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Foreword

Thank you for choosing the FA-VA6! The
FA-VAG is a high-quality measuring device
that can be used for many amateur and pro-
fessional measuring tasks. The application
goes far beyond tuning antennas. For exam-
ple, the length and various parameters of ca-
bles can also be determined, electronic
components can be tested for their suitabil-
ity at target frequencies and the proper func-
tioning of antenna feed lines and other ca-
bles, including adapters, can be verified.
The FA-VAG6 is aimed at both beginners
and professional users. Beginners can car-
ry out standard measurements immediate-
ly after installation, as the FA-VAG is fac-
tory-calibrated. Professional users have a
wide range of adjustment and calibration
options.

Operation of the FA-VAG6 is completely in-
tuitive. A first-class user interface with a
professional keyboard and a bright, high-

© Box 73 Amateurfunkservice GmbH 2025

quality display is complemented by soft-
ware with uninterrupted, fluid interaction.
The comprehensive VNWA software is
available for the documentation of mea-
surement results, but also for very ad-
vanced measurements and analyses, and
should leave nothing to be desired.

The FA-VAG6 uses a high-energy Lithium-
Ton battery®, which results in a long run-
time. Please read the safety instructions for
handling Lithium-Ion batteries!

The device should be assembled quickly,
as only a few components need to be sol-
dered and mounted. You can then get start-
ed straight away, see the Quick start chap-
ter. Many things can simply be tried out.
The FA-VAG6 is designed as a robust de-
vice. Incorrect operation cannot lead to
damage. Only in the event of an external
signal or external voltage at the measuring
socket is a little more caution required.

If you have good ideas for further applica-
tions, preferably linked to the mathematical
principles, then you are welcome to address
them to dgbmk@darc.de. We will then try
to implement them with a new firmware
version if necessary.

We hope you enjoy using your FA-VAG6!

* Due to transport restrictions imposed by our logistics service provider regarding hazardous goods, delivery
with lithium-ion-battery is only possible within Germany. For users outside Germany, the FA-VA6 without

battery is available under order number BX-246-A.
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Safety instructions

— The rechargeable battery used must not
be short-circuited under any circum-
stances! Lithium-Ion batteries generate
high short-circuit currents. There is an
acute risk of fire.

— The FA-VAG is a sensitive measuring de-
vice and is designed for measuring pas-
sive components. Electrostatic charges
on non-earthed antennas must be dis-
charged by short-circuiting to earth be-
fore measurement. If an antenna is con-
nected, do not transmit in the immediate
vicinity, as coupling via the connected
antenna could damage the measurement
input.

— The FA-VA6 generates a measurement
signal with relevant strength, which may
be emitted via connected measurement
objects such as antennas. Measurements
should therefore be limited to the re-
quired level.

4 « BX-246

— The charging and protection electronics
of the FA-VAG6 are designed for the bat-
tery type specified in the technical data.
The use of other accumulators can lead
to damage to the device or accumulator.
Batteries with a lower capacity may
overheat if the charging current is too
high. There is a risk of fire. Batteries
with a lower end-of-charge voltage may
be overcharged, which in turn may cause
overheating with the risk of fire.

— The rechargeable battery used must only
be charged in the FA VA6, as external
chargers may not be designed for the
specific type of rechargeable battery.

—If the rechargeable battery used shows
mechanical deformation or damage of
any kind, it must be disposed of properly
and replaced with a new rechargeable
battery of the same type.

— The FA-VAG6 should only be stored and
operated within the temperature ranges
specified in the technical data.

— The FA-VAG is designed for storage and
use in dry environments only.

— For proper disposal of the device or the
battery used, use the disposal points
available.
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Technical data

Table 1: Technical data

Component
Frequency range
Measurement result
Single Frequency

Measurement result
Multi-frequency

Measurement result 5-band
Length ranges Time Domain (TDR)
Measurement result

Time Domain (TDR)

Time Domain resolution (TDR)

Current applications

Display
Dynamic range measuring chain

Frequency stability
Signal processing
Measurement input

Remark

10 kHz to 1 GHz (resolution 1 Hz)

SWR, scattering parameter S11, magnitude and phase S11, return loss, mismatch loss, impedance Z by real and
imaginary part, magnitude and phase of the impedance, resistance, capacitance, inductance and quality for series and
parallel equivalent circuit model of the impedance

SWR, impedance Z by real and imaginary part, scattering parameter S11 as Smith chart,

scattering parameter S11 in dB, all values from single frequency at the position of the marker

SWR

6.3 m, 12.6 m,25.3 m, 50.6 m, 101.3 m, 202.7 m (with velocity factor 0.66)

Impulse response over length, impulse response in dB over length, step response over length,

step response magnitude of impedance over length

Adjacent interference points: 0.5 ns, corresponds to 0.1 m at VF = 0.66

Individual interference points: < 0.05 ns, corresponds to 0.01 m at VF = 0.66

Cable length according to known velocity factor

Velocity factor according to known cable length

Characteristic impedance of the cable (characteristic impedance)

Cable attenuation at 10 MHz, 30 MHz, 50 MHz, 100 MHz, 200 MHz

320 x 240 2.8" IPS TFT color display with 1000 cd/m? brightness, refresh rate (depending on application) 60 - 120 Hz
In each case up to 200 MHz, 200 MHz to 600 MHz, 600 MHz to 1 GHz

Precise mode:> 80 dB /69 dB /57 dB

Balanced mode: 80 dB / 64 dB / 54 dB

Fast mode: 80 dB /60 dB /51 dB

0.5 ppm

24-bit ADC, 32-bit DSP, 64-bit calculations

BNC socket 50
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Component
Output signal

Firmware
Operating current and times

Currently supported languages
Power supply

Accumulator type

Accumulator protection
Accumulator charge

Operating and storage temperature
Dimensions

Weight

Remark

rectangular

f=1MHz,R load =50 Q

P, =3.2 dBm (Ist harmonic, fundamental)

P, =-6.4 dBm (3rd harmonic)

P3 =-10.9 dBm (5th harmonic)

f=200 MHz, R load = 50 Q

P, =2.1 dBm (Ist harmonic, fundamental)

P, =-10.0 dBm (3rd harmonic)

P3 =-17.6 dBm (5th harmonic)

New versions free of charge, update via USB

260 mA, approx. 12 h, 100 % brightness

165 mA, approx. 19 h, 50 % brightness

130 mA, approx. 24 h, 30 % brightness

approx. 42 pA, switched off state incl. real-time clock

German, English

Lithium-Ion industrial cell 18650

Panasonic NCR18650BD 3.6 V 3180 mAh

Against reverse polarity, overcharging, deep discharge, short circuit, charging outside the operating temperature range
Via USB and built-in CI-CV charge controller with load balancing, simultaneous operation of the device possible
-20°C to 60°C

135 mm x 85 mm X% 28 mm (L x W x H), without keypad and BNC socket
270 g incl. battery

We reserve the right to make technical changes to the device and the resulting changes to the technical data.
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Building instructions

The FA-VAG kit consists of just a few in-
dividual parts, meaning that it can be as-
sembled by an experienced user in a short
space of time. The circuit board, keypad
and display are already pre-assembled
and fully tested for functionality, includ-
ing the enclosed measurement protocol.
The enclosed kit for SOL calibration ele-
ments only needs to be assembled if re-
quired. Alternatively, you can purchase
ready-made SOL calibration elements. A
high-quality set of SOL calibration ele-
ments is available from the supplier of the
FA-VAG6, which is individually measured
and whose parameters can be entered in
the FA-VAG. Finally, the FA-VAG6 can al-
so be operated without calibration ele-
ments, as it already contains a factory cal-
ibration. However, calibration elements
are required to use some advanced func-
tions.

It is recommended that you first check the
completeness of the kit using the parts list
in the appendix and familiarize yourself
with the overall assembly sequence.

© Box 73 Amateurfunkservice GmbH 2025

Figure 1 shows a fully assembled FA-
VA6 when switched off.

Available supplements and help on struc-
ture and operation are published on the
websites of the provider [1] or the devel-
oper [2] as required.

B Tools required

In addition to the kit components, the fol-

lowing are required for assembly:

— a temperature-controlled soldering iron
of medium power (60 W to 80 W)

—lead-free solder 0.5 mm to 1 mm with
flux core

Building the enclosed SOL calibration el-

ements, the following components are also

required for assembly:

— electronics side cutter

— flat nose pliers

— small slotted screwdriver

B Disassembling the circuit board

For transportation, the circuit board is in-
serted into the housing and secured with
screws. Then remove the screws from the
top shell of the housing using the bit insert

1]
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Figure 1: Assembled FA-VA6

provided. After removing the top shell of
the housing, use the enclosed bit insert to
remove the screws securing the circuit
board. The circuit board is now folded up-
wards, starting with the side of the USB
socket. To do this, disengage the USB
socket from the lower part of the housing.
This is done by pressing lightly with your
thumb outwards against the bottom wall
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of the housing. As soon as the USB socket
is free, the circuit board can be folded up-
wards and removed from the housing.

B Preparation of the housing

The housing consists of a printed upper
shell and a lower shell, which are joined
together by four countersunk screws.

First, slowly remove the protective film
from the bottom shell, if still present, start-
ing at one corner. Due to the laser cut, pro-
tective film residue may remain on the

Figure 2: Lower shell with mounted rubber
feet
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edges. These can be easily removed with a
cotton cloth or disposable wipes using a
multi-purpose oil such as WD-40. Contact
of the cleaning agent with the print on the
upper shell should be avoided, as the agent
could possibly attack the print. Further-
more, the cleaning agent could possibly
remove the already glued-in insulation
buffers on the underside of the upper shell.
The insulation buffers are safety-relevant,
see below, and must not be removed under
any circumstances! The lower shell and, if
necessary, the upper shell should then be
thoroughly cleaned under running water
using a commercially available detergent
and then dried.

The rubber feet must now be fitted to the
housing. To do this, insert them into the
holes in the lower shell from below with
the pointed side first and then snap them
into the holes by pulling firmly on the
pointed side with your finger or pliers.
Figure 2 shows the lower shell with the
rubber feet fitted.

B Soldering the battery holder

The circuit board must be completed by
soldering in the battery holder. If not al-
ready done, this must be inserted on the
front of the circuit board. The position is

Figure 3: Front of the circuit board with in-
serted battery holder

clear due to the locking knobs on the socket.
Light pressure at both ends of the holder
snaps it into the circuit board. Figure 3
shows the front of the circuit board after
inserting the battery holder. The connec-
tions to be soldered are located to the left
and right of the keypad.

The solder connections of the battery
holder are shortened so that they do not
protrude beyond the circuit board. This is
due to the need for insulation from the
metal housing. As already mentioned,
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Figure 4: Front of the circuit board with sol-
dered battery holder

plastic insulation buffers are glued into the
top shell of the housing. Both measures
ensure that there is no direct contact be-
tween the housing and the battery termi-
nals.

Therefore, the solder joints of the battery
holder must be relatively flat. The respec-
tive pad on the circuit board is heated with
a soldering iron. By feeding solder into the
hole of the pad, the tin flows into the pad
and connects to the connections of the bat-
tery holder. Stop feeding the tin as soon as
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the pad is filled. Figure 4 shows the front
of the circuit board after soldering the bat-
tery holder.

B Inserting the accumulator

Caution! The terminals of the lithium-ion
battery must not be short-circuited under
any circumstances! A short circuit leads to
an acute fire hazard!

The battery must be inserted into the bat-
tery holder with the correct polarity. The
positive pole is clearly marked both on the
battery holder and on the circuit board. On
the battery itself, note the polarity at the
lettering "+NCR18650-". The large black
bars are NOT the negative terminal! The
negative pole of the accumulator can also
be identified by the large flat metal side.
The positive terminal is smaller and has
an insulating disk.

Light pressure snaps the battery into the
holder. The FA-VAG has protection against
reverse polarity of the battery. If the bat-
tery has been inserted the wrong way
round, it should be carefully removed
from the holder by levering it out with
your fingernail or a plastic tool and then
inserted with the correct polarity.

After inserting the battery, the poles of the
battery, the connections of the battery

holder and the corresponding pads on the
back of the circuit board must be regarded
as critical points. These must not be con-
nected to ground or other metal parts. The
FA-VAG has a battery protection circuit in
the ground path. The negative pole of the
battery is therefore NOT the same as
ground of the circuit board and the hous-
ing. The circuit board itself and its ground
are largely protected by the protective cir-
cuit.
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H Mounting the circuit board

The circuit board is installed in the reverse
order to the disassembly described above.
The circuit board is inserted from above
into the lower housing shell with the BNC
socket first and lowered. The USB-C
socket touches the lower edge of the lower
housing shell. To assemble, the lower plate
of the lower housing shell is again bent
away slightly by pressing outwards with
the thumb so that the USB socket can snap
into the recess.

The circuit board is then loosely fastened
using the four cylinder head screws with
the aid of the enclosed bit insert. After
placing the washer and moderately tight-
ening the nut of the BNC socket by hand,
the four cylinder head screws can be tight-
ened a little more. As a rule, a slight tight-
ening by hand is completely sufficient.
After removing the display protection
film, the top shell of the housing is placed
in position and fastened using the four
countersunk screws and the enclosed bit
insert. Here, too, it is usually sufficient to
tighten them lightly by hand.
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B Commissioning

As described above, the FA-VA6 has a
protective circuit for the accumulator. Af-
ter inserting a rechargeable battery for the
first time, the protective circuit is locked
for safety reasons. To unlock it, the FA-
VA6 must be supplied with power once via
USB cable.

As Lithium-Ion batteries are stored pre-
charged, the FA-VAG6 is immediately ready
for mobile operation after unlocking the
protective circuit. Note: When the battery
is inserted for the first time and then
charged, the built-in electronics require up
to several hours to correctly display the
charge status of the battery.

In any case, the FA-VAG6 starts with the
start screen and goes to the Main menu.
Due to the factory calibration, a measure-
ment can be started immediately, see next
section Quick start.
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Operating instructions

B Quick start
The standing wave measurement (SWR)
on an antenna for the 70 cm band is shown

as an example. The antenna is connected
to the BNC socket.

Navigation

Navigation follows the established stan-
dard with four arrow keys @ D&, an en-
ter key B and a menu or back key B.

Switch on

The FA-VAG6 is switched on by pressing
the button B After a short time, the Main
menu appears as shown in Figure 5. Any
necessary language change is described in
the next section.

Language change

The FA-VAG is supplied with the English
language setting. Switching to the Ger-
man language is done as follows: In the
Main menu, select Settings with the 3 &
buttons and confirm with the & button.
Then use the B & buttons to select Lang-
uage and press the @ button to confirm.

Use the O & buttons to select German.
Press the B button several times to return
to Main menu.

Selection of multi-frequency
operating mode

Use the buttons B & to select Multi Fre-
quency and press the B button. The display
shows the SWR over a previously set fre-
quency range according to Figure 6, in this
case the total frequency range of the FA-
VAG6. The areas highlighted in blue show
the amateur radio bands of the selected
IARU region. Correspondingly small SWR
values can be seen in the 2 m band and
70 cm band. The 70 cm band will now be
examined in more detail.

Adjustment of the frequency range

An information bar is displayed in the lo-
wer area, which shows the most important
available buttons and their actions. The
button shows and hides a help function for
all possible buttons and their actions.

Press the B button to open the mode confi-
guration, see Figure 7. To set the frequen-

100% IR
Main Menu

(9) Single Frequency

|'V Multi Frequency

|.A. Time Domain (TDR)
B8 Applications >
B USB Mode

Figure 5: Main menu after switching on

70:500 CAL:FACTORY STD:FDE
Port-Ext: @s @m

S500MHz

EMarker EJMode

Figure 6: Multi Frequency display with total
frequency span
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Multi Freq. Config

€ Return I

Frequency Start 10kHz

ot
6tz
=

Figure 7: Multi-frequency configuration

Frequency Stop
Frequency Center
Frequency Span
Frequency Band

Frequency Band

Region 1

Figure 8: Selection of the 70 cm band

cies via a frequency band, use the 8 & but-
tons to select Frequency band and press the
button. Figure 8 shows the selection of
the band, which in turn was selected using
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the & buttons. The configuration is exited
by pressing the B button twice, a new mea-
surement run starts automatically and the
SWR display appears again, but now for the
desired frequency range (see Figure 9).

Reading the values

The x-axis of the diagram shows the fre-
quency range, the y-axis the display range
of the SWR values. For more precise va-
lues, a marker function can be used, which
is activated and deactivated using the
button. Figure 10 shows the display with
activated marker, shown as a white circle.
The marker can be moved along the mea-
surement curve using the & @ buttons. The
exact frequency at the position of the mar-
ker and the corresponding SWR value are
now displayed in the upper area. Obvious-
ly, the antenna has the minimum SWR of
1.02 at approx. 434.4 MHz. The SWR can
be further optimized or shifted by adjus-
ting the antenna, see its instructions. To
check this, a new measurement run can be
started using the @ button. Alternatively, a
continuous measurement can be switched
on and off using the @ button.

Z20:500 CAL:FACTORY STD:FDE
Port-Ext: @s @m

430MHz
EIMarker EdMode [EdHelp

Figure 9: Multi-frequency display with the
frequency limits of the 70 cm band

434 400000 Hz
1.02

430MHz
EAMarker EdHelp

Figure 10: Multi-frequency display for the 70 cm
band with activated marker

ElMode




B Switching off the FA-VA6

The FA-VAG is switched off by pressing
and holding the B button. Set parameters
are saved automatically.

B Getting to know the FA-VA6

For optimum use of the FA-VAG6, it makes
sense to familiarize yourself with the basic
operating principle of the device. This is
followed by an examination of the device
and its basic operation.

Functional principle

Figure 11 shows the basic functional prin-
ciple of the FA-VAG6.

A signal generator produces a signal (out-
going wave, e.g. sine wave or square
wave) of a specific frequency, which is fed
to the BNC socket via a measuring bridge.
The measurement object, e.g. an antenna,
is connected to the BNC socket. If an an-
tenna is well matched to the source system
(for the frequency in question), almost all
of the signal's energy is radiated or partial-
ly converted into heat. If the antenna is not
optimally matched, part of the fed-in sig-
nal is reflected and runs back to the BNC
socket as a reflected wave, and thus to the
FA-VAG6.

© Box 73 Amateurfunkservice GmbH 2025

A consideration of the ratio of the reflected
to the incident signal, or the reflected to
the incident wave, therefore says some-
thing directly about how well the antenna
is matched. The ratio of the waves is also
referred to as the gamma reflection factor
or scattering parameter S11.If S11 is close
to zero, the antenna is optimally matched.
The return wave is minimally small. S11
close to zero would lead to an SWR of al-
most one via a calculation.

The FA-VAG6 can measure and evaluate re-
flected and incident waves separately and

calculate values such as the standing wave
ratio SWR or the impedance Z from them.
It does not matter whether the test object
is an antenna, a component or a cable. The
scattering parameter S11 (reflection fac-
tor) is always measured and this is mathe-
matically evaluated.

If only the ratio of the amplitudes of the
reflected wave to the incident wave is
measured, this is the magnitude of S11.
Such devices are also referred to as scalar
analyzers. However, important informa-
tion is lost in such an analysis. The reflect-

calibration plane (SOL calibration)

incident wave

i
—
n
i e.g. antenna

device under
test,

sigrl || _gossossesc
generator !
: Y
i :
: bridge
: directional
: coupler
i
evaluation ;
and '
presentation ) o network

S11= reflected Wa've/incident wave

Figure 11: Functional principle of the FA-VA6

 reflected wave
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ed wave can differ from the incident wave
not only in its amplitude, but also in its
temporal position. The maxima and mini-
ma of a sine wave, for example, can be
shifted in time. This shift is described by
the phase of the scattering parameter S11.
A complete evaluation of the measurement
object is therefore only possible by con-
sidering the amplitude and phase of S11
together. S11 can also be described as an
arrow with a length corresponding to the
amplitude and a rotation corresponding to
the phase of S11. Such an arrow is called
a vector. Devices that can evaluate the am-
plitude and phase of S11 are therefore also
referred to as vector analyzers. The FA-
VAG is a vector analyzer.

It should also be mentioned that existing
mathematical models are often used to de-
scribe technical processes more simply.
This is also the case with the scattering pa-
rameter S11. The vector S11 can also be
described in the mathematical model of
complex numbers. In an x-y coordinate
system, the starting point of the vector is
set to the coordinates zero, zero. The path
to the end point of the vector is then con-
sidered. How far is to go along the x-axis
(real part) and how far is to go along the y-
axis (imaginary part). These two values

14 - BX-246

are separated by an i or j to form a com-
plex number. It does not matter whether
the vector S11 is represented by magni-
tude and phase or as a complex number
with real and imaginary parts. Both ver-
sions are equivalent and can be converted
from one version to the other.

This consideration of S11 may sound a lit-
tle complicated at first, but in the end it
only describes the change in amplitude
and the phase shift of the reflected signal
to the incident signal. Once you have un-
derstood the relationships, the comprehen-
sive displays of the FA-VAG6 are also easier
to understand.

There is also the question of where exactly
the measurement is taken: With small
wavelengths or high frequencies, an offset
of just a few centimeters is enough to
change the measurement situation signifi-
cantly. The FA-VA6 can be calibrated for
the exact positioning of this so-called ref-
erence plane. This plane is placed on the
BNC socket at the factory (see red dotted
vertical line in Figure 10). This corre-
sponds to the factory calibration. Calibra-
tion means that unknown values within the
measuring bridge up to the BNC socket
(error network) are determined by means
of three known calibration elements and

mathematically calculated. The result is a
well-defined reference plane.

The calibration elements are usually short
(short circuit), open (open) and load (ter-
minating resistor = 50 ) elements, abbre-
viated as SOL elements. Measurements
are carried out one after the other by con-
necting the respective elements to the ref-
erence plane. The FA-VAG6 then calculates
correction values that are used for subse-
quent measurements in relation to the ref-
erence plane. Depending on the accuracy
of the SOL calibration elements, highly
accurate measurements are therefore pos-
sible.

However, the reference plane does not
have to be at the BNC socket. The error
network under consideration can also in-
clude a cable, e.g. the feed line of an an-
tenna. If the calibration is performed with
the SOL calibration elements at the end of
the feed line, the reference plane is then
located at the end of the feed line. The feed
line is part of the error network and is 'cal-
ibrated out'. Highly accurate measure-
ments are therefore possible, for example
at the feedpoint of an antenna.
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H Get to know the FA-VA6

Figure 1 shows the fully assembled FA-
VAG from above. The FA-VAG6 has a TFT
display and is operated via a 4x4 keypad.
The device is also switched on and off via
the keypad.

In the unlikely event that the device can
no longer be operated, there is a reset but-
ton on the side edge of the back of the cir-
cuit board. It is sufficient to remove the
top cover to trigger the reset via this but-
ton.

Figure 12 shows the BNC socket of the
FA-VAG, which is used to connect the de-
vice under test. If required, an adapter for
other connector standards can also be con-
nected.

Figure 13 shows the lower section of the
FA-VAG6. The USB-C socket is located in
the middle. This is rotation-invariant and
therefore much more user-friendly than
previous USB standards. The FA-VAG6 is
supplied with power via the USB-C sock-
et. At the same time, the built-in battery is
charged via the USB-C socket. The USB-
C socket is also used for data communica-
tion with a PC. There are two LEDs to the
left of the USB-C socket to indicate the
charging status.

© Box 73 Amateurfunkservice GmbH 2025

B Charging the accumulator

The battery is charged automatically when
the USB cable is connected and the device
is connected to a PC or charger. As shown,
a blue LED lights up during the charging
process. When the battery is fully charged,
a green LED lights up instead. The built-
in charging electronics balance the charg-
ing and operating current of the FA-VAG6.
When the battery is fully charged, the
charging electronics supply a trickle cur-
rent.

It should also be noted that more detailed
information on the battery status is avail-
able in the Settings menu. Note: When the
battery is inserted for the first time and
then charged, the built-in electronics re-
quire up to several hours to correctly dis-
play the charge status of the battery.

YIZATYNY YNNILNV HOLDIA ZHO |

Figure 12: FA-VA6 from above

7 8QK°
45086
1 2 3
O <« »

Figure 13: FA-VA6 from below
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M Interaction model

The aim of the design of the operating
concept is to make operation of the FA-
VA6 as simple and intuitive as possible, so
that operation is intuitive from within the
application. The following elements were
implemented for this purpose:

Simple navigation

A clear menu system (see appendix) is
used to select the operating modes and
configuration within an operating mode.
Navigation follows the established stan-
dard with four arrow keys @O, an en-
ter key & and a menu or back key B.

In addition, the configuration itself, as
well as special functions, are called up via
number keys. An information bar is dis-
played in the lower area, which shows the
most important available buttons and their
actions. The B button shows and hides a
help function for all possible buttons and
their actions.
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Context-related functions

Only the parameters relevant to the oper-
ating mode are displayed. Furthermore,
only the relevant settings are offered for
the menu-guided applications.

Continuous settings concept

Operation is basically the same in all ope-
rating modes. Changes to general parame-
ters, such as the setting of a port extension,
apply to all operating modes. Changes to
special parameters, such as performing a
current calibration, apply to the respective
operating mode.

B Key assignment reference

The following table should be understood
as a reference. The individual functions
are explained in more detail in the respec-
tive operating modes.
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Table: Key assignment

E Menu button Button 5
Press and hold to switch the device off; Switching detailed information on and off
Switches the device on; in single frequency mode
Menu and return function Switching detailed information on and off
u n Arrow keys up/down when marker mode is switched on
Selection of menu elements; Button 6
Setting frequency span, Start / stop the buzzer for SWR
section (TDR) and scaling Button 7
Enter key Calling up the help function for key assignment
Selection of selected menu items; Button 8

Confirmation of changes and actions;
Selecting the measurement in an operating mode

Calling up the saving functions for measurement data
Large SWR display in single frequency operating mode

0 000

Arrow keys left/right Button 9

Shift center frequency, Calling up the loading functions for measurement data
section (TDR) and marker position Deleting a measurement data record with save and
Button 0 load function

Start of a single measuring sequence Buttons 0 ... 9

Button 1 Enter a number

Start/stop continuous measurement

Start/stop the output signal of the frequency generator
Button 2

Setting the frequency in single frequency

operating mode

Setting the frequency in frequency generator mode
Button 3

Calling up the configuration of an operating mode
Button 4

Switching the marker on and off

0D © aas o
o8B0
000
ol
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Frequency Band

Region 1

Figure 14: Number input field

H Number input field

The FA-VA6 has numeric input fields at
various points during operation, the oper-
ation of which is always the same. Figure
14 shows an example of the frequency set-
ting in single frequency operating mode
after selection.

A flashing cursor on the right indicates di-
rect input mode. A number is entered using
the @B EBABMABA A MHABA B buttons and
confirmed with the & button. Alternative-
ly, the digit mode can be activated using
the & @ keys: The cursor flashes under a
digit to be set. Either the new number for
this digit is entered directly or the B & but-
tons are used to change the number. If a
negative number needs to be entered, this
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Figure 15: Selection field

is done in digit mode. Use the & @ buttons
to select the digit to the right of the re-
quired minus sign. The & button is then
used to generate a minus sign to the left of
the selected digit. An entry in direct input
mode, as well as in digit mode, can also be
confirmed using the B button.

B Selection field

Another continuous input format of the
FA-VAG is a selection field as shown in
Figure 15. This is explained using the ex-
ample of selecting a frequency band after
calling up the selection field.

Use the B3 & buttons to select the desired
setting. Small arrows at the edge of the se-
lection field indicate in which direction

there are further options. In some selection
fields, the selection jumps back to the be-
ginning or end of the available options.
Other selection fields do not allow this re-
turn and indicate the end of the list by tem-
porarily flashing and changing the text
color.

To confirm the desired option, press the
button. Alternatively, you can accept the
option and return by pressing the B but-
ton.

B Switching the device on and off
The device is switched on by pressing the
B button and switched off by holding
down the B button.



100% I
Main Menu
() Single Frequency

|'V Multi Frequency

|.A Time Domain (TDR)

B0 Applications >
8 USB Mode

Figure 16: Main menu

B Menu system and Main menu

After switching on the device, the Main
menu appears as shown in Figure 16. The
current time and battery charge status are
displayed at the top. A charging symbol al-
so appears when the battery is charging. A
reference to all menus can be found in the
appendix.

A menu item is selected using the B3 & but-
tons and confirmed using the & button. To
return, press the B button.

The following operating modes and set-
tings are available:

Single frequency: Measurement of stan-
ding wave ratio SWR, impedance Z, scat-
tering parameter S11 and LCR meter for a
single frequency

Multi-frequency: Measurement of stan-
ding wave ratio SWR, impedance Z, scat-
tering parameter S11 as Smith chart and
scattering parameter S11 over a frequency
span

Time domain (TDR): Measurement of
the impulse response, the impulse respon-
se in dB, the step response and the step
response as impedance Z over a measuring
distance

Applications: Measurement of standing
wave ratio SWR for five frequencies, me-
asurement of length, velocity factor, im-
pedance and loss of a cable

USB mode: Operating the FA-VAG6 via the
USB interface

Frequency generator: Operation of the
FA-VAG6 as a frequency generator up to
200 MHz

Clock: Display of date, time, day of the
week and callsign, if applicable

Settings: Settings of the FA-VA6

Switch off: Switching off the FA-VA6

100% I

€ Return

‘@- Brightness
@@ Language
:o Date+Time
(3 Date Format

English
08:52
EUROPE

Figure 17: Settings menu

B Settings menu

After selecting and choosing the settings,
the settings menu appears as shown in Fig-
ure 17.

The following settings are available:
Brightness: Setting the display brightness
from 10 % to 100 %

Language: Setting the language; the set-
ting has a direct effect on all menus and
operating modes

Date + Time: Setting the date and time for
display in clock operating mode and for
time stamps of saved data records

Date Format: Setting the date format
(Europe, ISO, USA and UK)
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TARU Region: Setting Region 1,2 or 3 of
the International Amateur Radio Union to
select the respective band plan and display
the respective frequency bands

Master Calibration: Master calibration
using SOL calibration elements

Master Standards: Setting the parame-
ters of the master calibration elements
used; the parameters can be found in the
respective information on the calibration
elements

Callsign: Setting the call sign for display
on the start screen and in clock mode
Appearance: Setting the display with the
Normal or Bright profiles

Key Sounds: Activation or deactivation of
a confirmation tone for a button press
USB Connect Popup: Activation or de-
activation of a message that offers to
switch to USB mode after connecting the
FA-VA6 to a PC

Power Saver: Activation or deactivation
of reduced display brightness after a se-
lectable period of inactivity; a brighter dis-
play requires more power

Auto Power Off: Activation or deactiva-
tion of automatic switch-off after a se-
lectable period of inactivity

Advanced Settings: Selecting the Ad-
vanced Settings menu
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B Advanced Settings menu

The Advanced settings menu shown in
Figure 18 contains actions, settings and in-
formation that are not required for normal
operation.

The elements of the Advanced Settings
menu:

Device Info: Display of firmware version
and serial number

Battery Info: Detailed displays of the cur-
rent operating and charging current, as
well as the charge and health status of the
battery

Factory Calibration: Factory calibration
using SOL calibration elements

Factory Standards: Setting the parame-
ters of the factory calibration elements
used; the parameters can be found in the
respective information on the calibration
elements

Game: A game to pass the time

Reset Device: Resetting the device to fac-
tory settings and deleting all data; the fac-
tory calibration is retained

100% I

Advanced Settings

€ Return

B pevice Info
Battery Info

{o} Factory Calibration
{o% Factory Standards

Figure 18: Advanced Settings menu

>




B Single frequency operating
mode

The single frequency operating mode al-
lows the measurement of antennas, cables
and components for a single frequency.
This mode is suitable, for example, for ad-
justing antennas in narrowband or CW op-
eration. The mode is particularly interest-
ing for measuring components for a spe-
cific application frequency.

This mode enables the following measure-
ments, which can be switched through
cyclically by pressing the & button:

SWR Measurement of the standing wave

ratio

Z Measurement of the connected
impedance

S11  Measurement of the scattering pa-
rameter S11 (reflection factor)

LCR Measurement of resistance, induc-

tance, capacitance and quality of a
connected impedance in the form
of a serial or parallel equivalent cir-
cuit model

Switching through with the & button does
not start a new measurement, but only a
calculation of the displayed values. Start-
ing and stopping a new measurement are
described in the next paragraph.

The mode always starts as a continuous
measurement; the measurement sequence
can be paused and restarted using the
button. When the measurement sequence
is paused, an individual measurement se-
quence can be started using the @ button.
The measurement parameters displayed
are the same for all measurements. They
mean

70 Currently set reference impe-
dance
CAL Currently used SOL calibration

SWR

Measurement

Frequency Frequency

Information bar —3»Fhston  PIFrequency EdMode [FAHelp

Port-Ext: @s Om

Z20:500 CAL:FACTORY STD:FDE Parameters
144000000 Hz
2 . 84 SWV value
SWV value
bar

STD Model of the currently used
calibration

Port- Current reference plane of the
Extension calibration in time and length
The measuring frequency can be changed
by pressing or holding the & @ buttons.
The frequency can be set using the B but-
ton. The configuration of the single fre-
quency operating mode can be accessed
via the B button, see below.

Single frequency operating mode:
Standing wave ratio SWR

The measurement of the standing wave ratio
SWR as shown in Figure 19 is limited to dis-
playing the value of the SWR as a number
and bar. In addition, a buzzer can be

Figure 19: Single frequency operating mode: Standing wave ratio SWR
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Measurement 7

Frequency

Frequency

Absolute
Phase

Information bar ——3»Flston

BFAFrequency ElMode [EAHelp

Port-Ext: @s Om

Z20:500 CAL:FACTORY STD:FDE Parameters
144000000 Hz
1165+j 50.00 :Irglzeedance
126.80) Impedance
235152 ° value
absolut and
phase

Figure 20: Single frequency operating mode: Impedance Z

switched on via the B button or via the con-
figuration. Its signal interval decreases in
the direction of one with an SWR, so that
an antenna can also be tuned with acoustic
support. In addition, a large SWR display
can be shown via the B button, which allows
the SWR to be tuned even at long distances.

Single frequency operating mode:
Impedance Z

The impedance measurement in Figure 20
shows the value of the connected complex
impedance according to the real and ima-
ginary parts. The real part corresponds to
the resistance, the imaginary part to the re-
actance. The reactance can be positive (in-
ductance) or negative (capacitance). The
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absolute value of the impedance is also
displayed. The indicated phase represents
the phase shift between current and volta-
ge, which is generated by this impedance.

Measurement

S11

Frequency Frequency

Absolute
Phase

Information bar _>Stop

20:500 CAL:FACTORY STD:FDE Parameters
Port-Ext: @s Om
144000000 Hz
0.449+370.166 S11 value
0.479 S11 value
0.35 absolut and
phase
PAFrequency ElMode [Help

Single frequency operating mode:
Scattering parameter S11

The display of the scattering parameter
S11 (reflection factor) as a complex value
according to Figure 21 represents the ratio
of the reflected to the incident wave and is
therefore a measure for the matching of
the connected test object. The introduction
to the measuring principle above shows
the relationships.

Single frequency operating mode:
LCR meter

The LCR meter measurement shown in
Figure 22 converts the values of the con-
nected impedance Z into a series or paral-
lel equivalent circuit model (EQC) con-

Figure 21: Single frequency operating mode: Scattering parameter S11



sisting of resistance, inductance and ca-
pacitor. Figure 23 shows the different
models. The desired form of the EQC, se-
rial or parallel, see later, can be selected
via the configuration and is shown in the
display.

The FA-VAG6 recognizes whether it is an
inductance or a capacitance and displays
the values accordingly. In addition, the
quality of the impedance is displayed,
which results from the ratio of reactance
to resistance. In a series equivalent circuit
model, a small resistance R leads to a high
quality. With a parallel equivalent circuit
model, on the other hand, the resistance
should be as high as possible for a high
quality.

Measurement

LCR

Frequency Frequency

R value EQC

138.00

Quality
Impedance Model

Information bar =3 Ehston  PIFrequency EdMode [FAHelp

Z20:500 CAL:FACTORY STD:FDE
Port-Ext: @s Om

144000000 Hz
354.8nH Cor Lvalue
0.43 Quality EQC
Parallel used EQC

EiL [E} Iﬂ J_C

Figure 23: Equivalent circuit models of
an impedance Z

This mode can be used in particular to me-
asure components. For a connected coil,
for example, its suitability for a certain
frequency and its resulting quality can be
determined directly. It should be noted that
all components have capacitive and induc-

Parameters

Figure 22: Single frequency operating mode: LCR meter

tive components (parasitic values). The
decisive factor is which part is dominant
at a certain frequency. A later measure-
ment example of the multi-frequency ope-
rating mode shows this behavior.
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144 000 000 Hz

s11 0.449 +70.166
Abs 0.479 Phase 0.35
RL 6.4dB mL 1.1dB

Frequency

Z 116.525 ¥3-50.1591

Abs 126.90 Phase

L 354.6nH R PAR
Q 0.43 SWR

0.41

138.10
2.84

Figure 24: Single frequency operating mode:
Detailed information

Single frequency operating mode:
Detailed information

Detailed information on the measurement
can be displayed and hidden from each
measurement using the B button as shown
in Figure 24. All previously explained val-
ues are summarized in the view. The cal-
culated return loss (RL) and the calculated
mismatch loss (ML) are also displayed.
The return loss is a specification in deci-
bels that indicates the attenuation of the
reflected signal. If the matching is good,
only a small part of the signal is reflected
and the attenuation of the reflected signal
is correspondingly high. The higher the
value, the better the matching.
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The mismatch loss, on the other hand, is
an indication of the power lost in the sys-
tem due to a mismatch. If there is optimum
matching, no power is lost and the mis-
match loss is 0 dB. The worse the match-
ing, the higher the value.

With both values, it should be noted that
only the ratio of powers is considered
here, not power. More precise definitions
can be found in the standard literature.
Furthermore, some of the values in the lit-
erature are also given with a negative sign.
The procedure is not uniform. The FA-
VA6 always shows positive values.

Single frequency operating mode:
Help function

As already mentioned, the B button switch-
es a help function on and off. Figure 25
shows the help function of the single fre-
quency operating mode. The help function
is self-explanatory.

Single frequency operating mode:
Configuration

Use the B button to call up the configura-
tion of the single frequency operating mode
as shown in Figure 26.

The configuration called up corresponds
to the operation of a menu. In addition, the

[ Single Measurement

Start/Stop Continuous

Set Frequency

ElQ change Freguency
Configuration

3]

B Measurement Details
BB Buzzer On/0ff

B Large SWR View On/Off
a8 Mode

Figure 25: Help function of the single fre-
quency operating mode

currently set value is displayed on the
right-hand side of a menu element. Some
menu elements branch to further actions,
indicated by an arrow on the right.

The individual parameters mean:
Frequency: Setting the measuring fre-
quency

Current Calibration: Current calibra-
tion using SOL calibration elements, valid
for single frequency operating mode
Current Standards: Setting the parame-
ters of the SOL calibration elements used;
the parameters can be found in the respec-
tive information on the calibration elements
Calibration Select: Selection of a creat-
ed calibration, if available, with the op-



Single Freq. Config

<€ Return

Frequency 144MHz

Current Calibration >
Current Standards >
Calibration Select [ga[lNg
Port-Ext. Time 0s|

Figure 26: Configuration of the single fre-
quency operating mode

tions Current, Master, Factory and None
Port-Extension Time: Setting a displace-
ment of the reference plane with specifi-
cation in nanoseconds

Port-Extension Length: Setting a dis-
placement of the reference plane with
specification in meters; this value depends
on the velocity factor

VF Selection: Selection of the input of a
velocity factor in the form of a selection
of a cable type or the input of your own
value

VF Cable Type: Specification of a veloc-
ity factor by selecting a cable type

VF Custom Value: Specification of a ve-
locity factor by entering your own value

Reference Impedance: Currently set ref-
erence impedance; the FA-VAG6 carries out
a complete renormalization of the mea-
sured scattering parameters if the value is
changed. The scattering parameter S11
and all values calculated from it are affect-
ed, but not the standing wave ratio SWR
and the display of the connected impe-
dance Z

Impedance Model: Selection of the
equivalent circuit model used for the dis-
play in the LCR meter

Buzzer: Switching the buzzer on and off
for the SWR measurement

Update Rate: Switching between fast and
slow measuring rate
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H Multi-frequency operating mode

The multi-frequency operating mode is the
mode of choice for measuring across entire
frequency bands (amateur radio bands).
As a rule, for example, the question of
adapting an antenna for a specific radio
band arises. However, this mode is also
ideal for evaluating components with
changing frequencies. This makes it pos-
sible to determine whether the component
under investigation is suitable for different
frequencies. A third application is the as-
sessment of cables (transformation prop-
erties).

This mode enables the following measure-
ments for a defined frequency range,
which can be switched through cyclically
by pressing the & button:

SWR Measurement of the standing wave

ratio

Z Measurement of the connected im-
pedance

S11  Measurement of the scattering pa-
rameter S11 as a Smith chart

S11  Measurement of the scattering pa-

rameter S11 in dB
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Switching through with the & button does
not start a new measurement sequence, but
only a calculation of the displayed values.
Starting and stopping a new measurement
sequence is described in the next para-
graph.

The multi-frequency operating mode starts
after being called up with the measure-
ment sequence paused. A continuous mea-
surement can be started and stopped again
using the @ button. The @ button starts a
single measurement.

The measurement parameters displayed
correspond to those of the single frequency
operating mode:

70 Currently set reference impe-
dance

CAL Currently used SOL calibration

STD Model of the currently used ca-
libration

Port- Current reference plane of the

Extension calibration in time and length

The frequency span can be reduced and in-
creased using the B3& buttons. The center
frequency can be shifted using the & O
buttons. The functions are locked accor-
ding to the logic: For example, the center
frequency cannot be shifted in such a way
that the measuring range limits of the de-

vice would be exceeded by the defined fre-
quency span.

The configuration of the multi-frequency
operating mode can be called up again via
the B button, see below.

A marker is displayed using the B button.
The marker is symbolized by a white cir-
cle and can be moved along the measure-
ment curve using the & O buttons. The
exact frequency position of the marker and
the corresponding measured value are dis-
played in the upper area.

When the marker is switched on, the sca-
ling of the y-axis (measured values) can
be changed using the @ & buttons. The se-
lected scaling is retained even after the
marker is switched off. In addition, when
the marker is switched on, the B button
can be used to show and hide detailed in-
formation on measured values at the posi-
tion of the marker.

The following diagrams show the indivi-
dual measurements with the marker swit-
ched on.
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Multi-frequency operating mode:
Standing wave ratio SWR

The measurement of the standing wave ra-
tio SWR in Figure 27 shows the standing
wave ratio SWR for the defined frequency
span. If the marker is activated and the
corresponding function is switched on in
the mode configuration, the marker jumps
to the SWR minimum of the measurement
curve after each measurement run.

Multi-frequency operating mode:
Impedance Z

The impedance measurement in Figure 28
shows the value of the connected complex
impedance, separated into real and imagi-
nary parts.

Frequency and measured
value at marker position

Frequency: 144000 000 Hz
SWR 1.41

Measurement

Amateur radio
band
(if activated)

Scale for
measured value

Measurement
curve

Marker

Start, center
100MHz and stop

Information bar ——3»FIgRRun  EAMarker [EdMode [FAHelp frequency

Figure 27: Multi-frequency operating mode: Standing wave ratio SWR

Frequency and measured
value at marker position

Measurement F[.‘equency: 16484 %88 000 Hz
: : Amateur radio
Scale for t?and )
measured value (if activated)
Measurement
curves

Start, center

0 100MHz 156MHz and stop
Information bar = [JERun PAMarker [EdMode [AHelp frequency

Figure 28: Multi-frequency operating mode: Impedance Z
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Multi-frequency operating mode:
Scattering parameter S11
as Smith chart

The display of the scattering parameter
S11 (reflection factor) as a Smith chart ac-
cording to Figure 29 differs significantly
from the other measurements. The start,
center and stop frequencies are on the left-
hand side. Values for the position of the
marker, as well as selected measurement
parameters, are displayed at the bottom
left edge. Scaling of the y-axis is not pos-
sible with the Smith chart.

The Smith chart represents a mapping of
the complex impedance, normalized to the
system impedance, to the plane of the scat-
tering parameter S11. The point of opti-
mum matching is therefore in the center
of the circle. This corresponds to an S11
value of S11 = 0 + i0. A short circuit is
shown on the far left of the circle and an
open circuit on the far right. The x-axis
represents the line of resistances. Capaci-
tive reactances are shown in the lower
area, inductive reactances in the upper
area. With a little practice, the Smith chart
can be used to quickly determine the devi-
ation from an ideal match and the mea-
sures that need to be taken to match it.
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Measurement

S11
Start, center
and stop 100 .0MHz Measurement
frequency 150.0MHz curve
200.0MHz Marker

Frequency and

measured
value at marker 144000 000 Hz
position 0.162+3j0.051

ElMode ﬂHe‘Lp<— Information bar

[ERun

EiMarker

Figure 29: Multi-frequency operating mode: Scattering parameter S11 as a Smith chart

Frequency and measured
value at marker position

Frequency: 144000 000 Hz
Measurement S11 4
S11: -15.39 dB Measurement
curve
Scale for Marker

measured value

Amateur radio
band
(if activated)

Start, center

dB 100MHz 156MHz and stop

frequency

Information bar —3»EagRRyn ~ PiMarker EdMode ElHelp

Figure 30: Multi-frequency operating mode: Scattering parameter S11 in dB



144 000 000 Hz

s11 0.150 +] 0.044
Abs 0.157 Phase 0.28
RL 16.1dB ML 0.1dB

Frequency

z 67.379 +j 6.048

Abs 67 .60 Phase

T 836.3nH R PAR
Q 0.09 swr

0.09

67.90
1.37

Figure 31: Multi-frequency operating mode:
Detailed information

Multi-frequency operating mode:
Scattering parameter S11 in dB

Another measurement is the display of the
scattering parameter S11 in dB according to
Figure 30. The displayed value corresponds
to the inverted value of the return loss.

Multi-frequency operating mode:
Detailed information

After activating the marker using the
button, detailed information on the mea-
surement can be displayed and hidden
from each measurement using the B but-
ton as shown in Figure 31. The view cor-
responds to the view of the single frequen-
cy operating mode.

[ single Measurement
Start/Stop Continuous
ElQ center Freguency
NEdFreguency Span
Configuration

Marker On/0ff

Marker Details (Marker On)
NEdY-Scale (Marker On)

B)E) save/Load Measurement

Mode

Figure 32: Help function of the multi-
frequency operating mode

Multi-frequency operating mode:
Help function

The B button also displays and hides a
help function in multi-frequency operating
mode. Figure 32 shows the help function,
which is self-explanatory.

Multi-frequency operating mode:
Configuration

Use the B button to call up the configura-

tion of the multi-frequency operating mo-
de as shown in Figure 33.

Freq. Config

< Return
Frequency

Frequency Stop

Frequency Center

Frequency Span

Frequency Band

Figure 33: Configuration of the multi-
frequency operating mode

Most of the parameters correspond to tho-
se of the single frequency operating mode.
They mean

Frequency Start: Setting the start measu-
ring frequency; the center frequency and
frequency span are automatically adjusted
when changed

Frequency Stop: Setting the stop measu-
rement frequency; the center frequency
and frequency span are automatically ad-
justed when changed

Frequency Center: Setting the center me-
asuring frequency; the start and stop fre-
quency are automatically adjusted when
changed
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Frequency Span: Setting the frequency
span; the start and stop frequency are auto-
matically adjusted when changed
Frequency Band: Setting all frequency
parameters by selecting a dedicated fre-
quency band; the displayed bands and fre-
quencies differ depending on the selection
of the JARU Region in Settings.

Current Calibration: Current calibra-
tion using SOL calibration elements, valid
for multi-frequency operating mode
Current Standards: Setting the parame-
ters of the SOL calibration elements used;
the parameters can be found in the respec-
tive information on the calibration ele-
ments

Calibration Select: Selection of a created
calibration, if available, with the options
Current, Master, Factory and None
Port-Extension Time: Setting a displace-
ment of the reference plane with specifi-
cation in nanoseconds

Port-Extension Length: Setting a displa-
cement of the reference plane with speci-
fication in meters; this value depends on
the velocity factor

VF Selection: Selection of the input of a
velocity factor in the form of a selection
of a cable type or the input of your own
value
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VF Cable Type: Specification of a velo-
city factor by selecting a cable type

VF Custom Value: Specification of a ve-
locity factor by entering your own value
Reference Impedance: Currently set re-
ference impedance; the FA-VAG6 carries
out a complete renormalization of the me-
asured leakage parameters if the value is
changed. The scattering parameter S11
and all values calculated from it are affec-
ted, but not the standing wave ratio SWR
and the display of the connected impedan-
ceZ

Impedance Model: Selection of the equi-
valent circuit model used for the detailed
display when the marker is activated
Sweep Mode: Setting the Fast, Balanced,
Precise mode, which defines the comple-
xity of digital signal processing and balan-
ces measurement duration to accuracy
Show Frequency Band: Switching the
graphic display of the amateur radio bands
on and off according to the selected JARU
Region

SWR Marker Autoset: Sets an activated
marker to the SWR minimum after a new
measurement run
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H Time domain operating mode

Cable fault measurements can be carried
out using the time domain operating mode.
This allows faulty adapters, short circuits
or crushes in a cable and similar to be
quickly identified and precisely localized.
In addition, the impedance of cables and
their local course can be determined so
that cables with different impedances can
be quickly identified. This mode can also
be used to easily determine the length of
cables.

In practice, the FA-VAG first measures the
reflections from a connected device under
test over a wide frequency range (transfer
function). These measured values are then
mathematically transformed into the time
domain (impulse response). The impulse
response corresponds to the measurement
method in the time domain, in which a
very short voltage pulse at a device under
test causes a reaction. The resulting reac-
tion is the impulse response. The impulse
response makes it possible to display re-
flections along time. Reflections can be
assigned to a distance with a known ve-
locity factor. The maximum measuring
time / measuring distance is defined by the
number of frequency measuring points. In
addition, the impedance of the measure-
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ment object can also be displayed via a
further mathematical calculation (step re-
sponse). Further details can be found in
[6].

This mode enables the following measure-
ments, which can be switched through
cyclically by pressing the & button:

IR  Measurement of the impulse re-
sponse (reflections) along a dis-
tance (section)

IR  Measurement of the impulse re-
sponse (reflections) in dB along a
distance (section)

SR Measurement of the step response
along a distance (section)
SRZ Measurement of step response (im-

pedance) in ohms along a distance
(section)

Switching through with the & button does
not start a new measurement sequence, but
only a calculation of the displayed values.
Starting and stopping a new measurement
sequence is described in the next para-
graph.

The time domain operating mode starts
with a single measurement after being
called up. A continuous measurement can
be started and stopped using the Bl button.
The @ button starts a single measurement.

Due to the multi-stage, sometimes longer
measurement sequence, it is advisable to
use a single measurement sequence.

The measurement parameters displayed
correspond to those of the single frequency
operating mode:

70 Currently set reference imped-
ance

CAL Currently used SOL calibra-
tion

STD Model of the currently used
calibration

Port- Current reference plane of the

Extension calibration in time and length

The section can be reduced and enlarged
using the O3 & buttons. The section can be
moved using the buttons. These func-
tions are also locked according to the logic.
For example, a section cannot be moved
beyond the maximum possible measuring
distance.
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The configuration of the time domain op-
erating mode can be called up again via
the B button, see below.

A marker is displayed using the @ button.
The marker is symbolized by a white cir-
cle and can be moved along the measure-
ment curve using the & @ buttons. The ex-
act position at the location of the marker
and the corresponding measured value are
displayed in the upper area.

‘When the marker is switched on, the scal-
ing of the y-axis (measured values) can be
changed using the B3 & buttons. The se-
lected scaling is retained even after the
marker is switched off. In addition, when
the marker is switched on, the B button
can be used to show and hide detailed in-
formation on measured values at the posi-
tion of the marker.

The following diagrams show the individ-
ual measurements with the marker
switched on:

Time domain operating mode:
Impulse response

The measurement of the impulse response
according to Figure 34 shows reflections
along a defined distance. Open curcuits
are shown with a positive value, short cir-
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Position and measured value
at marker position

Position:
S11:

Measurement IR

Scale for
measured value

Marker

Measurement
curve

Start, center

and stop
Information bar _>Run nﬂal‘kel‘ nl’lode ﬂHe’Lp position
Figure 34: Time domain operating mode: Impulse response
Position and measured value
at marker position
Measurement IR Position:
S14:
Marker
Scale for
measured value
Measurement
curve

3.14m
Information bar =3 EaEIRn ~ PlMarker [EdMode [AHelp

Start, center
and stop
position

Figure 35: Time domain operating mode: Impulse response in dB




cuits with a negative value. A total reflec-
tion results in an impulse response value
of +1 or—1. In practice, this value is small-
er due to losses, e.g. along a cable.

Time domain operating mode:
Impulse response in dB

The measurement of the impulse response
in dB according to Figure 35 corresponds
to the previous measurement, whereby the
magnitude of the impulse response is now
displayed in dB. The logarithmic display
simplifies the assessment of the relevance
of the reflections.

Time domain operating mode:
Step response

The display of the step response in Figure
36 results from a mathematical operation,
the integration of the impulse response. In
a figurative sense, a voltage step rather
than a voltage pulse was used for the me-
asurement in the time domain. This means
that a DC component is superimposed on
the measurement, which enables the im-
pedance to be evaluated, among other
things. The measurement is suitable for
displaying changes over distances (see ap-
plication examples). Knowledge of the

Position and measured value
at marker position

Position:
S14%

Measurement SR

Scale for
measured value

Marker

Measurement
curve

Start, center

and stop
Information bar —3»FagEp R PAMarker [EdMode [EAHelp position
Figure 36: Time domain operating mode: Step response
Position and measured value
at marker position
Measurement SRZ ggsitioth
: Marker
Scale for
measured value
Measurement
curve

3.14m
Information bar —3»FaEIRn ~ PlMarker [EdMode [EAHelp

Start, center
and stop
position

Figure 37: Time domain operating mode: Step response impedance Z
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DC impedance (Z,) is important for cor-
rect functioning. This can therefoe be en-
tered manually under Configuration if re-
quired.

Time domain operating mode:
Step response Impedance Z

The display of the step response as im-
pedance Z along a distance is shown in
Figure 37. The displayed impedance de-
pends on the set velocity factor.

Time domain operating mode:
Detailed information

After activating the marker using the B,
button, detailed information on measured
values at the position of the marker can be
displayed and hidden from each measure-
ment using the B button (Figure 38).

Time domain operating mode:
Help function

As before, the @ button displays and hides
a help function. Figure 39 shows the help
function, which is self-explanatory.
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5.000m

0.550
-5.20dB

0.564
179.300

Position

IR S11
IR S11

SR S11
SR S11

Figure 38: Time domain operating mode:
Detailed information

Time domain operating mode:
Configuration

Use the B button to call up the configura-
tion of the time domain operating mode as
shown in Figure 40.

Some of the parameters differ from the
multi-frequency operating mode. The pa-
rameters mean:

Number Of Samples: Setting the number
of measurement samples

Windowing: Activation of a Hann win-
dow in the calculation

Z)0 Selection: Selection of the Auto-calcul.
method or Own value for setting the DC
impedance Z0; affects the step response

[J Single Measurement
Start/Stop Continuous
Bl Move Section

B2 Section Span

Configuration

Marker On/O0ff

Marker Details (Marker On)
NEdY-Scale (Marker On)

Mode

Figure 39: Help function of the time domain
operating mode

70 Custom Value: Specification of a DC
impedance (Z0) by entering your own va-
lue

Calibration Select: Selection of a created
calibration, if available, with the options
Master, Factory and None. Note: The time
domian operating mode does not use Cur-
rent calibration

Port-Extension Time: Setting a displace-
ment of the reference plane with specifi-
cation in nanoseconds

Port-Extension Length: Setting a displa-
cement of the reference plane with speci-
fication in meters; this value depends on
the velocity factor



VF Selection: Selection of the input of a
velocity factor in the form of a selection
of a cable type or the input of your own
value

VF Cable Type: Specification of a velo-
city factor by selecting a cable type

VF Custom value: Specification of a ve-
locity factor by entering your own value
Sweep Mode: Setting the Fast, Balanced,
Precise mode, which defines the comple-
xity of digital signal processing and balan-
ces measurement duration to accuracy
The Number Of Samples setting results in
a defined maximum measuring distance.
The more values are measured, the longer
the measurement and calculation will take.
The number of values must therefore be
selected so that the distance to be exami-
ned is fully covered. The length of this dis-
tance can be taken from the x-axis of the
diagram.

The optional activation of windowing sup-
presses the display of pre- and post-oscil-
lations for a shown reflection, but the dis-
played pulse becomes wider. Furthermore,
the amplitude of the displayed pulse may
deviate.

TDR Configuration

< Return
Number Of Samples 128

Windowing []

Z0 Selection AUTO CALC

Z0 Custom Value 100k0
Calibration Select [F\&[I]

Figure 40: Parameters of the time domain
operating mode
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H Applications

The FA-VAG6 offers a range of applications
that facilitate the measurement of typical
applications.

oB

Z20:500 CAL:FACTORY STD:FDE
Port-Ext: ©@s Om

>10.0 1.9MHz
e 32 3.8MHz

7.1MHz
14.2MHz
28.9MHz

s.52 [
407 I

ElConfig
Figure 41: 5-band SWR application

[) Single Measurement

Start/Stop Continuous
Configuration

Figure 42: 5-band help
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5-band SWR

The 5-band SWR application enables the
quasi-simultaneous measurement of a
standing wave ratio for five different fre-
quencies. This makes it particularly easy
to calibrate a multiband antenna where an
adjustment affects the SWR at several fre-
quencies simultaneously.

Figure 41 shows the corresponding dis-
play. The SWR is displayed numerically
and as a bar. The measurement parameters
displayed correspond to those of the single
[frequency operating mode:

70 Currently set reference imped-
ance

CAL Currently used SOL calibra-
tion

STD Model of the currently used
calibration

Port- Current reference plane of the

Extension calibration in time and length

The help function as shown in Figure 42
can be activated via the @ button.

The configuration, accessible via the
button, differs from the configuration of
the single frequency operating mode es-
sentially only in the setting of the five fre-
quencies, see Figure 43.

The adjustable parameters are:

Frequency 1: Setting the first measuring
frequency

Frequency 2: Setting the second measur-
ing frequency

Frequency 3: Setting the third measuring
frequency

Frequency 4: Setting the fourth measur-
ing frequency

Frequency 5: Setting the fifth measuring
frequency

Current Calibration: Current calibration
using SOL calibration elements, valid for
the 5-band operating mode

Current Standards: Setting the parame-
ters of the SOL calibration elements used;
the parameters can be found in the respec-
tive information on the calibration elements

Configuration

< Return
Frequency
Frequency
Frequency
Frequency

Frequency

Figure 43: Configuration 5-band SWR



Calibration Select: Selection of a created
calibration, if available, with the options
Current, Master, Factory and None
Port-Extension Time: Setting a displace-
ment of the reference plane with specifi-
cation in nanoseconds

Port-Extension Length: Setting a dis-
placement of the reference plane with
specification in meters; this value depends
on the velocity factor

VF Selection: Selection of the input of a
velocity factor in the form of a selection
of a cable type or the input of your own
value

VF Cable Type: Specification of a veloc-
ity factor by selecting a cable type

VF Custom Value: Specification of a ve-
locity factor by entering your own value
Reference Impedance: Currently set ref-
erence impedance; the FA-VA6 performs
a complete renormalization of the mea-
sured scattering parameters if the value is
changed. The scattering parameter S11
and all values calculated from it are affect-
ed, but not the standing wave ratio SWR
and the display of the connected im-
pedance Z

Update Rate: Switching between fast and
slow measuring rate

CAB Cable Length

1) Attach Cable to Test

2) Choose Velocity Factor

.66 RG 58 cu  *

3) Press Enter

CAB Cable Velocity

1) Attach Cable to Test
2) Enter Cable Length
3) Press Enter

BlReturn  P3EdSelect EJContinue

BlReturn  PNEdSelect EContinue
Figure 44: Cable length application
Cable length

The Cable length application allows you
to determine the length of a cable with a
known velocity factor according to Figure
44.

The procedure is largely self-explanatory.
A cable with an open or short end can be
measured. After entering the velocity fac-
tor, the type of termination and the deter-
mined mechanical length are displayed.
Depending on the velocity factor, cables
with a length of approx. 0.5 m to 100 m can
be measured.

Figure 45: Cable velocity application

Cable velocity

The Cable velocity application allows you
to determine the velocity factor of a cable
with a known mechanical length as shown
in Figure 45.

The procedure is explained in the respec-
tive steps. A cable with an open or short
end can be measured. After entering the
length, the type of termination and the de-
termined velocity factor are displayed. Ca-
bles with a length of approx. 0.5 m to 100
m can be measured.
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CAB

Cable Impedance

Attach Cable 1m-10m
With Open Circuit

Termination
Press Enter

CAB cable Loss

1) Attach Cable 1m-10m
With Open Circuit

Termination
Press Enter

IVSCN - Frequency Sweep

1 000 000 Hz
100 000 000 Hz
Samples Count: 1
0:FAST

@ms

Start Frequency:
Stop Frequency:

Sweep Mode:
Additional Delay:

BlReturn Blcontinue] [EJReturn BlContinue EACommands
Figure 46: Cable impedance application Figure 47: Cable loss application Figure 48: USB mode
Cable impedance Cable loss B USB mode

The cable impedance application allows
the characteristic impedance of a cable to
be determined as shown in Figure 46.

Cables from approx. 1 m to 10 m can be
measured. First connect the cable to be test-
ed with one end open. A further measure-
ment step, not shown here, prompts you to
measure the same cable with a short-cir-
cuited end. After performing the second
measurement, the characteristic impedance
of the cable is displayed. The frequency at
which the electrical cable length corre-
sponds to one eighth of the wavelength is
also displayed. From this, conclusions can
be drawn about the relationship between
mechanical length and velocity factor.
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First connect the cable to be tested with
one end open. A further measurement step,
not shown here, prompts you to measure
the same cable with a short-circuited end.
After the second measurement has been
carried out, the loss of the cable deter-
mined for the five frequencies 10 MHz, 30
MHz, 50 MHz, 100 MHz and 200 MHz is
displayed. These frequencies correspond
to the common specifications in cable data
sheets. The actual mechanical length must
be taken into account when making a com-
parison.

USB mode allows the FA-VAG6 to be con-
trolled via a connected USB cable as
shown in Figure 48. No parameter settings
are available.

When the FA-VAG is connected to a PC
via a USB cable, a message appears asking
whether to switch to USB mode. The ap-
pearance of this message can be deactivat-
ed via USB connection popup in the Set-
tings menu.

The last control command received via
USB is shown in the display in Figure 48.
A help function, accessible via the @, but-
ton, displays a brief explanation of the
possible commands.



Control via the commands described can
be carried out using a terminal program or
other software. The comprehensive VNWA
software is adapted to control the FA-VAG6.
Details can be found in the later chapter
VNWA software for the FA-VAG.

B Frequency generator

The frequency generator operating mode
allows the FA-VAG to be used as a simple
signal generator in the frequency range up
to 200 MHz as shown in Figure 49. The
generator frequency can be changed by
pressing or holding the & B buttons. The
frequency can be set using the B button.
The @ button activates or deactivates the
signal output. The output signal at the

GEN

Frequency Generator

44954166 Hz

Frequency

STowL I

ElDeactivate [EJFrequency [ElHelp

Figure 49: Frequency generator

BNC socket is a square wave signal. As
before, the @ button shows and hides a
help function. Figure 50 shows the help
function, which is self-explanatory.

H Clock

Figure 51 shows the clock operating
mode. In addition to the date, day of the
week and time, the callsign entered in the
settings is also displayed, if set.

Bl SOL calibration

One of the strengths of the FA-VAG is its
extensive calibration options. For begin-
ners, the relationships may sometimes
seem complicated. This is why the FA-
VA6 comes with a factory calibration that

Generator On/Off |
Set Frequency
EID Change Frequency

Figure 50: Frequency generator help

allows measurements to be taken directly
in relation to the BNC socket.

However, the full accuracy and other ap-
plications can only be achieved by using
the full calibration options of the FA-VAG6.
As explained in the Functional principle
chapter, calibration is used to determine
values for error correction in relation to a
specific reference plane. This requires
three different calibration elements, in this
case Short, Open and Load (SOL). The
reference plane is exactly where the three
calibration elements were measured. A de-
termined error network now applies to this
local point and all further measurements
are based on this reference plane. By using
a reference plane, cables, e.g. antenna

DGSMK

09:46:59
Friday
20/06/2025

Figure 51: Clock

BX-246 - 39



feed lines, can be included and the mea-
sured values then reflect the conditions at
the end of the cable.

For calibration, a short, open and load cal-
ibration element must always be connect-
ed to the reference plane in succession and
measured. This process is shown in the
FA-VA6 menu and is self-explanatory.
The parameters to be used for the calibra-
tion elements must be specified during the
process. There are two models:

IDEAL Ideal model. Here, 0 € (S11
=-1+i0) is assumed for Short, an
infinitely high value in ohms
(S11 = 1+i0) for Open and 50
ohms (S11 = 0+i0) for Load.
Frequency-dependent model.
Here, the values of the calibra-
tion elements change with the
frequency. The model can be
found in the help document of
the VNWA software [4], where it
is referred to as Simple Model.

FDE

For the second model, FDE, the values, at
least for the load of the calibration ele-
ments, differ for each specific calibration
kit. These must therefore be measured in-
dividually and communicated to the FA-
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VAG6. These values are supplied by the
manufacturer of the calibration elements,
or they must be measured with a calibrated
high-precision device.

For increased flexibility, the FA-VA6 of-
fers three different calibrations that can be
selected by the user via the configuration
of an operating mode. These three calibra-
tions are

Factory This calibration refers to the ref-
erence plane of the BNC socket
and has already been carried out
at the factory. However, it can be
carried out again in the Advanced
Settings menu if the socket is
changed. It is based on reference
points. The correction values are
interpolated for measurements
at frequency values outside the
reference points.
This calibration corresponds to
the factory calibration, but can
be used by the user as a supple-
ment, e. g. to include an adapter.
Current This calibration exists individu-
ally for the single frequency,
multi-frequency and 5-band op-
erating modes. Correction val-
ues are determined exactly for

Master

the respective measuring fre-
quencies. This calibration po-
tentially provides the highest ac-
curacy.
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It should also be mentioned that the FA-
VA6 always automatically selects the best
available calibration first. In this case, cur-
rent comes before master before factory.
However, the user can override the auto-
matic selection by making an explicit se-
lection as described above.

Changing parameters, e.g. the measuring
frequency, invalidates a current calibra-
tion that has been performed. For the time
domain operating mode and for most ap-
plications, the master or factory calibra-
tion is always used.

The current calibrations can always be ac-
cessed via the configuration of the corre-
sponding operating mode, the master cal-
ibration can be accessed via the settings

Multi Frequency Current
SOL Calibration

Choose Standards Model

IDEAL §
Press ENTER

Figure 52: Current calibration: First step

SOL Current Standards

<€ Return

Short Delay -113.52ps
Open Delay

bfF

Load Delay

Load Capacitance
Load Inductance

Figure 53: Current calibration: Setting the pa-
rameters of the calibration elements

menu and the factory calibration via the
advanced settings menu.

The calibration process itself is the same
everywhere. Figure 52 shows an example
of the first step of menu-guided calibration
in multi-frequency operating mode.

First enter the model of the parameters
used for the calibration elements, see next
section, and confirm with the & button.
Then connect the Short element and con-
firm the process with the @ button. Then
connect the open element and the load el-
ement and confirm the respective process
with the & button.

Before the calibration itself, the parame-
ters of the model can be entered if the fre-

quency-dependent model FDE is used.
Such an entry is usually only made once,
as the same calibration elements are usu-
ally used. Figure 53 shows this for stan-
dards for a current calibration.

The entries correspond to the structure of
the FDE model described above and must
be entered exactly as listed. For the preci-
sion BNC calibration elements available
as accessories, the values are specified on
an instruction leaflet.

B Saving and loading data records

The FA-VAG6 can save the measured and
calibrated data records for measurements
in multi-frequency operating mode. The
stored data records can be retrieved by
other programs, e.g. by the VNWA soft-
ware (see later chapter), via the USB in-
terface. Stored data records can also be
displayed on the device.
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Save Measurement

#1 20/06/2025 09:47:53
100MHz -> 169MHz

#2

<empty>

#3

#4
E2Select SlotBJOverwrite E)Delete

Figure 54: Saving measurement data

<empty>

<empty>

There are memory locations for 16 data
records. The memory function can be ac-
cessed via the @ button. Figure 54 shows
the corresponding display. A memory lo-
cation can be selected using the I3 & but-
tons.

For an occupied memory location, the
time stamp at the time of saving and the
frequency span used are displayed. The
current data record can be saved using the
button. If a memory location is occu-
pied, a confirmation prompt is displayed
before overwriting. The data of a memory
location can also be deleted at any time us-
ing the B button. Here too, a confirmation
prompt is displayed before the data is
overwritten.
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Load Measurement

20/06/2025 09:47:53

#1 100MHz -> 169MHz

#2
#3

#4
PYE2Select Slot

<empty>
<empty>

<empty>

EBlLoad

Figure 55: Loading measurement data

ElDelete

Note: The FA-VA6 works internally with
101 sampled values so that the start, end
and center frequencies as well as all inter-
mediate values are optimally mapped.
However, for compatibility reasons with
the predecessor FA-VAS, only the first 100
values are loaded by the VN'WA software.
The last value is discarded.

The display for loading memory records
as shown in Figure 55 corresponds to the
operating concept described above. The
loaded measurement data is displayed in
multi-frequency operating mode. The ac-
tions are, as usual, derived from the infor-
mation bar and the help function.



H Measurement examples

The following measurement examples are
intended to enable even less experienced
users to use the FA-VA6 quickly and
should in no way be regarded as exhaus-
tive. There are many other applications for
measurements with vector 1-port analyz-
ers on the Internet and in the literature. For
a simple SWR measurement on an anten-
na, please also refer to the Quick Start
chapter.

Fault measurement
on an antenna feed line

An approx. 60 m long antenna feed line
with cable type H155 is measured. The an-
tenna feed line has two built-in adapters,
one after a few meters and one approxi-
mately in the middle of the feed line. An
automatic tuner is connected to the end of
the antenna feed line, which connects the
feed line to ground in the idle state.

After selecting the time domain (TDR),
the number of measured values must first
be increased via the configuration. 2048
values are selected, as this results in a
maximum measurement distance of
101.33 m. Furthermore, the selection of
the velocity factor is changed to cable type
in the configuration and the corresponding

cable H155 is selected. The greater veloc-
ity factor also changes the maximum mea-
suring distance to a length of 122.82 m.
The next step is optional and improves the
accuracy of the subsequent measurement
of the step response Z. It is known that the
end of the antenna feed line is connected
to ground. For this reason, the setting Own
value is selected in the configuration un-
der Z0 selection and this value is set to 0
under Z0 own value. If the end were open,
a high value of e.g. 1000 € would have to
be entered here. With the default setting
Auto Calc under Z0 selection, the FA-VA6
determines this value automatically from
its own measurement.

Z20:500 CAL:FACTORY STD:FDE
Port-Ext: @s @m

61.41m 122.82m
E3Marker EJMode [EAHelp

Figure 56: Measurement of the antenna feed
line: overall view of the impulse response dB

The impulse response measurement only
shows a small negative deflection. There-
fore, the measurement is switched to im-
pulse response dB. This results in the dis-
play shown in Figure 56.

The closer the impulse response values are
to 0 dB, the stronger the reflection. Obvi-
ously, there is a relatively strong reflection
just before 60 m. Two further, smaller re-
flections appear in front of this strong re-
flection.

The marker can now be switched on for
localization and the interference points
can be 'approached'. The three reflections
are assigned to the distances 5.3 m, 31.4
m and 56.6 m. The two adapters and the
end point of the feed line on the automatic
tuner are located at these distances. Alter-
natively, with the marker switched off, you
can use the arrow keys to select a sub sec-
tion of the measuring section to be viewed
in terms of length and position. This is al-
ways useful if local areas are to be exam-
ined more closely. For the second reflec-
tion, for example, this results in the section
shown in Figure 57.

The superposition of two pulses can be
seen here, as there is a multi-transition due
to the inserted adapter. In fact, a female-
female adapter is used. However, the val-
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Z0:500 CAL:FACTORY STD:FDE
Port-Ext: @s @m

IR

0
-20
-40

-60

-88 WMy
dB 28.56m 31.47m 34.38m
EJEBRun  EIMarker [EBMode [EdHelp

Figure 57: Measurement of the antenna feed
line: section of the impulse response dB

MNWM/\J\/

ues for the first and second reflections in-
dicate that the interference points are of
low relevance.

The display of the step response measure-
ment as impedance Z over the entire dis-
tance is also interesting, see Figure 58.
The impedance jump from the character-
istic impedance of the cable, from approx.
52 Qto 0 €, can be clearly seen at the end
of the supply line.

Parameter measurement of a cable

The length and other parameters of a type
H2007 cable are to be determined. First
determine the length of a 'roll' of cable.
This can be done using the time domain
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Position:

61.41m

[DERun  EIMarker EdMode

CAB cable Length

Velocity Factor:
@.85

End of Cable:
Open

Cable Length:
56.51m

Figure 58: Measurement of the antenna feed
line: step response Z

mode (TDR) as described above. A sim-
pler alternative are the cable applications.
To do this, the Cable length application is
started when the cable is connected. After
selecting cable type H2007, the display
shown in Figure 59 appears at the end of
the measurement.

The end of the cable is identified as open.
The cable length is specified as 56.5 me-
ters. A comparison with the manufactur-
er’s printed linear meters gives a length of
53 meters. Such deviations may result, for
example, from a different velocity factor.

Therefore, a shorter section of the same
cable type is now measured. A mechanical
length of 8.3 m is determined in advance.

Figure 59: Display of the result of the cable
length application

After entering the length of 8.3 m, the ap-
plication cable velocity is shown in Figure
60 after the measurement.

The velocity factor shown is 0.78, instead
of the factor of 0.83 listed in the data sheet
for cable type H2007. With this slightly
different velocity factor, the correct value
of 53 m length would also result for the
first measurement.

The characteristic impedance and loss
should now be determined for the shorter
cable of 8.3 m in length. For both applica-
tions, the end of the cable must be terminat-
ed once with Open and once with Short. If
an appropriate adapter is selected, the exist-
ing calibration elements can be used for this.



CAB

Cable Velocity

Cable Length:
8.30m

End of Cable:
Open

Velocity Factor:

CAB

Cable Impedance

Characteristic Impedance
51.20

Frequency at A/8:
3614070 Hz

CAB cable Loss
Cable Loss:
.19dB
.32dB
.42dB

.62dB

Frequency:
10MHz
30MHz
SOMHz
100MHz
200MHz

Figure 60: Display of the result of the cable
velocity application

Figure 61 shows the result for the cable
impedance application. A characteristic
impedance of 51 Q is determined. The da-
ta sheet shows a range of 48 Q to 52 Q for
the characteristic impedance.

For the cable loss application, the results
in Figure 62 must be converted to the usu-
al values per 100 meters using the actual
cable length. The data sheet shows an at-
tenuation of 2.2 dB/100 m at 10 MHz.
Here, the 0.19 dB/8.3 m shown must be
converted to 100 meters. The logarithmic
values can simply be added together. This
results in a total of 2.29 dB / 100 m.

Figure 61: Display of the result of the cable
impedance application

Measurement on a coil

Adapters can be made or purchased for
measuring components. For low frequen-
cies, a commercially available BNC to ba-
nana jack adapter can be used. A wired
49.9 Q resistor is then used as a load and
a piece of silver wire as a short. Open is
simply leaving the sockets open. An actual
calibration is therefore carried out in such
a way that the calibration elements are al-
ways connected to the screw terminals of
the banana jacks. This means that the ref-
erence plane is then located to the screw
terminals of the banana jacks.

Bild 62: Anzeige des Ergebnisses der App-
likation Kabel-Verlust

The test object is now connected and mea-
sured here. Adapters consisting of 2.54
mm sockets and headers are suitable for
medium frequencies. The calibration ele-
ments then consist of SMD resistors.
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1000000 Hz
0

Frequency:
745

1MHz 25.5MHz

Bvarker EMode [EAHelp

Figure 63: Measurement of a coil: Display
impedance Z

The values of a self-wound toroidal coil
for the short-wave range are now to be de-
termined here using the first type of
adapter mentioned. It is a T106-2 toroid
(red) with 33 turns of enameled copper
wire. Calculation programs on the Internet
show an inductance of 14.7 pH for these
specifications. For an overview, Figure 63
shows the result of an impedance Z mea-
surement in multi-frequency mode for the
range 1 MHz to 50 MHz. First, a current
calibration was performed as described
above. The marker was then activated and
the Y scaling was changed to the maxi-
mum value, in this case 1000 Q.
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The measurement result is characteristic
of a coil. The real part of the impedance Z,
the resistance, increases only slightly with
the frequency, approaches a maximum at
approx. 30 MHz and then falls again. The
imaginary part of the impedance Z, the re-
actance, increases linearly with the fre-
quency, but then falls steeply into the neg-
ative at approx. 30 MHz. This point, at ap-
prox. 30 MHz, is the resonance frequency
of the coil. At even higher frequencies,
stray capacitances predominate and the
component acts as a capacitor. A parallel
resonant circuit is present at the resonant
frequency. As a rule, the component can
only be used as a coil to the left of the res-
onant frequency. This behavior can also be
seen very well in the measurement S11
Smith chart, according to Figure 64.

The almost ideal inductance is shown on
the circle of the Smith chart almost exclu-
sively in the upper, inductive area of the
chart and then runs into the lower, capaci-
tive area at higher frequencies.

As the coil is to be used in the 30 m band
at 10.1 MHz, the single frequency operat-
ing mode with the LCR meter measure-
ment is selected to optimize the coil. After
a current calibration, as shown above, the
display is as shown in Figure 65. The

S11

1.8MHz
25.5MHz
50.0MHz

Z20:500
STD:IDE
CAL:CURRENT
@s Om

[ERun  BMarker EAHelp

Figure 64: Measurement of a coil: Display
S11 Smith

EMode

impedance model Serial is selected in the
configuration. As a result, the coil is as-
sumed to be a series connection of an ideal
inductance and an ideal resistance and the
values of the corresponding equivalent cir-
cuit model are displayed.



Z0:500 CAL:CURRENT STD:IDE
Port-Ext: @s @m

10100000 Hz

17 . 3uH
100.65

Serial

LCR

Frequency

10.90

Quality
Impedance Model
Elstop BEAFrequency EdMode [EAHelp

Figure 65: Measurement of a coil: Display
LCR in single frequency operating mode

At the target frequency, this results in a
loss resistance of just over 10 Q and an in-
ductance of 17.3 pH instead of the calcu-
lated 14.7 pH Deviations of this magni-
tude are quite common. Average values
are also often specified. At a target fre-
quency of 5 MHz, not shown here, the coil
in question has an inductance of 15.8 pH.
Due to such deviations, it is always better
to measure a self-made component for the
target frequency in question.

1000000 Hz
61.81

Frequency:
SWR

25.5MHz
EMarker EIMode [EAHelp

Figure 66: Measurement of a magnetic an-
tenna: SWR range 1 MHz to 50 MHz

SWR measurement
on a magnetic antenna

Magnetic antennas sometimes have very
narrow resonance points, which may be
overlooked during the measurement. A
magnetic antenna is measured via a 5 m
feed line. First of all, a measurement of the
SWR in multi-frequency operating mode
for the frequency range 1 MHz to 50 MHz
produces Figure 66. The marker was acti-
vated and the maximum value of the SWR
was set to 100 using Y-scaling. This is the
only way to read a continuous SWR.

1000000 Hz

Frequency:

25.5MHz
EMarker EIMode [EAHelp

Figure 67: Measurement of a magnetic an-
tenna: Impedance Z range 1 MHz to 50 MHz

Based on the curve, you can still guess that
the current resonance is around 10 MHz.
However, it is also possible that a reso-
nance does not appear at all because it falls
between two measured values. The im-
pedance Z measurement in Figure 67 does
not help either. The impedance of the an-
tenna feed line dominates here.
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10 022 000 Hz
1.05

Frequency:
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Figure 68: Measurement of a magnetic an-
tenna: SWR range 1 MHz to 50 MHz

Only setting the center frequency to
10 MHz and setting a frequency span of
200 kHz provides the desired result as
shown in Figure 68.

At 10.02 MHz, the SWR is determined to
be 1.05. The bandwidth of this magnetic
antenna is only a few kHz. Measurements
on very narrow-band antennas may there-
fore require some patience and experi-
ence.
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B Updating the firmware

If newer firmware is available, it can be
loaded very easily. The FA-VA6 must be
connected to a PC via USB. The firmware
is provided as an executable program
which automatically detects the connected
FA-VAG6 and installs the new firmware af-
ter confirmation.

B Care instructions

The FA-VAG6 does not require any special
maintenance or care. Dirt should be re-
moved with a damp cloth. Cleaning with
microfiber cloths is not recommended, as
these can damage the display plastics in
particular.

When cleaning the housing, bear in mind
that it is not waterproof. Strong solvents
should always be avoided when cleaning.
When not in use, the FA-VA6 should be
stored in the case supplied. Excessive lat-
eral pressure should be avoided as this
could accidentally switch on the FA-VAG6.
If the battery is not used for several
months, a charge of 30% to50 % has
proven to be optimal. Lithium-Ion batter-
ies that are charged too high or too low
can lose capacity. In general, the self-dis-
charge rate of Lithium-Ion batteries is very
low.



VNWA software for the FA-VAb

The VNWA software developed by Tho-
mas Baier, DG8SAQ, is available for con-
necting the FA-VAG6 to the PC. VNWA was
originally created for the 2-port network
analyzer VNWA3. Thomas Baier has
adapted VNWA accordingly to the FA-
VA5 and FA-VAG so that all relevant 1-
port measurements and evaluations can be
carried out. In addition, FA-VA6 data re-
cords can be imported into VNWA for do-
cumentation purposes and other tasks.
VNWA is a very comprehensive piece of
software that should leave nothing to be
desired, even for experienced users. The
program itself is only available in English,
but the detailed VNWA help file is also
available in German at [4]. All 1-port me-
asurements (two-pole measurements) des-
cribed there can also be carried out with
the FA-VA6. The VNWA and FA-VAG6
duet therefore provides a fully-fledged 1-
port measuring station up to 1 GHz.

Not all available VNWA functions can be
described in these installation and opera-
ting instructions. The introduction is the-
refore limited to the connection of the
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FA-VAG to the PC and VNWA, the import
of data records and a simple measurement
example. A more comprehensive introduc-
tion for the predecessor FA-VAS is availa-
ble at [3] and [4]. All aspects described
there can be transferred to the FA-VA6 ac-
cordingly.

The basic interaction between VNWA and
FA-VAG is as follows: Windows provides
a virtual COM port for the FA-VA6 con-
nected via USB. VNWA sends control
commands to the FA-VAG via this virtual
COM port. After the desired measurement,
the FA-VAG6 responds by transmitting me-
asurement data in a structured format. The
measurement data consists of the measu-
red scattering parameter S11 for each fre-
quency point and is made available in
touchstone format. The protocol of the
control commands and the format of the
resulting measurement data are described
in the appendix. In addition, data records
stored on the FA-VAG6 are read out with
corresponding control commands. In both
cases, VNWA thus receives sets of scatte-
ring parameters S11 for each frequency

point, which are stored in the VNWA
internal measured value memory. These
measured scattering parameters S11 are
evaluated by VNWA.. All evaluations that
can be displayed there are mathematically
derived from the measured scattering pa-
rameters S11.

Bl PC connection of the FA-VA6

As soon as the FA-VAG6 is connected to a
USB port on a PC, it is registered as a vir-
tual COM port in the Windows operating
system. A separate driver installation is not
required for current Windows versions.
However, the number of the COM port is
required for further configuration.

The successful registration and the num-
ber of the COM port can be verified via
the Windows Device Manager. The entry
Serial USB device should appear under
COM & LPT ports. In the example in Fig-
ure 69, the FA-VA6 occupies the virtual
COM port COM3.
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> [ Monitors
- B Network adapters
K? Other devices
v @@ Ports (COM & LPT)
@ Serielles USB-Gerit (COM3)
» [M Print queues

™ Printers

Figure 69: Registration as a virtual COM port
under Windows

Note: Double-clicking on the entry opens
a window with the details of the installed
driver. Under the Details tab, the entry De-
vice instance path can be called up under
Property. The value shows a character
string starting with FA_VAG6_. The follow-
ing number represents the serial number
of the device.

M Installation of VNWA

VNWA can be downloaded from [4]. The
corresponding file is called VNWA-in-
staller.exe. This is an executable file that
already contains all the software libraries
required for connecting the FA-VAG6.

After downloading the EXE file, it must be
executed. As is usual with Windows soft-
ware, the following installation is menu-
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driven and largely self-explanatory. All sug-
gested entries can be confirmed with Next.
License keys or certificates are not required
for operation with the FA-VA6. Confirm the
request with Next/Next or Exit.

After installing the VNWA software, it must
be started. A warning message appears

which does not affect the FA-VA6 and can
therefore be confirmed with ok. The same
applies to the following message. VNWA
initially displays its initial screen (Figure
70). The software correctly reports at the
bottom left of the window that no VNWA
hardware has been detected.

1 DGBSAQ - Vector Network Analyzer Software

- o X
File Messure Settings Tools Options Help
0 [ — = 08
o ~
7 - S
o N
/ N\
; \
// )( \‘\ i \
o R
/ AN
{ NN
S \7// ~ N\
o \\ \
/ /% —.
T 7 <X
~. ~ \ b
~
B e
e e
1 = 7
y— 2 /
/i
G —
\ N —
— \ /o 7
Iz 3 e 1 /
\ 5 \
\\ N /\; 4§ "/
~ 7
\\ S - y 0
| _— P
=5 7
~
N A
Stat=1MHz Corler = 05 MHz Stop = 60MHz
‘Span =53 MHz
? v @ Continuous
=] - |[Mem1 =] P 511 Smin Single Sweep.
VNWA

Figure 70: VNWA start screen after installation
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If the existing grid is not clearly visible
(depending on the default window color
of the Windows version), the background
color can be changed via the menu item
Settings AE Diagrams A Display fE Grid
Options and thus adapted to your own
taste.

H Connection of the FA-VA6
to VNWA

Before you can work with VNWA, the FA-
VA6 must be able to communicate with
the PC software. To do this, it must be set
to USB mode by selecting it in the Main
menu.

Once this has been done, select Select In-
struments AE Add to/remove from Select
List /£ DG5SMK Antenna Analyzer in
VNWA. The FA-VAG6 has now been added
to the list of selectable devices. The actual
selection is then made using Options FE
Select Instrument /£ DG5SMK Antenna
Analyzer.

The COM port determined via the Win-
dows device manager must now be “com-
municated” to VNWA. This is done under
Options A Setup. A new window opens
and the COM port must be selected from
the list under Port. The successful connec-
tion to the FA-VAG is acknowledged with
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W7 Instrument related Setup

Device |dentifier = "DG5MK Antenna Analyzer" connected

Default Instrument Name = DGSMK Antenna Analyzer

Defined in dgSmk.dll  Version V2.0

Instrument Name  [DG5MK Antenna Analyzer Default
Rescan

Pot [Eavias =
=l

Baud Rate 115200 Baud (default)

DG5MK Antenna Analyzer FA-VAG

[V Display WARNING when exceeding instrument frequency range of
0.01 MHz ... 1000 MHz

Figure 71: Example FA-VA6 setup in VNWA

a green connected at the top right, a blue
lettering indicates the version of the ana-
lyzer (Figure 71).

This completes the connection of the FA-
VAG to the VNWA software. Incidentally,
this “remembers” all settings after the pro-
gram is closed. For this reason, the FA-
VAG should be put into operation the next
time before starting the program again on
the same USB port.

A second important setting and selection
area in the interaction between FA-VA6
and VNWA can be found under Settings
FE Sweep (Figure 72).

In addition to some basic settings for mul-
ti-frequency measurements with VNWA
as the controlling software, the second tab

B Sweep Settings and Dataset Import X

Dataset Import |

Sweep Control

Number of Datapoints = |200

Sweep Mode fast v
AddtonalDelay= [0 ms

Measurement Time:

Time per datapoint = 40 msecs
Sweeptime = 8 secs

Sweep Progress Display

v Progress Bar On

- Progress Bar Color

[~ Progress TextOn

ptime = 8 secs

Figure 72: Basic settings for multi-frequency
measurement and data import

of this window allows the import of local-
ly saved data sets from the FA-VAG, as de-
scribed below:
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H Import of data records

After clicking on the second tab in Figure
72,a window like the one in Figure 73 ap-
pears, where the 16 available data records
are listed with their time stamp, similar to
the local menu of the FA-VAG6.

Selecting a data record by left-clicking
and then right-clicking opens a context
menu. By left-clicking on the correspond-
ing line in the context menu, the corre-
sponding data is now saved to a file or the
Windows clipboard. The latter can also be

done directly by double-clicking with the
left mouse button. The file path and name
of the file can be freely selected. Its format
corresponds to the common Touchstone
format, which can also be read as a text
file, e.g. with an editor.

LE Sweep Settings and Dataset Import X

Sweep Settings

#0: 21.03.2025 10:20:41
#1: <empty>
#2: <empty>
#3: <empty>
#4: <empty>
#5: <empty>
#6: <empty>
#7: <empty>
#8: <empty>
#9: <empty>
#10: <empty>
. <empty>
#12: <empty>
#13: <empty>
#14: <empty>
#15: <empty>

Double-click item to load to clipboard. Highlight and right-c
Figure 73: Selection window for data import

Dataset succ

=

ly saved to clipb

)i__

Figure 74: Acknowledgement of the data im-
port
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1 DGBSAQ - Vector Network Analyzer Software - DGSMK Antenna Analyzer Mode:
File Measure Setiings Tools Options Help
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Figure 75: Importing measured values from the clipboard into the measured value memory
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In the following example, the data is
copied to the clipboard. After double-
clicking, VNWA reads the data into the
Windows clipboard and acknowledges the
process (Figure 74). The relevant window
can then be closed.

The last step is to transfer the data from
the clipboard to the measured value mem-
ory of VNWA. The measured value mem-
ory relevant for the FA-VA6 should al-
ways be S11, as this corresponds to the
scattering parameter of a 1-port device.
The transfer is carried out by right-click-
ing on a displayed S11 output channel
(Figure 75). In the main window, for ex-
ample, a channel S11 Smith is visible in
red at the bottom left. Right-click directly
on S11 and Import slp FE from Clipboard
to load the data into the S11 measured value
memory.

They are displayed graphically in the main
window of the program immediately after
they have been read in; an info window
appears to confirm that the read-in process
has taken place (Figure 76).

The following quick solution is available
for the familiar SWR display, which has
already been anticipated in Figure 76:
Double-click on the S27 in blue, which is
also visible, select the abbreviation VSWR
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instead of dB in the bottom left of the fol-
lowing window and also select the param-
eter S11 instead of S21. The locally mea-
sured standing wave ratio in the frequency
range of the measurement is now shown

as a blue curve. In the interest of better
readability, one or more so-called frequen-
cy markers can be added. This allows any
points on the curve to be “approached” in
order to be able to read the measurement

-
File Messure Settings Took Options Help
7 ——
™ Touchstone File (s*p) comments. ¥ —
JUAST ST L READ: :
C:\WNWA\dpbre.s1p
comvents: o
! #0: 21.03.2025 10:20:41
———
(right-<ick to disable this info S,
r ’\\
™ Donot show again (can be reactvated in main menu Fies-Impd i
T »“ A
\ \ S
/]
//
7
— [ A ——
Start = 430000000 Hz Center - 434 35 iz Stop = 433300000 Hz §
’ Span =99 MHz
¥ s VswR _Contiuus |
521 | = |[Mem1 =] ¥ 511 Smih Single Sweep

Figure 76: Acknowledgement of the data import into the measured value memory with display

of the comments

BX-246 53



frequency and measurement result pre-
cisely.

To do this, simply right-click within the
grid frame and an empty area. A context
menu opens as shown in Figure 77, click
on Add Frequency Marker AE Normal.
The frequency marker 1 that is then gen-
erated is a small triangle at the top with an
associated number. It can be moved along
the measurement curve by left-clicking
and holding the mouse button. At the top
left of the main window, the correspond-
ing frequency and the corresponding value
of the associated SWR are then displayed
in the same color as the curve, i.e. in blue.
In the example in Figure 77, the frequency
marker is at 435 MHz. An SWR value of
1.12 was measured there.

The procedure described above sounds a
little complicated at first due to its detailed
description. However, once you have prac-
ticed the actually simple data transfer pro-
cess a few times, it should no longer cause
any difficulties.

The measurement diagrams displayed in
VNWA can be saved and printed. To do
this, select the menu item File /& Print in
the main window of VNWA. The graph
can then be saved as an image or printed
out on a printer.
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Bl FA-VA6 as USB measuring
front-end

USB measurement front-end here means

that the VN'WA PC software takes over the

control and evaluation of a measurement.
As described, the FA-VA6 supplies the

measured scattering parameters S11 for
the requested frequencies after a control
command. For example, parameters of a
multi-frequency measurement, such as the
number of measuring points (instead of
the locally fixed 101 points), can be defi-

I DGSSAQ - Vector Network Anslyzer Softwre - DGSMK Antenna Analyzer Mode - 0 X
File Messure Setings Tooks Options Help
/ — |
| =
| ) |
1: 4300MHz | 112 0004008 \
‘Add Frequency Marker > Nomal e s
Clearlast Marker Lomian
Clear sll Markers Wisloin
Absolute Level
Add Tace e I ‘
| Marker Caption > Bandwidth > S o | i
Cursor 7 \
Restime Expression Ewkioktn " \
Trace Options C =
| Grid Options ‘ .
| {
| i
‘ / A—
[ I
— | f
—_— | < |
— | [
= = Ref
Stat = 430000000 Hz Ceonter = 434.95 MHz Stop = 439900000 H{
. Spen = 99 MHz
P st VswA Continuous
EM=] - |[Ven1 =] @ s11 Smn Singe

Figure 77: Adding a frequency marker
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ned as required within predefined limits.
In the following sections, the procedure is
explained using a simple measurement
with values to be determined for SWR and
impedance as an example.

Basically, the process is divided into the
individual steps Determining the measu-
rement parameters, Calibration, Measure-
ment and Display and calculation. Cali-
bration is always required when measure-
ment parameters change. Once the measu-
rement has been carried out and the
scattering parameters S11 have been sto-
red in the internal measured value memory
S11, a large number of possible different
displays and calculations can be selected.
These always refer to the current data in
the measured value memory S11. A new
measurement is not required if the display
and calculation are changed. The measu-
rement on an antenna for the 70 cm band
is shown here as an example.

Step 1: Determining the
measurement parameters

The first step is to define the frequency to
be viewed. In the main window of VNWA
(Figure 77), this can be easily done by
double-clicking on a frequency specifica-
tion at the bottom left, center or right. The
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input window that opens (Input) allows
you to enter the start and stop frequency
of a multi-frequency measurement. Note
the decimal point separating the digits be-
fore and after the decimal point. For the
example, 430 MHz to 440 MHz was se-
lected (Figure 78).

Other parameters are device-specific and
can be set for the FA-VA6 via the familiar
window shown in Figure 72 (Settings /E
Sweep). In addition to the number of mea-
suring points (Number of datapoints), one
of the three FA-VAG6 accuracy levels
(Sweep mode) can be selected: fast, stan-
dard or precise. In addition, a further delay
can be set for each measured value (Addi-
tional delay). This can be useful when
measuring low-frequency filters, which
have a long settling time. VNWA calcu-
lates the resulting time for the multi-
frequency measurement. The window can
be closed here with the default values and
all measurement parameters are now de-
fined.

Step 2: Calibration

Calibration is mandatory after changing
measurement parameters and before a mea-
surement. The values of a local FA-VA6
calibration, e. g. the factory calibration, as

B nput X
Start Stop Unit

[430 [4401 |MHz ]
Center Span

435 [MHz »| |10 [MHz |
Sweep Mode  # X-Divisions

lLinear ZI ITU 0K I

Mouse Wheel Increments for ..
Center, Start, Stop Span

|1 MHz |1 MHz

Figure 78: Input window for start and stop
frequency

well as the parameters of the SOL calibra-
tion elements defined in FA-VAG6 are not
known to VNWA. VNWA must therefore
carry out this calibration itself for the mea-
surement parameters selected in VNWA.
In addition, the parameters of the calibra-
tion elements used must be entered once
in VNWA. The measured values obtained
after a measurement can only be meaning-
fully evaluated after calibration.
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! Calibration Settings

General Settings I Special Settings | Measurement Simulation |

@ SOLT  [ideal calbration standards
SaveSetings |  Load Setiings |\
Last loaded/saved:

Figure 79: Parameters of the calibration ele-
ments used: here ideal standards

As in the local mode of the FA-VAG6, cali-
bration elements with ideal or measured
parameters (frequency-dependent) can be
used. The included kit of calibration ele-
ments is classified as ideal because the pa-
rameters would have to be measured indi-
vidually after assembly. The precision el-
ements [5] available as accessories are in-
dividually measured, which tends to lead
to more accurate measurement results.
The parameters of the calibration elements
used are entered under Setting A Calibra-
tion Kit. The window shown in Figure 79
opens after the General Settings tab has
been selected. Ideal calibration standards
must be selected for the calibration ele-
ment kit. No further parameters need to be
entered.
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For the precision elements, select simple
model custom calibration standards in-
stead of ideal calibration standards. After
selecting the Simple SOLT Model Settings
tab, the window shown in Figure 80 ap-
pears. The values from the instruction
leaflet for the precision elements can be
entered manually here. Other values should
not be changed.

The instruction leaflet also contains a link
to the corresponding parameter file, which

can alternatively be loaded via VNWA.
After saving the file, the parameters of the
calibration elements are imported via
Load Settings after selecting the file and
Open, see Figure 79. The parameters only
need to be entered once; VN'WA saves the
values until they are overwritten by new
values. Normally, this is not necessary for
all subsequent measurements and evalua-
tions, as only one set of calibration ele-
ments is normally used.

! Calibration Settings

0SL Calibration Standard Setup

OPEN: neg. Delay = [[I:— ps
SHORT: neg. Delay = [E— ps
LOAD : neg. Delay = [U— ps

LOAD: R =|50 Ohms

General Settings  Simple SOLT Model Settings ' Special Setlings' SOLT Simulation Setlingsl Measurement Simulation l

=> one way mechanical length =0 m
=> one way mechanical length =0m
=> one way mechanical length =0 m

cl -IU fF

Note: The Delays above are corection values, i.e. the NEGATIVE of the delays of the standards!

X

L- = ID nH

~THRU Calibration Standard Setup

THRU: Transmission Factor = |1
THRU: Transmission Delay = IU ps

=> attenuation =

=> mechanical length =0m

0.0000 dB

Figure 80: Parameters of the calibration elements used: here precision standards
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B Full Calibration
Exit Calibration

Master Calibration Cal Kit

Correction Schemes |

BNC_male_B006_23
Reflect Calibration

Short I .
Open I .
Load |

Ca I f

Figure 81: Calibration window of the VNWA
software

The actual calibration for the defined mea-
surement parameters, suitable for the sub-
sequent measurement, is carried out via
the menu item Measure FE Calibrate. The
window that opens according to Figure 81
shows the status of the current calibration
in the form of red circles, in this case it is
uncalibrated. Left-click on the Short but-
ton to open another window, which now
prompts you to connect the Short calibra-
tion element to the FA-VAG6. Once it has
been connected and confirmed, a measure-
ment cycle starts and the circle turns green
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with a red M in the middle. Calibration for
Open and Load must be carried out in the
same way and the window can then be
closed. A Cal for calibrated should now
appear at the bottom left of the main VN-
WA window.

The advantage of this calibration proce-
dure is that the hardware and measurement
parameters have now been calibrated ex-
actly to the current measurement configu-
ration. An extension cable used, for exam-
ple, is simply “calibrated in”” when the cal-
ibration is performed at the end of the ca-
ble.

Step 3: Carrying out

the measurement

The measurement itself is very simple on-
ce the measurement object has been con-
nected. In the main window, click on Sin-
gle Sweep (bottom right) to start a single
multi-frequency measurement. As a re-
sult, the measured values are stored in me-
mory S11. With the display settings from
the example of the data read in by the FA-
VA6, a view as shown in Figure 82 re-
sults.

If, for example, you want to permanently
monitor the result of an adjustment pro-
cess on the measurement object, press the

Continuous button to start constantly re-
peating measurement runs, which can only
be ended by pressing the Stop button.
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Step 4: Selecting the display
and calculation

One of the strengths of VNWA is the ex-
tensive options for displaying and evalu-
ating measurement results. A total of up to
six different output channels and their cal-
culation rules can be selected.

After double-clicking on the colored S11
of an existing channel in the main window
of VNWA at the bottom left, a new win-
dow opens as shown in Figure 83. Among
other things, you can define in detail here
which channel (trace) is to be displayed
with which meaning. In the example, the
simple settings shown in Figure 83 apply.
Only the values calculated from S11 for
the standing wave ratio (VSWR) should
be displayed here in blue. The reflection
coefficient is shown as a red curve in the
Smith chart.

Again, please refer to the help document
[4] for the extensive additional options.
The last step is to format the selected out-
put channels appropriately. In the main
window (Figure 83), you will find a color-
coded indication of the scaling at the top
left, which shows the change in the dis-
played values per grid unit. On the right-
hand side, again color-coded, is the indica-
tion of the reference level or value. Both
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Figure 82: Result of a measurement run after calibration

can be set by double-clicking on one of the
values in a window that then opens. The ref-
erence level can also be moved by clicking
and holding. In the example shown in Fig-
ure 83, the bottom line in the diagram cor-
responds to the value SWR = 1, the line

above it means SWR = 2, the other lines
follow this pattern.

The high flexibility of scaling and posi-
tioning serves to improve readability. As
long as the scaling and reference level are
known, it does not matter where the curves
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Figure 83: Selection of output channels and calculation rule

are positioned in the grid, they can be
moved.

A practical function and a good starting
point is auto-scaling (Autoscale), which
can be accessed by left-clicking on the
scaling values. The subsequent setting to
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smooth values makes it easier to read. Last
but not least, frequency markers help to
better examine individual values along the
curves. Various marker functions can be
called up by right-clicking in an empty
area within the grid frame. In the example,

a marker was created by right-clicking on
Add £ Frequency Marker /E Normal.
Double-click on the triangle of the marker
to open a window as shown in Figure 84.
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Figure 84: Detailed information on the measured value at the marker position

First, by entering the frequency value in
the window, the marker can be set exactly
at a desired frequency point, in the exam-
ple at 425 MHz. In addition, calculated de-
tailed values for the measured value are
displayed at the position of the marker. For
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example, an impedance Z with a real part
of 55.121 Q and an imaginary part of
5.1815 Qs displayed. The impedance va-
lue of 55.364 Qs close to the desired sys-
tem impedance of 50 €2, which results in a
good SWR of 1.15. The positive imagina-

ry part indicates an antenna with a slightly
inductive character, it is too long. By fine-
tuning the mechanical elements, you could
now try to bring the imaginary part as clo-
se as possible to zero.
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Appendix

Table 3: Parts list

Component Quantity Remark

Holder for 18650 battery 1

Keyboard 4x4 1 pre-assembled

Screws T6 M2x6 4 pre-assembled on keyboard

Nuts M2 4 pre-assembled on keyboard

TFT display 1 pre-assembled

Adhesive strip 45 mm x 60 mm 1 pre-assembled on display

Housing, printed 1 consists of upper and lower shell
Rubber feet 4

Insulation pads 2 pre-assembled in upper housing shell
Cylinder screws T10 M3x6 4 for mounting circuit board in housing
Nut and washer for BNC socket 1

Countersunk head screws T10 M3x6 4 for screwing on the housing shells
T10 bit insert 1

USB cable (USB-C to USB-2.0) 1

Case with foam inserts 1

Construction and operating instructions 1

Type plate 1 to be glued to the underside

BNC connector 3 for SOL self-assembly kit

49.9 Q Resistor 1 for SOL self-assembly kit

Silver wire, approx. 5 cm 1 for SOL self-assembly kit
Accumulator® 1 Panasonic NCR18650BD
Measurement report 1 single page
* Due to transport restrictions imposed by our logistics service provider regarding hazardous goods,

delivery with lithium-ion-battery is only possible within Germany. For users outside Germany, the
FA-VAG6 without battery is available under order number BX-246-A.
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Table 4: Parameter explanations

Abbreviation Parameters Explanation

SWR Standing wave ratio Ratio of maximum to minimum of an envelope curve, which results from the superposition of incident
and reflected wave. SWR = | means no reflected wave (maximum = minimum) and therefore optimum
matching of a load to a source (usually 50 €2).

70 Reference impedance Actual impedance of the source (usually 50 €2) or value for the conversion of displayed values to a
new, fictitious reference impedance (what-if consideration)
Z Measured impedance Impedance of the test object as a complex value after the real and imaginary parts.
The real part is the resistance, the imaginary part is the reactance.
Abs(Z), 1ZI Absolute value (amount) of Z Amount of the measured impedance Z. Also referred to as impedance.
Phase(Z), Arg(Z) Phase from Z Indicates the phase shift of voltage and current caused by connecting the impedance Z.
Is specified in degrees or in radians.
S11 Scattering parameter Ratio of a reflected to an incident wave as a complex value according to real part and imaginary part.
(reflection factor) S11 is a measure for the adaptation of a load to the source. With optimum matching, S11 is zero.
Abs(S11),IS111 Absolute value Amount of the measured scattering parameter S11. Only considers the magnitude ratio
(amount) of S11 of a reflected to an incident wave, without evaluating the phase.
Phase(S11), Arg(S11) Phase of S11 Specifies the phase shift of the reflected wave to the incident wave. Is usually specified in radians.
R,Rs,Rp Resistance R Designates the value of the resistance R for a series or parallel equivalent circuit model for a measured
impedance Z.
C,Cp,Cs Capacitance C, Designates the value of the capacitance or inductance for a series or parallel equivalent
L,Lp,Ls Inductance L circuit model for a measured impedance Z.
Q Quality Describes the quality of a measured impedance Z as the ratio of the imaginary part to the real part
of the impedance Z.
RL Return loss The return loss is a specification in decibels that indicates the attenuation of the reflected wave.

If the load is well matched to the source, only a small part of the wave is reflected and the attenuation
of the reflected signal is correspondingly high. The higher the value, the better the matching.

ML Mismatch loss The mismatch loss is an indication of the power lost in the system due to a mismatch. With optimum
matching, no power is lost and the mismatch loss is 0 dB. The worse the matching, the higher the value.
IR Impulse response The impulse response is the reaction of a system to a very short but strong voltage impulse. The impulse

response of a cable can be used to draw conclusions about the significance and location of interference
points based on the strength and time of reflections.
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Table 4: Parameter explanations continued

Abbreviation Parameters Explanation

SR Step response The step response is the reaction of a system to a very steep voltage step. By superposing a DC compo-

nent in a cable, conclusions can be drawn about the impedance according to time and location.
Virtual displacement of the reference plane in seconds (usually nanoseconds) or via the velocity factor
of a cable in meters.

Describes the propagation speed of a wave in a cable in relation to the speed of light in a vacuum.

PE Port extension

VF Velocity factor
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Figure 85: Menu structure of the FA-VA6
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Bl USB protocol

The FA-VAG6 can be controlled via a sim-
ple serial protocol, which also enables in-
tegration into your own projects. The USB
connection is registered on a PC with Win-
dows as a virtual serial interface (virtual

COM port). Equivalent to a real, hard-
ware-based serial interface, both com-
mands and measurement data can be ex-
changed by transmitting ASCII characters.
This means that the FA-VA6 can also be
operated with simple terminal software or

other third-party programs. The interface
is designed for communication with the
settings 8 data bits, no parity bit, one stop
bit (8, N, 1). The baud rate is 115200 baud.
Lines must be terminated with line feed
(LF).

Table 5: USB protocol
IVIDF Identification of the FA-VA6 Parameters: none; the return consists of a line of characters that identifies the device
IVRAG Available frequency range Parameters: none
of the FA-VA6 The return consists of two integers that indicate the frequency limits of the supported measuring range
IVSCN  Starts a single or Parameter: start_frequency, stop_frequency, number_of_samples precision[0,1,2], wait_time,
multi-frequency measurement  start_frequency and stop_frequency must be specified as integers.
number_of _samples must be specified as an integer.
Precision describes the available accuracy of the internal processing with 0 = Fast, 1 = Balanced, 2 = Precise.
wait_time describes an additional delay before each measured value in milliseconds and must be specified as an
integer.
The FA-VAG returns data in the form of a touchstone format. The first line describes the data format:
“#Hz S RIR 50“.
The line indicates that the following values of the frequency in Hz and the complex scattering parameter S are
output as real part and imaginary part, related to a system impedance of 50 Q. This is followed by a number of
lines as requested with number_of _samples. The first value per line is the frequency, followed by the real part and
imaginary part of the uncalibrated S11 value of the measurement. Processing of the uncalibrated values and
calculation of the standing wave ratio and other values, including any necessary calibration, must be carried out
by the calling software
IVSTP  Stops a measurement sequence Parameters: none; the return consists of the characters “OK*
IVLDS  Lists the saved measured Parameters: none; the return consists of one line per measured value set,
value records which contains the time stamp of the respective measured value set or “<empty>" if nothing is saved
IVRD6  Reads the saved data record Parameters: dataset_index[0...15]; the return is analog “IVSCN” in a touchstone format
dataset_index and consists of the 101 stored and calibrated S11 values of the system impedance 50 Q.
IVRDS  Reads the first 100 measured Parameters: dataset_index[0...15]
values from the saved data set  The return is analogous to “IVSCN” in a touchstone format and consists of the first 100 stored and calibrated S11
dataset_index values of the system impedance 50 Q. As the FA-VA6 works internally with 101 values, but the predecessor
model with 100 values, the 101st measured value is discarded and not transmitted for reasons of compatibility.
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The control commands to the FA-VA6
consist of a five-character command with
options, separated by spaces and terminat-
ed with LF.

H Measurement protocol

The kit comes with an individual measure-
ment protocol for the circuit board of the
respective kit in the form of a single sheet.
This shows the scattering parameter S11
in dB and consecutive phase.

As a rule, these values can only be repro-
duced after careful actual calibration with
the Ideal model. Ideally, there should be
an additional delay of around 100 ms be-
tween the multi-frequency values. The
load calibration element should not be re-
moved from the socket after calibration.
Even removing and reconnecting it can
lead to changing transition resistances,
which have a relevant influence on the
measured values.
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Bl SOL calibration element kit

The kit contains all the parts required to
build a simple set of BNC-SOL calibration
elements. The elements created can easily
be used for calibration purposes up to a
frequency of 100 MHz, but also beyond
that. Patience and a little dexterity are re-
quired in some places for the assembly.

The calibration elements consist of a short
(short circuit), open (open) and load element
(defined terminating resistor). These ele-

Figure 86: Short and open element compo-
nents

ments are each produced using a BNC crimp
connector. A 49.9 Q resistor is used for the
defined terminating resistor instead of a
50 Q resistor. The resulting deviations are
insignificant for practical purposes.

The BNC connectors each consist of the
actual BNC housing, a gold-plated center
contact and a crimp sleeve. The use of the
crimp sleeve is optional.

Open element

Figure 86 shows the components used for
the short and open element, whereby only
the center contact is used for the open ele-
ment.

Using the enclosed piece of silver wire, in-
sert the center contact into the BNC hous-
ing from behind and push it forward with
flat-nose pliers until you feel it click into
place. The piece of silver wire is pulled off
again and used later for the short element.
Figure 87 shows the prepared process. Al-
ternatively, the center contact can be in-
serted with the piece of silver wire and
then snapped into place with light pressure
using a small screwdriver.

Short element

The components shown in Figure 86 are
used for the short element, while the crimp
sleeve is again optional. First solder the
silver wire to the center contact. No solder
must get onto the outer area of the contact.

Figure 87: Preparing the open element
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Figure 88: Preparation of short element

This can be done very easily using pliers
that hold the center contact and silver wire
in a vertical position. The solder then flows
into the center contact during the soldering
process. Figure 88 shows the desired result
in preparation for the next step.

The center contact, with the soldered sil-
ver wire, must in turn be inserted into the
BNC housing. The notes on the open ele-
ment apply for snapping in. The silver
wire must now be folded over on the out-
side of the BNC housing and shortened to
a few millimeters using the side cutter.
Figure 89 shows the desired result.

Figure 89:

BNC connector
with folded and
shortened wire

Figure 90:
BNC connector with
soldered wire
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Figure 91: Preparation of load element

The last step is to solder the folded and
shortened wire to the outside of the BNC
housing. A good contact requires plenty of
heat and solder. The BNC housing can be
locked in a pair of pliers for the soldering
process. Figure 90 shows the correspond-
ing point after the soldering process.

Load element

The load element is created in the same
way as the short element. Only the 49.9 Q
resistor is used instead of the silver wire.
The connecting wires must be shortened
accordingly. However, the resistor should
not rest directly on the center contact. Fig-
ure 91 shows the preparation of the load
element.

Special care is required when engaging the
center contact. The connecting wires of the
resistor are very thin and can bend quickly.
If necessary, only very careful support can
be provided with a screwdriver.

Figure 92 shows the completed set of cal-
ibration elements. If you have the appro-

priate crimping pliers, you can attach the
three crimp sleeves to provide better pro-
tection for the calibration elements. Figure
93 shows the set with crimp sleeves at-
tached.

Figure 93: Completed calibration elements
with crimp sleeves
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Function test

The FA-VAG itself can be used for the
function test of the calibration elements.
For this purpose, the three elements are
connected one after the other at a low mea-
surement frequency of e.g. 1 MHz in sin-
gle frequency operating mode. In the
impedance Z measurement, the FA-VA6
should display a value close to zero for
Short, a very high value for Open and a
value of approx. 50 € for Load.

For the load, the return loss can also be
used to assess the usability at higher fre-
quencies. To do this, the FA-VAG6 is set to
the maximum frequency range of 10 kHz
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to 1 GHz in multi-frequency operating
mode with measurement S// in dB. A cy-
cle is started when the load is connected.
The return loss corresponds to the amount
after S11 in dB. At low frequencies, the at-
tenuation should be better than 50 dB and
decreases rapidly to 20 dB to 10 dB at
higher frequencies. The values displayed
are heavily dependent on the calibration
performed before. If the existing factory
calibration is used, solid reference values
are obtained. However, if an actual cali-
bration is carried out directly beforehand
using a high-quality set with known and
entered parameters, very accurate values
can be determined for the self-made load.

B Version history
23.6.2025, Version 1.0

© Box 73 Amateurfunkservice GmbH 2025



© Box 73 Amateurfunkservice GmbH 2025 BX-246 « 69



Index

0-9

24-DIt o 5
32Dt e 5
5-band SWR ..., 36
A

activated marker ........ccococvvvvevienenens 12,30
add frequency marker ............cccceee 54
additional delay ..........ccecueeueenne 55,65, 66
adjusting the antenna.........c..ccceeeeeene. 12
advanced settings menu............ 20,40,41
amplitude .......oovvevieeiienieeieens 13, 14, 35
applications.........ccccceuee.... 1,5, 16, 19, 36,
39,41,43,44

auto power off ... 20
AULO-SCAlING ..vvevvieiieeiieeieecece e 59
B

battery ......coceevieeneenieenne 1,4,6,8,9, 10,
15,19, 20,48, 61

brightness .......cccccevveeviienneene 5,6,19,20
DUZZET v 22,25

70 - BX-246

C

cable impedance ........cc..cccceveenenne. 38,45
cable length .........c..c...... 5,37,38,44,45
cable 10SS ..vvvvviiiieiiiiiiiiiiieieee, 19, 38,45
cable veloCity......cceveerueenueennnen. 37,44, 45
CAL ..o 21,26,31,36
calibration.................. 1,7, 14,20, 21, 24,
26, 30, 31, 34, 36, 37, 39, 40, 41, 45, 46,
55,56,57,58,65, 66, 68

calibration elements ...... 7,14, 20, 24, 30,
36,39,40,41,44,45,55,56, 66,67, 68
CAPACIEOT ..o 23,46
carrying out the measurement .............. 57
center frequency ............... 17,26,29,48
changing the text color .........ccceeenee. 18
charging electronics..........coccevevercnnenne. 15
charging symbol ........c.cccocovvinininne. 19
ClocK ool 6,19,20,39
COMliniiiiiiiiceee e, 23,45,46,47
confirmation prompt ........c.cceceevereernenne 42
connection of the FA-VA6 to VNWA..51
context-related functions....................... 16

continuous button ............ccccceeeeveeennnen. 57
continuous measurement ........ 12,17, 21,
26,31

continuous settings concept.................. 16
current calibration ...... 16, 24, 30, 34, 36,
41,46,57

D

AAE e 19, 39
date format............cccoveieiiiieeieee 19
DC impedance .........ccoceevveereeenieeneennne 34

detailed information ....15, 17, 24, 26, 29,
32, 34,60

device info ......oooeeieiiiiiiiiee 20
digit MOde ......oovveviieiiiiee e 18
dynamic range ........cocceeveeveereenereenennen 5
E

enter Key ...cooovvvevinieniiiee 11, 16,17
equivalent circuit model ......5, 21, 22, 23,
25,30,46, 62

EITOr NEtWOIK ..oooeviiiiiiiiiiiiiiiiiis 14,39

© Box 73 Amateurfunkservice GmbH 2025



F

FA-VAG6 as USB measuring front-end..54
factory calibration ........ 7,10, 14, 20, 39,
40,41, 55,68

fault measurement ..........cccoueeeen.e. 31,43
FDE model ......ccoooouviiiiiiiiieenen 40, 41
flashing ......cccoooveviniiniiiieeee, 18
frequency band ............ 12, 18,20, 26, 30
frequency generator-.................. 17,19,39
frequency marker...................... 53,54,59
frequency range ............ 5,11,12, 26, 31,
39,47,53, 65, 68

frequency span ...... 11,17, 19, 26, 27, 29,
30,42,48

Frequency stability ........ccccocevereenennen. 5
G

GAME cevvieiieeieeeiteetee st 20
grid frame ......cccocvvieeneninienienee. 54,59
H

help function....11, 16, 17, 24, 29, 34, 36,
38,39,42

© Box 73 Amateurfunkservice GmbH 2025

TARU region .....cccceceeveereeenne. 11, 20, 30
imaginary part ........ 5,14,22,27,46, 60,
62, 65

impedance model...................... 25,30, 46
impulse response .......... 5,19, 31,32, 33,
43,44,62

Impulse response in dB ........ 5,19,32,33
inductance .......... 5,21,22,23,46,47,62
inductive reactances ..............ccoeen.... 28
information bar............ 11, 16, 21, 22, 23,
27,28,32,33,42

Initial SCreen ........cccevveeeeeecivveeeeeeennenen. 50
INPUt MOAE ....veviniiieiiiiniieieeeeseceeee 18
instruction leaflet...........coeeeeennnnnnnn 41,56
Interaction model..........c....ccovveeenninnen. 16

introduction to the measuring principle 22

J
Jump back .ovieiiiiieeee 18
K
key assignment ..........cceceeviennenne 16,17

L
[anguage......c.ccevevvevvenenieieieneannd 6,11,19
language change .......c..cccveevvencencnnen. 11
LCR oo 21,47
LCR meter.................... 19,22,23,25,46
load element ...........ccoeevvvennnnns 41, 66, 67
M
magnetic antenNa............cecverveeneenes 47,48
main MenU ......cceeeeeveevevnnnnnns 10,11, 19,51
marker.......... 5,12,17,26,27,28,29, 30,
32,33,34,43,46,47,53,54,59, 60
marker function ...........cccoeeevveenenn. 12,59
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measurement eXamples .........cooceeeeeeenne 43
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55,57, 65, 66, 68
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44,63
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StOP BULLON ... 57
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switching on .......ccccceevveevieenen. 11,19,48
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table of contents ..........cccceeevieeeiieennnenn. 2
TDR ... 5,17,19,43,44
terminal program ..........cocceevvveieeneenne. 39
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total reflection ........c.ccceceveeeiiieecninenen. 33
Touchstone format.................... 49,52, 65
ETACE ©eeeerieeeerieeeie e et e et e e e v e e 58
transformation properties .................... 26
trickle current ..........ccccceveeeiieeniieenen. 15
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