3 Real Color. (N Imag. Color. (N Time per data point = 100.00 ms
™ Memd Real Coior [ imag Coior [
—Sweep Progress Display
[¥ Progress Bar On - Progress Bar Calor
Compiler message: I~ Frogress Test On
[Sweep stopped manualy! = [ A
Thrucalibration = continuity calibration
=
N Y o A
Calbeation Meru | Conection Schemes |
e
- o G S
|Kuh|k #06 —~ — @ s | @ T
—| VNWATX TN VNWARX [— v | @ @ F o
| ;71@/9 Attenuator - | @ e ) O !
andpass .
Gain 9,808 7.1 MHz ~40dB ) [ [ i T |
Then a normal Thru calibration needs to be performed.
Measure level
Under "Calibrate Level" the real level must nowsipecified after
File Sweep Calibrate Level
ko _| Ateruaton iid| Anspis adPlotSetings _Seeep et | the preamplifier and bandpass filter. With an HP436A power meter
[ Tamer idn [Rafecdn all
(with HP8482A measuring head)l.20 dBm was measured.
I—‘H 2 dBm reference level for 0 dB attenuation
N PR Kubik #06
W Show level label in main window 1 VNWA TX | %
| ~
Bandpass
Gain 9,8dB 7.1 MHz
The measurement
e . ubik #06
Now the amplifier can finally be —~_ | el
— VNWATX |— TN 1 VNWARX [—
measured. A |
Bandpass Attenuator
Gain 9,8dB 7,1 MHz Messobjekt -40dB
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(=] Power Sweep Utility
File Sweep | Calibrate Level

Info  Alten (0 | Analysis and Plot Settings | Sweep Resuls |

[ manmawe.BY S€lecting "sweep" the measurement is started, witdaits a few seconds.
: ~~
2 2

#
i
12|
3

The following image should then be shown. It is good t0 SeErE T — SEE
that with increasing level at some point compression is e e
clearly visible.

Grid | Analysis and Plot Settings ~ Sweep Results |

19.89292 Re(Result)
1.00022 13.48918 9

2.00032 19.04039 .
3.00021 18.5248
3.99998 17.9191

4.93385 17.21233
5.99995 1641654
7.00002 16.56417
8.00025 1464306
899986 13.71786
9.9336 12.76576
15.00106 787893
2000153 291267
2500268 209582
3000127 707288

The following pictures show how to precisely generate a lir
from the linear section of the traceh& Ctrl key (Ctrl) and
the left mouse button can be used to zoom into the first
three readings. Then the line can be created with the left
mouse button (see picture). With unzoom the original imag
can then be seen again.

|m|m|<|m|m|¢,|w|w|4 =T=

o o
-35 -30 -25 -20 -15 -10
TX Level / dBm

H:
Bl

4
_inix] s
Fle Swes
Info | A stz and Plot Setfings Sweep Riesuls | info \eraalion G e
i [MtenscB__[Reff: ii #_[Aten/ds__[Relh =
o 1989232 Re(Result) 0o msszT:I Re(Result)
(1 |100022 13.48918 B 1 [100022 13483918
2 |z0o02 1304008 2 |zom2 1903 209 - fbooesosanad i cocioaad
[3__|300021 185248 3|00z 18,5248 1 pog paoes b o b p B i
4 |agmes  i7are [ [20090 179191
[5_|sg0s 1721239 [5_[esm985 1721238 ]
B [ogsmss  1eaiess [f_[5go9 1641654 15
7 |romnz 155547 7 |romm  sssar ]
B [eooozs  14sea0s [B_[e00028 1464305
8 |esssss  137i7e (3 |ogmes  13717% 1
[i0_|ag9ss 12.76576 [10_{99996 1278576 10
[ |1s00106  7.8769 [ 150008 7.67833 ]
1z |momss 2oz 12 |0omss 291267
13 |zsomees 20362 [13_|zoozs 20382 51
[M4_|somer 707268 T4 |amz  707se
pe | | i
LA [ ]
fe_| [ | 0
fis| 1 .
£l [20_| ]
21 2| ]
2 | [z | -5
=] = ]
= = LIy e
e _,Ll - - ] _'LI -40 -35 -30 -25
< > TX eV o dphomd < > TX Level / dBm
008 Level=11.2 dBm Graph to Bitmap i 048 Level =-11.28m
Print Graph =
[Sweeps done! ¥ [Fit(x) = 34. 116568747 +1% | max. y-error = 4/-0.012
=loix|

Now just zoom to find th& dB compression point. In this
amplifier a compression of 1 dB can be seen at a TX leve[ s Trns -
-15.2 dBm. Here the real measurement result deviates fr¢( s me | 1927

the linear straight line by 1 dB.

info. | Attenustion Giid | Anslsis and Plot Setings Steep Results |

2002 1300038
30021 185248

3895 17.9191 19.04
a9 1721239 B
59%% 1641650
70002 1555417
800025 146306
8959 1371756
996 1276876
1500106 7.67833

0058 291287

06 203582
Mooty 707268

Based on the input of the amplifier the 1 dB compression
point at-15.2dBm.

Since the 1 dB compression point is usually related to the
output level of the amplifier, we have to add the gain of
22.9dB-1dB = 21.9 dB. Thus we obtain a 1 dB
compression point 0f15.2 dBm + 21.9 dB = 6,8dB atthe =3 . ...
output of the amplifier, o o0 oty s v =200 E

TX Level / dBm

EPPEERE

i
_|j -15.4 -15.3 -15.2 -15.1 -15.0
v

Thedata sheet specifies a 1 dB compression point of + 8dBm with a supply voltage of 15V. Since we have lower
the supply voltage to 12V and have measured a slightly smaller value, the result is plausible.

A very good summary with many other hints can be fbuere:
http://www.hamcom.dk/VVNWA/How to use the new VNWA power sweep Utility revl.pdf
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7.5 Cable Measurements

7.5.1 The measuring method - Time Domain Reflectometry and Frequency Domain Reflectometry
Cables can be measured using Time Domain Reflectometry (TDR) or Frequency Domain Reflectometry (FDR).

In time domain reflectometry (TDR), a short voltage pulse is applied to a cable. Defects rpfidaraof the signal.

This reflection is analysed. Since the VNWA cannot emit an impulse, the second method is employed by the VNWA.
In frequency domain reflectometry (FDR) sine waves are emitted in a wide frequency range and the reflection of the
signat analyzedThe VNWA is able to perform Frequency Domain Reflectometry. Mathematically, each method can
be converted into the other and they are therefore largely equivalent. Using Time Domain Reflectometry or
Frequency Domain Reflectometry, the lengthgalbles can be determined; joints or velocity factors can be

measured. More detailed explanations can be found in the VNWA helpifiteer "TDR" or in the book by Gerfried
(Volume 1, chapters 12 to 15). In this chapter, the investigations on cableslgreri@ily outlinedg think of them

as "appetizers".

7.5.1.1 Velocity factor of a coaxial cable

x| xj| Here is just a very brief guide:
BraIEEl L "m- REleEy [ ”m- [5Meep Contet Sweep Settings: 2000 points; Time per
Stith Grid Color [~ nome:] AefCircle Color [# rone - Number of Datepoints = [2000 ' '
_ sweep 20 secs
S - nomeC] RefCircle R = IU-5 :Measurement Tirne: |
¥ extend background to full window Teut Color - I I D|Sp|ay Settlngs- Trace 1 Tlme

Time per sweep = 20.00 secs

Trace Line Width = |2 w2 Grid Line Width = |2 'I

Trace Enable
’7|7 1 V2 ra 4 (] 5 [l |
Enable Trace Marker |

Time per data point = 10,00 ms

Then in the main window doublelick on "tim1" (kelow in the trace
selection) and this opens another selection window.

[ Ir ra 4 rs s

Trace 1 Trace
[ =] || e | - =
_ fme - _ o = Saurce for time damain transformation: 511 -
Time damain rezponse |Impulse CFT j
Mode ILowpass ﬂ
1048/ Window Type IF!ec:tanguIal j
oy Impulse Response Inolmalized to impulze height j
Low frequency data Iextrapolated below 25 kHz j
1
v A it Fiefl Start Time Stop Time |rit
—1--\\ OdE 0 |2DDD Ips |
/
/ \ /—\ Welocity Factar: I‘I ¥ /2
,""\ / \ Length: Start =0 nm Stop =299 mm
\ AN [

\/ Since we want to calculate the Velocity Factor, it
must first be set to 1. Now a measurement can be
started. The marker "Add Maximum Time Marker"

14 1230ps =184 mm  -018dB i .
then gives the length. The measurement gives
184mm for an ideal cable. The real cable has only a
length of 13Gnm (measured with a vernier caliper).

M e =T S 100 e The calculation 130 mm / 184 mm = 0.71 then gives
Start Time= 0 pz Span = 1300000 kHz Stop Time= 2000 ps .
= W bl 4B the velocity factor

IV 511 dB

5 http://sdr -kits.net/documents/VNWA_HELP _-36_%20deutsch.pdf
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7.5.1.2 determine length of coaxial cable

After the measurements from the previous sabction have been performed, the length of a cable of previously
unknown length can now be measured. With the measured and calculated velocity factor, the length of a long ca
of the same type can now be determinelthe measurements become more accurate when the cable to be
measured is terminated with a short.

7.5.1.3 Measuring the characteristic impedance

mTime Domain Settings - Trace 1 1[
Source for time domain transformation: {511 2
Time domain resp IStED FFT j
Mode ILowpass j
Impulse Responze Inormahzed to impulze height j

Low frequency data Iextrapolated below 25 kHz j

Start Time Stop Time Lrit

0 [3000 |ps =lF
|
; Welocity Factor: 0.7 Ivi 2

Length: Start = 0 nm Stop = 319 mm

L= T I

i Start Time= 0 ps

=3 .

T At =0dB W tim1 121
sz =] = IMem‘I <] Mo

ITraoe 1/ Marker 3: 509ps = 54.1mm 51.23chm

The settings for the measurement of characteristic impedance.

59von 63


mailto:dk7jb@yahoo.de

Dateinameworkshop_rmtes_volume_1_english_version_025.docx

Workshop Notesz Volume 1

Jorn DK7JB  mail@k7jb.de

7.6 The optimizer using the example of a measurement of a loop antenna
In the German translation of the VNWA helpiéersion 36.7.6 German translatioygu will find on page 237 a
detailed description of how to measure a small loop antenna, and then the equivalent circuit is formed with the

| present this chapter as an "appetizer" and not as a guide. Adlssacy additional explanations can be found in the

optimizer.
help file.
el \ //.-—-"'" ""--..\\
\ / TN
SN
1
T A
\\ \ | /}?\( 1 ’
1: 30.0MHz 8.b66° 097+ 0.15 —
Cal
Start =1 MHz Center = 30.5 MHz Stop = B0 MHz
Span =59 MHz
?;Att. —0de ¥ 511 Phass [~ 511 dB [ 5.11Phase  Continuous
521 =] = |[Mem1 =] ™ 511 Snith ™ <11 Smith  Single Sweep

B Marker 1 of trace 1 s
Absolute Marker Values: [V ext info
|3 [MHz  ~]

5 =0.96836 +i * 0.14573

5 =0.97326 * expli 014937 )
[S]= -0.182dB Aig(S)=8.5583°
VSWR =95.473

Z =92.256 ohm +1* 655,31 ohm
| Z | = 661.77 chm
Le=34765pH Q=7103

¥=21065pS -i*1.4963mS
[V 1=1.511mS
Lp=35454yH G =7.103

An S11 measurement is taken. The picture shows S11 in a Smith chart athe gdease. The marker information

for 30 MHz can be found in the picture on the right.

Under tools the "Optimizer" is called up and the inputs are taken over as in the picture. A coil, and the antenna is
nothing more, can be very well described by the igglent circuit in the diagram. After the formulas and other

inputs have been accepted, click "Optimize" to start the optimization process. The data of the optimized equivalent

circuit are written to s_11 (The memory for S11 of tRpdt measurement, whit is not needed here and serves
only as a placeholder). If the case arises that the optimizer should not find reasonable values, start values for the

search can be specified.

! Optimizer - Model Fitting Too

File Load SaveModel Settings Optimize
Optimizer I Spines | Distance |

Expression to be globally fitedto  [517 |  Simulation stored to m

[ inrestricted frequency range h MHz to IW FHz

[rzsnzLsvo

Name  Alias Subexpression (available in main expression. subexpressions may use other subespressions from below)
Swl = [z = [ﬁq

Sw2= [YC = [rwC

Variable Aliss Real Value Delta Optimize lnductor Model

s= |R - | 2938628803164E-001  [1.0E-001 ~

2= [ - [15esersrameoE 006 [LOE007 @ iRy

- [C - [ToomemzeEon  [iEon T L ICI R ¢—
= | - [1.000000000000€ 4000 [00E+000 [T ]

W= | = | 1.000000000000E+000  [0.0E+000 [~

W= | = [ 1.000000000000E+000  [0.0E+000 [

s= | = [ 1.000000000000E+000  [D.0E+000 [~

Figure of Merit = 0.0278 (should be as small as possible)

21:58:53 : Model loaded from D:\Programme\VNWA\Spule.mod

6 http://sdr -kits.net/documents/VNWA_HELP -3&6 %20deutsch.pdf
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/
/!
36/ (’\\F &

Reff

\

(R
f%

1: 30.0MHz 866" 097+ - 820" 0.99+i0.14
Cal
Start =1 MHz Center = 305 MHz Stop = 60 MHz
Span =59 MHz
=»
T dutt, =0dE ¥ 511 Phaze ™ 511 dB
521 =] = ||Mem1 =| ¥ 511 Smith ¥ s 11Smith  Single Swesp

The optimized curve of the
equivalent circuit perfectly describes
the realmeasurement.

The data can be found in the image:
L =1.596 uH

C =10.03 pF

R =0.294 ohms

The data of the equivalent circuit
obtained with the help of the

s 11Phase _ Cortinus | optimizer can be reused in a
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7.7 Check the calibration

For a quick check of a calibratidriuilt a test DUT out of two resistors (switched addment). By quickly
comparing the current measured valueith an old measurement, you can quickly check that everything iSOK.
you can quickly find gross errars.

10dB | I T |
1048/
3 2] 3 3 5 e e
{ I 0de
10484 | ; l N
I
1048/ T
— ——
! 1
[
2 3l 2 - i S A
1]
_i_ A4
v &) 2 g £ | & ;
1 ¥
| 1=
1. 2.0MHz -46.38dE -28.36dE -0.04+i0.00 0.99- 0004 -46.38dE, -0.10dBE
| 2 50MHz = -46.36dB  -28.37dB_-0.04+i0.00 0.99- 000 -4636dE.  -0.11dB
3 100MHz © -46.34dE -28.36dB--0.04+1 000 0959007 -4635dB  -010dB
4. 200MHz  4632dBE -2525dB -0.04+i 001 0954001, -4630dB  -010dB
|5 300MHz_ -46.27dB. -28.06dB_-0.04+i0.01. 0.99-0.02] -46.27dB.  -0.10dB
G BOOMHz  -46.08dE  -27 47dB -0.04+i 002 0959003 -46.05dB  -010dB
e 7 1IJIZ|I.DMH2 |—45.95dEI| —2?.02ldEl -0.04+i0.02 IJ_.QQ—i 0.03 —45.91c|iEI —EI.1I1dEI
Start =1 MHz Center = 30.5 MHz Stop = B0 MHz
_ Span = 59000 kHz
TRAL =08 W 521 o8 ¥ 511 Smith W 512 o8
¥ 511 dB ¥ 522 Smith V¥ 522 dB

R

0" =S
frequency- 2 03e+07
dB(S[1,1]): -0.0865
10+
‘R1
R=10014 Ohm o
. . R2 . R 4 o= — 20+ .
< P2 T frequency: 1.96e+07
™ R=46.52 Oh| Num=2 s % @ $22_dB: -28.3
Num=1 7/ =50 Ohm © ©» B & o T
~ Z=50 Ohm 30+ T
: : : : -40T frequency: 1.96e+07
S-Parameter| [Eleichung dB(SI2, 1]): -46.4
Simulation Eqn1
$21_dB=dB(S[2,1]) S0l ‘ | | |
SP1 $11_dB=dB(S[1,1]) 0 2e7 167 6e7 8e7 168
Type=log S22_dB=dB(S[2,2]) frequency
Start=1MHz S$12_dB=dB(S[1,2]) frequency
Stop=100MHz frequency
Points=151
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8 miscellaneous

8.1 dB scale
Whenever working with quantities that extend over a scale of many powers of ten, the choice of a logarithmic sc:
makes sense.

The power ratio and voltage ratios from the output signal to the input signal are shown in the figure below (numb
rounded).

Power ratio Voltage ratio
40 dB 10000 100
20 dB 100 10
10dB 10 3.16
6 dB 4 2
3dB 2 1.41
1dB 1.26 1.12
0dB 1 1
-1dB 0.79 0.89
-3dB 0.5 0.71
-6 dB 0.25 0.5
-10 dB 0.1 0.32
-20 dB 0.01 0.1
-40 dB 0.0001 0.01
-100 dB 0.0000000001

For more detailed information, | recommend the following source:
https://dokumente.unibw.de/pub/bscw.cqi/d351120/dB1 new.pdf

Here is another very goagburce:
https://www.rohde-schwarz.com/de/applikationen/dieder-nicht-db-educationalnote  23085015534.html
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