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1 Introduction to the TBVNA-6000 Vector Network Analyzer

1.1 Safety

/'\ Before using the instrument, carefully read the safety
. chapters in the TBBVNA-6000 Operation Manual!

Warning: Manual mains voltage selection is required
Ensure that the mains voltage selector switch is set
correctly to avoid damaging the instrument.

1.2 Main Features

The TBVNA-6000 was designed primarily as a vector network analyzer for measurements across a wide
bandwidth, including very low frequencies.

Given the flexibility of contemporary RF architecture based on high speed analog to digital converters and
digital signal processing it was obvious to add some features such as a simple spectrum analyzer, CW Signal
generator and oscilloscope. Two additional high impedance inputs add a simple Bode analyzer to the TBVNA-
6000.

System Requirements
The TBVNA-6000 system software requires a Microsoft Windows(R) 7 (SP1) 64 Bit, Windows 10 (R), Windows 11

(R) compatible computer with an USB 2.0 high speed interface, about 200 MB free disk space, an Intel Core I5 (R)
processor with 3 GHz clock speed (or equivalent) and 4 GB of system memory as minimum recommendation.
However, a multi-core processor like Intel i-12000 (R) or better is recommended. The CPU must support AVX2
CPU extension technology. Please note that the software uses heavy multithreading for STFFT and parallel
computation. A high- resolution screen of better or equal than 1280x1024 pixels is required, 4k resolution is
recommended for more detailed data display.

1.3 Packaging List

When opening the TBVNA-6000 box please check if following items are included in the package:

. TBVNA-6000 EMI-analyzer

° USB cable with type A and type B connector

. IEC power cord

. USB Stick containing the TBVNA-6000 software and documentation

. Quick Start Guide




1.4 Unpacking and Preparations for First Use.

Figure 1-1 TBVNA-6000 side view

Carefully unpack the shipping box an remove the packaging material. Carefully check your TBYNA-6000 for any
shipping damage.

Check if the receiver’s AC mains supply voltage matches the power grid voltage in your country. To do so, turn
the analyzer around and have a look at the rear panel.

IEC-AC power connector

Power Supply
voltage selector

Figure 1-2 TBVNA-6000 rear view

Check the currently selected AC mains supply voltage on the power supply voltage selector.

Figure 1-3 TBVNA-6000 mains supply voltage selector

If the displayed voltage DOES NOT match your countries power grid voltage, please move the voltage selector
switch in the opposite direction using a fitting tool, e.g. screw-driver.
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Possible settings are: 115 VAC and 230 VAC.
For voltages in the range 100 VAC to 120 VAC use the 115 VAC setting.

For voltages in the range 200 VAC to 240 VAC use the 230 VAC setting.

Warning: Mains voltage selector

' Operating the TBVNA-6000 Analyzer set to the wrong mains supply voltage
L] may damage the equipment.

You may connect the Ground Strap of the receiver to your reference ground plane. This will ensure minimum
noise and interference pick-up. Please note that all metal parts of the analyzer are connected to ground
internally as well as to the ground wire of the IEC cable.

Proper grounding may be necessary to achieve accurate measurements

¥

Figure 1-4 IEC cable connector supplied USB cable

Use your supplied IEC-power-chord and plug it into the TBMR power inlet on the back of the device. Plug the
power cable then into a suitable power plug. Now connect the TBMR-USB port to your PC using the supplied
USB cable.

Figure 1-5 TBVNA-6000 front view




1.5 Software Installation

Plug the supplied USB Stick into the USB port of the PC which you want to connect to the receiver and open the
software folder. Start the "Setup_TBVNA-6000_Vxxx.exe" file as administrator. The Installer will guide you
through the rest of the Installation.

=a
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Welcome to TBVNA-6000 VNA Setup
6 GHz Multifunctional Analyzer Software

Install

Options

Figure 1-6 TBVNA-6000 SW installer window

The Installer will install both the receiver software as well as the device driver. There will be three TBVNA-6000
icons on the desktop. For normal computer monitors use the “TBVNA6000” icon to launch the software. If you
prefer a dark theme, use the “TBVNA6000_dark” icon. If you use a high resolution monitor, launch the software
with the “TBVNA6000_fontscaling” icon.

1.6 First Power - On

After the software has been successfully installed and the PC is linked to the receiver, the device can be
powered on. A green status LED at the VNA front panel will indicate USB connection.
In the device manager a new device folder "TekBox" should appear:
> = Tastaturen
v ' TekBox
¥ TBVNA-6000
i USB-Connector-Manager
§ USB-Controller
¥ USB-Gerite

Figure 1-7 Windows Device Manager indicating that the receiver is successfully connected

If the analyzer does not connect successfully to your PC, please verify the USB connection. Turn off the
analyzer and turn it back on after 2 seconds to check the status in the device manager.

If everything is correctly installed, you can now invoke the main application by double-clicking the Desktop icon
or selecting the application from the program list.




1.7 Application Overview

After launching the TBVNA-6000 software, a primary window appears:

] TBVNA-6000 Network Analyzer - x
File System Measurement
Stimulus Recewver Measurement De-Embed Memory
Start Frequency [Hz] Stop Frequency [Hz] Points
10M 100M 201
Port Power [dBm] Sweep Mode
-15 max. -5 dBm O nexr O Logaritme O TOR
Measurement
Sing cont stoy Diagram Calibration
L3 g soko () calibration Vaid
WO e
Progress
0%
Uity
B spectrum aniysis [E@joscioscope | sw Revs 1.0
Signal Generator u RF Meters Demod
Action
Connected Select Setup. Quit
e = § Save Setup (0)

Figure 1-8 TBVNA-6000 software, primary window

By default, the device starts in vector network analyzer mode, with the other features accessible via buttons at
the bottom of the main window.

In order to switch into Bode Analyzer mode, press the Measurement tab and select the instrument mode.

[ T8VNA-6000 Network Analyzer = x
File System Measurement
Strakis | Receiver Messurement  DeEmbed  Memory
Instrument mode
Run DC Calibration
© 50 Ohms NwA Show Limits Window
_) Bode Analyzer w
Average
(] Enable 1 2| Factor 0 Clear
Measurement
snge cont  stop jagram  Calbration
e = () calibraton vaid
Weo

Figure 1-9 TBVNA-6000 Measurement Tab

1.8 VNA workflow

e Set the Start- and Stop-Frequency, Port Power, Sweep Mode and the number of measurement points.
e  Click the calibration-wheel and carry out the desired calibration.

e Finalize the calibration by clicking the “calculate calibration coefficient” button and save the result.

e  Click the diagram button, select the type of diagram and assign a measurement to the diagram.

o  Close the diagram window and start a measurement using the “Play” buttons.

e After the measurement, in the file menu, save the setup. You then can recall it any time later.

Additional settings, such as resolution bandwidth, averaging, de-embedding can be modified any time without
the need for re-calibration.

The diagram window offers many features such as for example markers, labels, trace properties, saving and
loading traces, exporting measurement data and many more. For more detailed information, refer to the
operation manual.




2 Measurement examples

The subsequent chapters assist getting familiar with the user interface of the TBVNA-6000.

It starts with simple measurement examples and then goes deeper into details of the TBVNA PC application.
The chapters build on each other, so if you miss any fundamental information, you should be able to discover it
in a previous chapter.

Below is a basic outline of the contents:

Chapter 2.1, frequency response measurement

Basic setup, simple through calibration, diagram setup, S21 measurement, scaling

Chapter 2.2, formatting traces and diagrams

Adding traces, saving and loading traces, adding legends, labels and markers

Chapter 2.3, data output

Full 2-port calibration, Limit lines, frequency lists, data output

Chapter 2.4, impedance and frequency response measurement

Full 2-port calibration, Smith chart, multiple diagrams, S11, S21, Zin,

Chapter 2.5, impedance measurement, shunt method, equations, bandwidth

Full 2-port calibration, equation




2.1 Filter measurement, frequency response

Measurement task: frequency response of a 100 MHz low pass filter in the frequency range 1 kHz — 1 GHz

Set start- and stop-frequency, set the port power to -5 dBm and logarithmic sweep. Note that the maximum
port power of -5 dBm is limited to the frequency range below 4 GHz. For measurements spanning above 4 GHz,
the maximum port power is limited to -10 dBm

] TBVNA-6000 Network Analyzer = X

File System Measurement

Stimulus Receiver Measurement  De-Embed Memory

Start Frequency [Hz] Stop Frequency [Hz] Points

1k 1000M 201
Port Power [dBm] Sweep Mode

-5 max, -5dBm O lnear © Logarithmic O TR

Figure 2-1 Basic configuration

Connect Port 1 to Port 2 via two suitable coaxial cables and a “Through”-adapter.

TBVNA-6000
PORT 1 OUT  PORTA PORTB  PORT2

Quss O’ O O

THROUGH

Figure 2-2 Setup for Through-calibration
Start the calibration routine, by clicking the calibration wheel.

I TBVNA-6000 Network Analyzer - X

File System Measurement

Stimulus  Receiver Measurement  De-Embed ~ Memory

Start Frequency [Hz] Stop Frequency [Hz] Points

1k 1000M 201

Port Power [dBm] Sweep Mode

=5 max. -5dBm O tnear © Logarithmic O ToR

Measurement

single cont stop Diagram | Calibration

0o

[ calibration valid

Cal Clear /Edit

Figure 2-3 Main window, Calibration button

In the calibration window, select “Simple Through Calibration” and press “Next Tab”.




[ calibration = X

Select Cal Type Standards Parameters Measurement Calculate

Select Calibration Type
O Full 2-Port Calibration O single 1-Port Calibration
O Forward Calibration (1=>2) 0o Simple Through Calibration

lecting the type of

The First step for a valid VNA calibration is the selection of the right calibration type and
accuracy.

* Full 2-Port Calibration

This is the most accurate kind of calibration, and will enable the measurement of all four
S-Parameters S11, 512, 521, 522 in magnitude and phase, For this type of calibration it
is necessary to use the SHORT, OPEN and LOAD Standards on both ports and also a
through measurement using the THROUGH standard. Further it is optionally possible to
extend the 10 term correction to a 12 term correction by measuring the ISOLATION
properties, This is performed while terminating BOTH ports vith a LOAD standard.

* Single 1-Port Calibration

This kind of calibration wil only allow accurate impadance/reflection on
Port 1 and so the S11 parameter, It will need the SHORT, OPEN and LOAD to do so.
The time is 112 to the Full 2-Port t X

Back Next Tab

9 V)

Figure 2-4 Calibration window, Calibration-Type tab

It is necessary to select a calibration kit. If you don’t use any specific calibration kit, use any of the
preconfigured kits for the moment. You can also use this tab to enter the coefficients of any commercial
calibration kit and save it for future use.

Press “Load Standards”, select a calibration kit and press “Next Tab”

5 calibration = X

Select Cal Type Standards Parameters Measurement Calculate

Define dard Load dard: Loaded Standard

S { TBVC-NF6-FEMALE-FEMALE

@ standards Valid

Before t is possible to perform a VNA calibration, # is necessary for the system to "know”
the used calibration standards. In the "Define Standards” dialog  is possible to describe the
different standards as:

* SHORT: A short circut.

* OPEN: An open circutt.

* MATCH: A perfect load, a.2. 50 Ohms over a wide frequency range.
* THROUGH: Basically a piece of well defined transmission fine,

Ususally these kind of standards are sther defined by certain mathematical paramsters or
loaded as S-Parameter file, Both ways are possible.

However: It is not possible to calculate the calibrati fhici without previously
defining the calibration standards,

Previous Tab Next Tab

&) V)

Figure 2-5 Calibration window, Calibration-Standard tab

In the Parameters tab you can set the resolution bandwidth and averaging for the calibration sweep. Keep the
pre-configured parameter values and press the “Next Tab” button.

When starting the calibration at very low frequencies, it may be an advantage to reduce the resolution
bandwidth. However, this will increase the sweep time of the calibration measurement.




I calibration = X

Select Cal Type Standards Parameters Measurement Calculate

Cal Bandwidth Average Spur Reduction
13517.7 Bandwidth[Hz] () spur Reduction
= r Calibration
[T Average Enable == Isgﬁaﬁms
1 2| Average Number Measure Spurs
Factar [ Spur Calibration Valid

Accuracy Enhancement

To further increase the accuracy of the calibration standards it is possbile to include
foboving massures:

* Bandwidth
The smaller the bandwidth the higher the dynamic range of the measurement. However
small bandwidths come with a long measurement time, Since the Analyzer is capable to

measure below 1 Hz, with aresclution of 0.25 Hz, The measurement time may become
several minutes.

* Averaging

T, lim ! il £t 'y ks

Previous Tab Next Tab

Figure 2-6 Calibration window, Parameters tab

Next, hit the "Measure Through" button and wait until the measurement is indicated as "valid". Ignore the
“Measure Isolation” button and press “Next Tab”.

This is the easiest calibration. It is quick and easy, and it is generally accurate at lower frequencies. If you see an
amplitude ripple in later measurement results, it may be caused by performance degradation of cables and
connectors at higher frequencies. In this case, a full two-port calibration is recommended.

B calibration = X

Select Cal Type Standards Parameters Measurement Calaulate

Calibration
valid wahd
O Measure SHORT Port 2 O
O O
O Measure LOAD Port 2 O

Optional

——
(| weaswetROuH |» 8 Measure ISOLATION O
S —

) 3.5mm to SMA Compensation

Calibration Measurements

To perform the correct calibration messurement connect a standard to the
corresponding port and press the “Measure oo button. Measurements not necessary
for the current calibration type will be dissbled.

* Measure SHORT Port 1:
Connect the SHORT standard to Port 1 and press the "Measure SHORT Port 1:"
button, Wait until the *valid” checkbox becomes checked,

* Measure OPEN Port 1:
Connect the OPEN standard to Port 1 and press the "Measure OPEN Port 1:” button.

Previous Tab Next Tab

Figure 2-7 Calibration window, Measurement tab

Next, click the "Calculate Calibration Coefficients" button and wait until the computation is confirmed as valid.
Press the "Save Coefficients" button and enter a file name, such as "Through_1kHz_1GHz_log.xcf."

The calibration procedure is now complete. Press the "Back" button to return to the main menu.

The calibration file is kept in C:\User\username\TekBox\TBVNA-6000\calibration\.
You can reload this calibration file via “File” menu for future measurements using the same setup.




5 calibration = X

Select Cal Type  Standards ~ Parameters  Measwrement  Calculate

Calculate Calibration Coefficients Save Coefficients
r

o w

B cal Coeffs valid

Calculation of the C Coeffi

1f all messurements in the previous tabs have been done and the appropriste standards
have been defined or loaded,  is now possible to calculate the calibration cosfficients.
8y pressing the above "Calculate Calibration Coefficients” button, the caiibration
coefficients will be calculated over the sstup bandvidth. The calibration can be saved in
the VNA main window menu: Fie->Save Calibration, The calibration vl be
automatically saved with a "Save Setup” command.

Please Note:
The calibration will become invaiid #:

= the frequency range changes

* the calibration type changes

* the number of frequency points changes
= the sweep mode changes

= the Attenuator changes

* the Direction changes

= tha mods channas

Previous Tab Back

(€] 9

Figure 2-8 Calibration window, Calculate tab

Next, we need to specify a diagram to prepare the measurement. Hit the “Diagram” button.

B 1BVNA-6000 Network Analyzer - 5%

File System Measurement

Stimulus  Receiver ~ Measurement  De-Embed  Memory

Start Frequency [Hz] Stop Frequency [Hz] Points

1k 1000M 201
Port Power [dBm] Sweep Mode

-5 max. -5dBm O lnear  © Logarithmic O R
Measurement

sngle  cont stop Dia Calibration

8 caibration Vaiid

w L Cal Clear fEdit
Progress

0%

Figure 2-9 Main window, Diagram button

The diagram window will pop up. First, we want to set up a rectangular diagram. First, select the diagram type.
“Rect. Diagram” will be the default settings, so we can leave it as it is. Then, click the “Add Diagram” button. In

the Diagram List, a “Diagram_1" will appear. You can keep the diagram name, or you can rename it by clicking
the “Rename” button.

[ ciagram List = X
Diagram List Diagram Trace List Trace
Disgram_1 Add Disgram add
© Rect. Diagram Delete
(O Smith Disgram
© Polar Diagram
Delete Diagram Edit
(=) \
Rename Rename
[ is visble
Quit
&

Figure 2-10, Diagram window




Now that we've specified the diagram type, we need to add a measurement. Highlight "Diagram_1" and press

the "Add Trace" button. This brings up the Trace Dialog, where you may choose from a variety of

measurements.

As we want to measure the frequency response of a filter, select S21, Magnitude in dB. Finalize the trace setup
by hitting the “Add” button and close the Diagram window.

:_ :DIB'OQ

Source Trace Function

<S11> S-Parameter

O s-param 512> S-Parameter

Display Function

() Magnitude
| () Phase

[<S21> S-Parameter

© Magnitude in dB

<522> S-Parameter
<Zin> Port 1 impedance

() Real

= X
Normalize by Axis
O Left
© None
_) Right
O S-Param
50 2o
Optional Value

<Zout> Port 2 impedance I o -

<VSWR_in> VSWR on port 1 Memary 2

<VSWR_out> VSWR on port 2 Complex Memory 3 [ use Correction
Aperture[%] <Gvf> matched voltage gain forward Memory 4
0.125 <Gvr> matched voltage gain reverse O Delay (-dphi/dw) Setup Corr.

() loaded Q Edit Limits Create Corr.
(] create Copy before overwrite
Equation AddModify Cancel
[ Equation dB20(s.511)

) 9

Figure 2-11, Trace dialog

Arrange the main window and diagram to match your monitor. You can attach the two windows the two
windows to each other, when pressing the CTRL key while dragging it. Double click on the axis labels, if you
want to customize the text. In the File menu, save the setup, for example, Through_1kHz_1GHz_log.suf

B2 TevNAG000 = @ 3

Output Disgram Zoom Marker Scaling

Stmuls  Receiver  Measurement  Defbed  Memory
100 MHz High Pass Filter, Frequency Response
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1k 1000 M 201
0
Port Power [d8m) Sweep Mode
5 max, -5 dom O nex O Logarithme O TOR
o -10.0
Measurement | -20.0
I
sngle  cont stop DwT\ Calibration B Colbwation vald =
Q00 coomnrs |8 900
T
Progress -40.0
0%
e -50.0
B soectrum Analysis i3 | Oscllloscope SW_Rev.: 10.3
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Signal Generator u RF Meters 24} Demod
Action
ected Select set Quit e
elect Setup
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] m— Save Setup (“)
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Figure 2-12, application windows arrangement example

You are now ready to proceed with the actual measurement. Connect your Device Under Test

Quse

TBVNA-6000

PORT 1 out PORTA PORTB

PORT 2

Figure 2-13, frequency response measurement setup




Pressing the “Single” button starts triggers a single measurement. Alternatively, use the “Continuous” button.

Your first measurement is complete.

B TBVNA-6000 Network Analyzer - % | B TevNAG00D — X
File System Messurement Output Disgram Zoom Marker Scaling

Start Frequency [Hz] Stop Frequency [Hz] Points
1k 1000 21
Port Power [dBm] Sweep Mode: \
el max, -5 dém O unear O Logarthmic O TOR \
g cont  stop Clbion g .
QOO Lo g \
Progress
[ 0%

|
utiity
-mm [@BJosctoscore | swev.: 103

o\

[ sons Generator (g e meters #-vemos h
Action
Connected Select Setup o

Figure 2-14, frequency response measurement result

Double-click into the regions indicated by red rectangles to adjust an axis's scale. Change the values and press
the “Apply” button, before closing the Setup Axis window.

B TBVNA-5000 Network Analyzer - * | [ Tevnasoon - B X

File System Measurement Output Diagram Zoom Marker Scaling

Start Frequency [Hz) Stop Frequency [Ha) Points
1k 1000 M 201

Port Power [dBm] Sweep Mode

-5 max. -5 dém O nesr O Logarittmc O TOR
Measurement

Figure 2-15, changing axis parameters

To shift the trace, click and drag the left scale up or down. A graph can be selected, by left clicking it. A
subsequent right click opens a context menu to copy, hide, delete or format the graph.

Finish this example by saving the setup in the file menu. This will also save the measurement trace.
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2.2 Formatting traces, markers, legend and labels

Reload the setup of example 2.1
Open the Diagram —menu in the diagram window and click “Properties” to invoke the Preference menu

2 TBVNAG00O
Output Diagram Zoom Marker Scaling

Properties

Copy Trace (CTRL + C)
Add Legend (CTRL + L)
Add Label

Figure 2-16 Diagram menu

| - RET

(0 Use Horizontal List for .csv exprt
. | ListFie Name

Figure 2-17 Diagram Properties/Preferences, Traces tab

Highlight the trace and click the “Setup Appearance” button to format it

B Trace Properties = X
Trace Name
da(s21)|
Trace Color Relative Trace Width
Color ‘ 50 ] %
Interpolation Trace Type
© normal
Use Splines
o O vertical 8ars
[ show known Points
Parametric
Visual Offset in Diagram Reference Axis
Left
0.000 Units 9o
Right
Persistency
() Enable £ use Trace Color
Constant Transparency Color
Number of Traces
- Color ‘
1 .
Action
Save  ExportCsV Back

BH - &

Figure 2-18 Trace Properties tab
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Click the colour wheel and change the trace colour to blue. Change the line width of the trace to 40%. Note that
there are several methods to invoke the Trace Properties feature: via the menu Diagram / Properties; via
highlighting and right-clicking the trace or simply by double-clicking the trace.

B revnag0o - o x

Ouput Diagram Zoom Marker Scaing

100 MHz High Pass Filter, Frequency Response

1k 10 k 100 k 10M 100M 1000 M 1.0000 G
Frequency[Hz]

Figure 2-19 Trace after formatting

Save and load the trace as 100 MHz Low Pass.trc using the Diagram / Properties feature

[ preferences - X

Trace Select

100 Mz Low Pass Setup Appearance

dB(s21)
Setup Source

| b‘ Load Trace Data
L | SaveTrace Data
lw

Create Copy of Trace

¢ j Delete Trace

—

(411 | Export Trace Data to csv
4|

(0] Use Horizontal Lst for .csv exprt
Uit Fie Name.

Figure 2-20 Trace saved and loaded
Connect a 50 MHz high pass filter and hit the “Single Measurement” button.

Save dB(S21), the active measurement trace, as 50 MHz Low Pass.trc using the Diagram / Properties feature.
Subsequently load 50 MHz Low Pass.trc into the diagram.
Click Diagram / Add Legend to insert a legend. Move the legend box to a suitable location.

High Pass Filters, Frequency Response

1k 10 k 100 k 1.0M 10.0M 100.0M 1.0000 G
Frequency[Hz]

Figure 2-21 two traces, legend added




To add two label boxes, use the menu Diagram / Add Label. Enter the part number of the filters and place it
next to the appropriate traces.

Marker to X Value
[ setup Marker = X
Find Marker Max
il Find Marker Min
Marker 1 .
7] Enter Label Text ? X gt Aods Accrat Marker Properties
. 0 2 ingease/deqease number of digits Center to Marker
u= Marker Text Li Base Axis Accuracy Marker to Center
100 0 2 increase/decrease number of dgits Find Marker Next Peak Right
‘Smith Chart Marker Setup Find Marker Next Peak Left
O 0 it Find Marker Next neg. Peak Right
) Z(realfimag) () Z(magjphase) Find Marker Next neg. Peak Left
Find Marker Next Valley Right
Number of displayed fnes 1 3 fr e hckrencs Find Marker Next Valley Left
O Delta Marker Aelreres Mk Select Find Y Value
Back Q Find next Y Value Right
Find next Y Value Left
Add Bandwidth Markers
Track Y Value
Track Max Value
Back Q Track Min Value
Delete
Figure 2-22 label editor marker setup marker context menu

To add a marker, navigate to the Marker menu. Drag the marker's crosshair over a trace. The marker will then
snap and move along the trace. Set it to the 3dB cutoff frequency and add a marker for the second graph.
Double-clicking the marker box will open a pop-up that allows you to rename the marker and change the
number of numbers displayed.

Highlighting and right clicking a marker box will open the marker context menu

[ TBVNAGOOO - m] X
Qutput Diagram Zoom Marker Scaling

i
e
li: o o Els | \
| B — aBiszn) | A
Py
/ \
=
e \
a1z Mz
e r.,l"
Trace: *30 MHz Low Fass
Marker 2 ('J
freq: 121.20 MHz
value: 300 dB /‘ "\
Trace: *100 MHz Low Pass \
A
L ANEEIN
[ cLPFLa100

Figure 2-23 labels and markers added
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2.3 2-port calibration, data output, frequency lists, limit lines

Measurement task: Trans-impedance measurement of an RF current monitoring probe in the frequency
range 1 kHz — 1 GHz

Set start- and stop-frequency, set the port power to -5 dBm and logarithmic sweep. Note that the maximum
port power of -5 dBm is limited to the frequency range below 4 GHz. For measurements spanning above 4 GHz,
the maximum port power is limited to -10 dBm. Though we will simply be measuring transmission, we want
optimum accuracy, therefore we will perform a full 2-port OSLT calibration.

TBVNA-6000
PORT 1 OUT  PORTA PORTB  PORT2

Qe o o0

SIHE

Through
Open Short Load

Figure 2-24 setup for full 2-port calibration

Hit the calibration wheel, choose a suitable calibration kit, and complete all necessary calibration
measurements.

B olibrati
L Calibration - X

Select Cal Type Standards Parameters Measurement Calculate

Calibration
valid valid
Measure SHORT Port 1 ] Measure SHORT Port 2 ]
Measure OPEN Port 1 ] Measure OPEN Port 2 =]
Measure LOAD Port 1 a Measure LOAD Port 2 a
Optional
Measure THROUGH | @ Measure ISOLATION O

[CJ 3.5mm to SMA Compensation

Figure 2-25 Calibration window, Measurement tab

Calculate the calibration coefficients and save the calibration file as Full_2_Port_1kHz_1GHz_log.xcf

Connect Port 1 to the input of the probe fixture, connect Port 2 to the probe and terminate the output of the
fixture.

TBVNA-6000

OUT  PORTA PORTE  PORT2Z

Qe ooo@

i

Figure 2-26 Measurement setup




To calculate the transimpedance of a current probe, we simply add 34 dB to the coupling loss. Hit the Diagram
button to create a rectangular diagram and press the “Add Trace” button. Instead of assigning a measurement
from the Trace Function list, we activate the Equation box and enter following string to add 34dB to the
logarithmic value of S21: dB20(S.S21)+34

[ Diagram List =

Diagram List Diagram Trace List
[Trensimpedance RF ing Prol Add Diagram dB(s21)

3]

© Rect. Diagram
() Smith Diagram
O Poler Diagram

1 «s @O -

e

Figure 2-27 Diagram window
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511> S-Parameter O Magnitude 1O None i
© s-Param O Right
<§12> S-Parameter | O Phase
~) Menory 1 <521> S-Parameter O Magnitude in dB O s-Param
s | o= e
n ol mj nce
") Memory 3 <Zout> Port 2 impedance O Imaginary ) Menory 1 @
) Memory 4 <VSWR_in> VSWR on port 1 ® L
<VSWR_out> VSWR on port 2 ) Complex . Memory3 [ Use Correction
Aperture[%)] <Gvf> matched voltage gain forward _) Memory 4
i 3 Setup Corr.
125605 <Gvr> matched voltage gain reverse ©) Delay (-dphijdw) tup
O loaded @ EditLimits Create Corr,
[ create Copy before overwrite
AddModify  Cancel

@ Equaton  dB20(5.521)+34 @m q

Figure 2-28 Trace window with equation
To take a measurement, press the Single Measurement button.

| -RETIE = o x

Output Diagram Zoom Marker Scaling

Figure 2-29 Measurement result
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Task: export measurement data

The easiest way to create a table with the transimpedance values versus frequency is to export the trace to a
CSv-file.

i\ : Preferences

Y-Axis X-Axis Traces
Trace Select
Equation | . Setup Appearance

Setup Source
L

e | Load Trace Data
b b

Ly | SsaveTraceData

Create Copy of Trace

(0 Use Horizontal List for .csv exprt
,  ListFile Name

() park Background

—F =D

Figure 2-30 Export Trace to CSV-file feature

When we export a trace straight away, we have no influence over how the frequency points are distributed.
The basic configuration consists of 201 frequency points spread logarithmically.

To customize the table, we may generate a text file with a frequency list. We create a simple frequency list with
two frequency points every decade and save it as Current Probe_Frequencies_1K_1G.txt. Note that the
frequency values have to be entered in Hz.

é Current Probe_Frequencies_1K_1G. X +

Datei Bearbeiten Ansicht £s2

loBpes
SBeees
188868
Seesees
looBees
SBBeee88
le8ee888688
Seesessea
loeBpespen

Ze 15, 5p1 102 Zeichen 100% Windows (CRLF) UTF-&

Figure 2-31 Frequency list for data export




Now we can assign the frequency file as Horizontal List for the CSV export.

[ preferences = X

Y-Axis X-Axis Traces

Trace Select

E i | . Setup Appearance
P ol

. Setup Source

&‘ | Load Trace Data
€
k“ | Save Trace Data
A

= Create Copy of Trace

Use Horizontal List for .csv exprt

obe_Frequendes K 16.txt . | LstFle Name
= vy .
[_) park Background Back

Figure 2-32 Frequency list for data export assigned

When we click the CSV Export button, we get a transimpedance table, which can be easily processed for
documentation.

A B C D E
1 |1 TEKBOX Trace File C5V Export
2 ' NAME: Equation, Dimensions: 1
3 |!
4
5 Base Value Value
& 1,00E+03 -42.40
7 5,00E+03 -29,14
8 1,00E+04 -23,16
g 5,00E+04 -9,32
10 1,00E+05 -3,32
11 5,00E+05 10,29
12 1,00E+06 15,51
13 5,00E+06 19,26
14 1,00E+07 19,69
15 5,00E+07 20,21
16 1,00E+08 20,26
17 5,00E+08 20,33
18 1,00E+09 8,30
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Figure 2-33 CSV — File with trans-impedance data




Task: create limit lines, method 1

There are several methods to create limit lines for the diagram. Press the Diagram button, select the desired
trace and press the Trace Edit button to open the trace dialog. Then, click the Edit Limits button.

'. Dialog

- 0 x
Display Function MNormakize by n:m
o <511> S-Parameter © Magnitude © hone o
e <S12> S-Parameter ©) Phase B
*) Menory 1 <§;> ;:-ﬂmd!' O Magnitude in & (O saram o »
<822> arameter
R <Zin> Port 1 impedance O red Optonal Value
O = <Zout> Port 2 impedance Kl Sl
Memory 4 <VSWR_in> VSWR on port 1 Memary 2
<VSWR_out> VSWR on port 2 Complex memory 3 [ Use Comection
Aperture(%] <Gvf> matched voltage gain forward Memory 4
12507 <Gur> matched voltage gain reverse O Delay (dohifdw) Sakp Corr
El=—t Creste Cor
(0 create Copy before overwite:
o AddModify  Cancel
@ Equation  daaofs.521)+34

Figure 2-34 CSV — File with trans-impedance data

Enter minimum and maximum levels for the desired frequency segments and specify the condition. Activate
“Display Limits in Diagram”.

¥ Dialog 7 X
Frequency Range
fming f.min fmax a_min amax Condition
104 Tes07 Ter08 185 ns Within
fmaxfr] Te-05 le=07 145 205 Wiithin
oo __|
Level
Minmun Level
Waxmum Level

B m e w B W N =

18 Display Limits n Dagram

i

Figure 2-35 Limits dialog

Click “Add / Modify” to close the trace dialog and close the diagram window to display the limits

Figure 2-36 Diagram window with limits

22



Task: create limit lines, method 2

Limit lines can also be created from traces. Assume the measurement result is used as reference and you want
to create a + 3 dB window. Export the trace as CSV. Furthermore, save the trace as
transimpedance_lower_limit.trc and as transimpedance_upper_limit.trc

Open the CSV-file and add two columns, one with + 3dB offset and another one with — 3dB offset. Next add
two pages, one for the lower limits and another one for the upper limits. Create a first column, containing the
string SData. Then copy the columns with the base values and the limits into the corresponding pages of the
Excel sheet. Ensure that the decimal point is set to a point and not to a semicolon.

o6 v fr  =B6-3 A . c 3 o 0 7
amenfeld B C D 1 ! Tekbox Trace File CSV Export 1 |1 Tekbox Trace File CSV Export
! Tekbox Trace File CSV Export Z :'NAME: Eq“a‘ﬁm' Dimensions: 1 2 | NAME: Equation, Dimensions: 1
31 [
| NAME: Equation, Dimensions: 1 a 3! !
4
! 5 Base_Value lower limit = a val limit
6 |SDATA 1.0DE+03  -4.59E+01 2 ase_Value upperfimi
Base_Value Value lower limit _upper limit 7 |SDATA 1.07E+03  -4.54E+01 6 SDATA LO0E+D3  -3.39E+01
1.00E+03  -4.29E+0: 3 SDATA 1.15E+03  -4.49E+01 7 |SDATA 1.07e+03  -3.94E+01
1.07E+03  -4.24E+0 9 SDATA 1236403 -4.46E+01 8 |SDATA 115E+03  -3.89E+01
1156403 -a.19+0 -a.49E+01 -3, 10 $DATA 1326403 -4.36E+0L 3 |SDATA 1.23E+03  -3.86E+01
1236403 -4.16E+010 -4.46E+01  -3. 1; 25:?: i;‘iéﬁ: ':-iggi 10 |SDATA 1326403 -3.76E+01
V1376402 _4.06E+01  _4.36E+01 - . 11 |$DATA 141E+03  -3.70E+01
13 $DATA 1.62E+03  -4.16E+0L :
- - - 12 |SDATA 1.51E+03 3.65EH01
1.41E+03 4. 00E+0: 4.30E+01 . 14 SDATA 1746403 -4.16E+0L
1516403 -3.950+00 -a.25E:01 3. N 13 |SDATA 1.62E403  -3.56E+01
15 $DATA 1.86E+03  -4.06E+0L
1mEena a2 aecenil _a 1AEsn1 - e P B 14|$DATA 1.74E+03  -3.56E+01
aclémaTa 4 ocrainn noACr A
Figure 2-37 CSV with limit columns page with data for the lower limits page with data for the upper limits

Next export the pages with the data for the lower and upper limits as text files. Then use a text editor and
replace the data in the files transimpedance_lower_limit.trc and transimpedance_upper_limit.trc with the data
exported from the CSV file. Then load the “limit” trace files into the diagram.

Trans-Impedance RF Current Monitoring Probe

30.0
20.0 ‘\
10.0

-10.0

-20.0

dB Ohm

-30.0

-40.0

-50.0

-60.0

-70.0
1 k 10 k 100 k 10M 10.0 M 100.0 M 1.0000 G

Frequency[Hz]

Figure 2-38 Diagram window with limit lines derived from the measurement trace




Task: create limit lines, method 3

Limit lines can also be created manually.

Implement following lower limits for the impedance trace

1 kHz -46 dBQ
1 MHz +12.5 dBQ
4 MHz +12.5 dBQ
4 MHz +17 dBQ

750 MHz  +17 dBQ
750 MHz 0dBQ
1000 MHz 0 dBQ

Save the trace as transimpedance_lower_limit_2.trc and open the file with a text editor. Keep the header and
replace the trace data with the points specified for the limit line. Then, import the trace file into the diagram,
choose Setup Appearance, and deactivate splines. This is essential because, with splines enabled, vertical

segments would result in a division by zero and the trace would not be displayed.

! ‘.lmmimpedance_lnwer_limi!_z.lrc L] | A Y-Axis  X-Axis = Traces
Datei Bearbeiten Ansicht Trace Select
TEKBOX_TRACEFILE Equation
S$TRACEWIDTH 5@ B ioca Propetias = s # Setup Source
$TYPE RECTANGULAR " Trace Data
SDIMENSIONS 1
$AXIS LEFT *transimpedance_lower_limit_2
$NAME transimpedance_lower limit 2 @ Save Trace Data
$COLOR 255 @ @ Trace Color Relative Trace Width
- Create of T
$COLORA 208 200 O color ‘ 00 C % % Copy of Trace
$DATA 1000 -46 Interpolation Trace Type é Delete Trace
SDATA 1e+86 12.5
SDATA 4e+86 12.5 O Normal Trace Dota to
$DATA 4e+86 17 () use spines y B e a §ER1 |} Expost Trace L3V
SDATA 7.5e408 17 fourts O Parametic
SDATA 7.5e408 @
$DATA 1e+09 q Visual Offset in Diagram Reference Axis
Figure 2-39 modified trace file with limit line data De-activate splines
.d'/d-
gl
~
1
A
//’/
’,v /
T | e
, 1
L
1 ::'/
PralWe
)
e
AT
LA
T

Figure 2-40 Diagram with manually edited limit line
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2.4 Impedance measurement, Smith chart, multiple diagrams

Task: simultaneously measure S21, S11 and the impedance of a high pass filter

Carry out a full 2-port calibration and connect a low pass filter as depicted below:

. TBVNA-6000
H PORT 1 OUT  PORTA PORTE  PORT2

Quse O O O

TBVNA-6000
PORT 1 OUT  FORTA PORTB  POAT2

Qs o o0

Filter

] 1B mm
= = Through

Open Short Load
Figure 2-41 setup for full 2-port calibration measurement setup

Click the diagram button, create a rectangular diagram and add two traces: 521 and S11, magnitude in dB.

[5 piagram List - X
Diagram List Diagram Trace List Trace
100 MHz High Pass Filter Add Diagram [dB(s21) Add
L J dB(511) L J
© Rect. Diagram Delete
(O smith Diagram
() Polar Niaaram O

Figure 2-42, diagram setup

Hit the Single Measurement button, scale the Y-axis to 10 divisions, top level +10 dB, bottom level -90 dB and
add a legend and markers.

100 MHz High Pass Filter

10.0

:larherzia 00 MH:
- 124,
10'0 vr:I?Je: -3.00 de
Trace: dB{S21)

-20.0

-30.0
-40.0 B — &)

-50.0

dB(S11), dB(S21)

:'amﬂ:izﬂ? MH:
: 83. z
-60-0 v:?.le: -20.00 dB

Trace: dB(511)

-70.0

-80.0

-90.0
1 k 10 k 100 k 1.0M 10.0M 100.0 M 1.0000 G

Frequency[Hz]

Figure 2-43, measurement result




Hit the diagram button and add another rectangular diagram. Assign a trace with Zin, magnitude.

[ Diagram List = (m] X
Diagram List Diagram Trace List Trace
100 MHz High Pass Filter Add Diagram |Zin| Add
100 MHz Pass Filter_Im @ @
© Rect. Diagram Delete
() Smith Diagram
() Polar Diagram

Figure 2-44, Rectangular diagram with Zin added
Hit the Single Measurement button, scale the Y-Axis to 15 divisions, top level 150 Ohm, bottom level 0 Ohm

2 t8VNAG000 — m] X
Qutput  Diagram Zoom  Marker  Scaling

Figure 2-45, measurement result

Hit the diagram button and a Smith diagram. Assign a trace with S11 and make a measurement

[ Diagram List - ] X
Diagram List Diagram Trace List Trace
100 MHz High Pass Filter Add Diagram 11 Add
100 MHz High Pass Filter_Impedance
100 MHz High Pass Filter_S11
() Rect. Diagram Delete
© Smith Diagram
() Polar Diagram
Delete Diagram Edit
v X
g

Figure 2-46, Smith Diagram with S11 added
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2 TBVNABO0O

OQutput Diagram Zoom Marker Scaling

Figure 2-47, measurement result

Next, arrange the windows to suit your monitor.

BB 18VNA-6000 Network Analyzer - x| BB TBvNA600O
File System Measurement Output Diagram Zoom Marker Scaling

J

|

P

Start Frequency [Hz] Stop Frequency [Hz] Points
1k 1000 M 201
e
5 max. -5 dBm O tnear @ Logarithmic () TOR
Measurement BE—=m
srde cont e Dogem  CHBEMN g ratonvald
Qo0 co o
Progress
[ | 0%
Utity
- Bllscecvumanaiyss  [EEoscloscope swRev: 103
Action
Comnected Select Setup. : o Quit B TBVNAGOOO
(] None . saesetn | @ Output Diagram Zoom Marker Scaling
1 TeviAs000 3

[

Figure 2-48, arranging diagrams
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2.5 Impedance measurement, shunt method, equations, bandwidth

Task: measure a 0.47 Ohm resistor using the shunt method

There are various methods to measure impedances. There are three ways to measure impedance with the
VNA. Additional methods require the Bode-Option.

Method Reflection on Port 1 or Port 2 Port 1-2 Shunt Port 1-2 Series

Impedance Low to middle impedance Very low to middle impedance Middle to high impedance, not

measurement range applicable for grounded DUTs

Formula Zour = 50 x (1+511)/(1-511) Zour = 50 x S21/(2 x (1-521)) Zour = 50 x 2 x (1-521)/521

To measure a fairly low resistance, we shall use the shunt approach. To achieve the highest level of precision,
the shunt method requires a common mode choke in the signal path.

Set start frequency to 10 Hz, set stop-frequency to 100 MHz, set the port power to -5 dBm and logarithmic
sweep. Connect a suitable common mode choke to Port 2 and perform a full 2-port calibration. Use a PCB with
a short 50 Ohm microstrip line as Through-standard. This PCB will later carry the DUT resistor.

TBVNA-6000
PORT 1 OUT  PORTA PORTB  PORT2

(uss O O O

Through

50 Q microstrip Open Short Load

% % ComTr(‘):k:\ode_

Figure 2-49, calibration setup

Solder the 0.47 Ohm resistor from the microstrip line to the GND of the PCB and set up the measurement.

TBVNA-6000
PORT 1 OUT  PORTA PORTB  PORT2

Quse o O O

50 ©Q microstrip

Figure 2-50, Measurement setup




Create a rectangular diagram and add a trace. Activate the Equation button and enter the equation:

50%S.521/(2*(1-S.521))

. Dialog

Source

° S-Param

':3 Menory 1
() Memory 2
':" Memory 3
() Memory 4

Aperture[%]
0.00125

50%5.521/(2%(1-5.521))

Trace Function

<511> 5-Parameter

<512> S-Parameter

<521> S-Parameter

<522 5-Parameter

<Zin> Port 1 impedance

<Zout> Port 2 impedance
<VSWR_in> VSWR on port 1
<VSWR_out> VSWR on port 2

<Gvf> matched voltage gain forward
<Gvr> matched voltage gain reverse

Display Function

O Magnitude

() Phase

© Magnitude in dB
O Real

© Imaginary

() Complex

O Delay (-dphi/dw)
O loaded Q

MNormalize by

O S-Param

O Menory 1
() Memory 2
() Memory 3
() Memory 4

Edit Limits

Figure 2-51, Equation editor

Close the Trace dialog, configure the Y-axis to 10 divisions, top level 1 Ohm, bottom level 0 Ohm and set a
marker. Hit the Single Measurement button.

Figure 2-52, Measurement setup

We measure 0,476 Ohm between 1 kHz and 10 MHz. At higher frequencies, the parasitic inductance of the

resistor starts to contribute to the impedance. At frequencies below 1 kHz, the result is noisy.

Reduce the measurement bandwidth to 100 Hz and re-measure the impedance.
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B TBVNA-6000 Netwerk Analyzer = X | I8 TBYNAGOOD

File System Messurement Output  Diagram  Zoom Marker Scaling

Stimulus. Receiver Measurement  De-Embed Memory

Spur reduction Attenuator Port 1 Attenustor Port 2
© High speed © 0 dam max. © 0 demmax.
O High Acauracy © 20 B max. © 20 &Bm max.
[0 Spur cal valid

Bandwidth [Hz] Port A Attenuator Port B Attenuator
100 High, +/-20V High, +/-20V
(0,005 Hz -200 kHz)
Measurement

8 Cairation Vaid

900 B & =

Uity
-Spectm.malm [EBJosctoscone swRev: 103
& s cenerater [ 7 veters ~#}- pemod
Action
Comnected Select Setup Qut

Figure 2-53, Measurement result after decreasing the bandwidth to 100 Hz

Reducing the bandwidth increased measurement time, but successfully removed the noise.

Entering the equation was actually only an exercise. The shunt impedance method might also be chosen from
the large list of Trace Functions.

- Dialog _ O %
i Function Normalize b Axis
Source Trace Function Dhophay =2 ° oh
O sparam <TDR_S12_BP_RW> S12 - Time domain reflectometry, ban O Magritude © None O Right
<TDR_S12_BP_HW> 512 - Time domain reflectometry, ban (O Phase
(") Menory 1 <TDR_522_LP_RW> 522 - Time domain reflectometry, low; © Magnitude in dB (O s-Param
 Meinocy 2 <TDR_522_LP_HW> 522 - Time domain reflectometry, low O Real 50 20
= <TDR_522_BP_RW> S22 - Time domain reflectometry, ban o s Optional Value
) Memory 3 <TDR_522_BP_HW> 522 - Time domain reflectometry, ban ol ‘ N Ry L 50
() Memory 4 <Gtp> Transducer power gain, use Z0 = source imp., optio ) N Memory 2
<Q> Quality Factor () Complex () Memory 3 (] Use Correction
Aperture[%] <IMP Series> Impedance measurement by Series Method () Memory 4
o556 | <IMP Shunt> Impedance measurement by Shunt Method O Delay (dphifdw) Setup Corr,
O loaded Q Edit Limits Create Corr.
(] create Copy before overwrite
Equation AddModify  Cancel

@ Equation  50%5,521/(2%(1-5.521)) @cx :i

Figure 2-54, Shunt impedance method in the Trace Function list
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3 History

Version | Date Application software version | Changes

V1.0 1.2.2025 V1.0 Initial document

Table 3-1 Version History.

The application software version refers to the most recent version available at the time of writing the quick
reference manual.




