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TekBox certifies that this product met the published specifications at the time of shipment from the
factory.
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This product is warranted against defects in material and workmanship for a pergeais from

the date of delivery. During this warranty period, TekBox will, at its own option, either repair or replace
products which prove to be defective. For warranty service or repair, this product must be returned to
the TekBox electronics factooy to the distributor, where the product was purchased

TekBox warrants that its software and firmware designated by TekBox for use with the instrument will
execute its programming instructions when properly installed on the PC. TekBox does not warrant that
the operation of the instrument, or software, or firmare will be uninterrupted or error free. The
foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance by
the Buyer, Buyer supplied software or interfacing, unauthorized modification or misuse, operation
outside the ewironmental specifications for the product, or improper site preparation or
maintenance.

No other warranty is expressed or implied. TekBox specifically disclaims the implied warranties of
merchantability and fitness for a particular purpose. The remedies provided herein are the Buyer's sole
and exclusive remedies. TekBox shall not be liableafty direct, indirect, special, incidental, or
consequential damages, whether based on contract, tort, or any legal theory.

#1 1 Dl BRAIAAAZ Al EAOAOQEI

European Union

Standard Title

EN 613261:2013 Electrical equipment for measurement, control dafioratory use
¢ EMC requirements, Part 1: General requirements

EN 613262-1:2013 Electrical equipment for measurement, control and laboratory use
¢ EMC requirements, Part2 Particular requirements

EN 610161:2010/A1:2019/AC:20104 Safety requirements for electrical equipment for measurement, control and
laboratory use, Part 1: General requirements

EN 6101€2-081:2020 Safety requirements for electrical equipment for measurement, control and

laboratory use, Part-B81: Particularequirements for automatic and semi
automatic laboratory equipment for analysis and other purposes

EN 63000:2018 Technical documentation for the assessment of electrical and electronic products
with respect to the restriction of hazardous substances

Additional, country specific conformity declarations are available through our distributors.

Recommended calibration period: 1 year, if the instrument is used permanently in an industrial
environment; 2 years if it is used occasionally in a laboratory environment.
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GENERARAFETY INSTRUCTIONS

Carefully read through the followinghapters before powering and operatinghe TBVYNA600Q
Observe all the precautions and warnings provided in mdgual for all the phases of operation,
service and repair of the Analyzer. TAralyzermust be used only by skilled and specialized staff or
well-trained personnel with the necessary skills and knowledge of safety precautions. The Analyzer is
an IEC61010 CAT | device, there for no measurements shall be done involving a CAT I, Ill or IV
environment. Operators must not remove the covers or parts of the housing. The Analyzer must not
be repaired by the operator. Component replacement or inteadjustmentshall only be performed

by qualified maintenance personnel only.

Operating Environment

TheTBVNA6000is intended for indoor use and should be operated in a clean and dry environment

Operating temperature range0 °C to +40 °C
Operating humidity range: max. 85% RH, Z#s.
Operating altitude range: H3000 m

Storage temperature range: -20 °C to +60 °C
Storage humidity range: max 85% RH, 2#s.

= =4 =4 4 =9

Note: Avoid direct sunlight, radiators and other heat sources in the vicinity of the instruifteat.
instrument relies on forced air cooling with internal fans and ventilation openings. Avoid restricting
the airflow at the fan and ventilation openindgeep away liquids and inflammable gases.

AC MAINS SUPPLY VOLTAGE

TheTBVNA6000contains a linear power supply and does not automatically adafiméovoltage.

The instrument is preet to the local maingoltage atits expected destination. However, before first
operation, ensure that the mains voltage indicated at the mains voltage selector switch at the rear
panel of the instrument matches your local mains voltage.

100 VawsC 120 \eus(3%)  50/60 Hz ¢ 5%)
1 200 VawsC 240 \eus(3%)  50/60 Hz £ 5%)

Warning:Manual mains voltage selection is required

Ensure that the mains voltage selector switch is set correctly to avoid
damaging the instrument.




POWER AND GROUND CONNECTIONS

The instrument is supplied together with a country spedfipower cordTheACpower cord contains

a molded, thregterminal, country specific pluand a standard IEC320 (Type C13) connector for making
line voltage and protective earth connection. The mating IEC320 (Type C13) ACeadtketrminal

is connected directly to the metahassis of the instrument. For adequate protection against electrical
shock hazard, the power plug must be inserted into a mating AC mains outlet containing protective
earth contact. Use only the power cord specified for this instrument and specifietiéacduntry of

use. Use the instrument only in installations proedtwith a ground fault switch.

Do not use excessive force on connecting cables to any connector of the instrufhenpower cord
should be unplugged from the AC outlet, if the instrument is not to be used for an extended period of
time.

Warning:Electrical Shock Hazard

Any interruption of the protective earth conductor within or outside of th
instrument or disconnection of the protective earth terminal creates a
hazardous situation with the potential of lethal electrical shock.

Intentional disruption is prohibited.

Caution

The outer shells of thedsonnectors at the front panel of the instrument a
connected to the instrument’s chassis and therefore to protective earth.

CLEANING

Clean only the exterior of the instrument. Usdamp, soft cloth for cleaning. Do not use any chemicals
or abrasive sponges. Under no circumstances allow moisture or liquid to penetrate the instrument. To
avoid electrical shock, the power cord must be unplugged from the instrument before cleaning.

Warning: Electrical Shock Hazard

Disconnect the power cord, before cleaning the instrument. Do not rem
covers when cleaning the instrumeiiinsure that no moisture entered the
instrument, before reconnecting it to AC mains.




ABNORMACONDITIONS

Do not operate the instrument, if there are any visible signs of damage, abnormal smell or sound. In
case that you suspect that the instrument’s protection has been impaired, disconnect the power
cord and secure the instrument against any unintended openat

Only operate the instrument for the purposes specified by the operator. Do not connect the
instrument directly to human subjects or foredical monitoring.

ESD PROTECTION

Electrostatic discharge can damage thestrument when connected or disconnected from the
Equipment Under TesStatic charge can build up on the body and damage the sensitive circuits of
internal components of both thastrumentand theBUT.

To avoid damageaperate the instrument imn ESBsave environment owear a grounding wrist strap
connected to the desktop angitatic matviadais K Ay SR m. am NBaAaidz2N

RFINPUT PROTECTION

RFInputs are sensitive and can be damaged by excessive power or voltage transients.

The maximum input rating of thastrument is +2 dBm atPort 1 & 2 and +/25V at Ports A &.B
Note that the input rating decreases with decreased internal attenuation or increased internal gain
settings accordingly.

Before connecting the RRputs of the instrument to a RSource or to an Equipment Under Test,
make sure that the internal settings are set to achieve the maximum input rating and only thereafter
gradually modify the instrument settings to achieve the required dynamic range. Any ercegsit
power or voltage will cause the instrument to issue an optical and acoustical input overflow warning.

If you connect the instrument to an unknown source or Equipment Under Test, protect #impiRF
with an attenuator /high-pass filter / limiter such as Tekbox TBFL1. Make yourself familiar with the
input protection products offered on the Tekbox website.

Warning:RFInput overload

Be cautious when connecting any unknown source to thenRit. Carefully
study therelated information of this manual to avoid damage of the RF
frontend circuitry.
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1 Introduction to the TB/NA6000Vector Network Analyzer

1.1 Introduction

A vector network analyzer measures the magnitude and phase characteristtectifcalnetworks

and components such as filters, amplifiers, attenuators or antenfvéride the measurement is usually
performed in a 500hms environment, theesulting four pole parameters provide insight into the
transfer function, input and output impedance and much more. The high power signal output and the
two additional high impedance inputs allow gain and phase measurements from DC to 500 MHz in the
bode-analyzer operation modeWhile the main function of the TBVN®0O0 is the measurement of 1

or 2-port networks, additional utilities integrated into the instrument will ease the electronics design
process:

1 0.1 Hz¢ 6 GHz Vector Network Analyzer
1 0.001 Hz; 500 MHz Bode AnalyzeequiresBode Hardware Option)
i Signal generato®.1 Hz 6 GHz with0.1 Hz resolution

1 Fourchannel 60 MHz digital oscilloscope with 1258%&nd14 bit resolution (Two 50K
inputs, two 1 MKinputs)

1 Twao-ChanneDC- 6 GHz spectrum analyzer, with an unambiguous frequency range of DC
- 60 MHz and an activedgband suppression for spuriofi®e signal measurements up
to 6 GHz (under certain conditionahd cross correlation optiorflnput channels can be
among all 4 input ports)

1 Power sweep measurements

1 Wideband Power/Voltage measurements
1 THD analyzer

1 Phase noise analyzer

1 General nise and bode measurements

1 Two 1 NK// 15 pF, 500 MHz, +20 V Inputs for ga#phase and DC measurements




1.2 Application Overview

After launching thef BVNA6000software a primary window with a variety aftilities appears:

B

3 TBVNA-6000 Network Analyzer = P
Stimulus | Recever | Measurement | De-Embed | Memory
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Figurel-1 TBVYNA60OOsoftware, primary window

The main window contains all control elements for the vector network analyzer operathilst the
"Utility" group section has buttons thafive access to other featurgsuch as using the oscilloscope.

Spectrum AnalyzeDC tc6000MHZ,with an unambiguous frequency range of B82.5 MHz and an
extended frequency range of BBDOO MHz with an "active" sideband suppression. This sideband
suppression will try to delete spurious signals from the measurement and works for resolution

bandwidth less than 200 kHz.
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Figurel-2 Measurement example




A Please Note: The Spectrum Analyzer Utility has no physical sideband suppression like
a preselector. Spurious signals can appear on broadband signals and higher
resolution bandwidths. Spurious free measurements can only be done at frequencies
below &.5 MHz. However the "active" sideband suppression greatly improves the
spurious suppression.

The phase noise analyzer tool, allows the measurement of the single sideband phase noise using the
internal spectrum analyzer function. It will perform carrier search and measurement and performs all
necessary calculations to display the carrier phaseenois logarithmic diagram.

B Spectrum Analyzer 60 ...i=ms — el 77 TBVNAG00O o> S|
= e — e
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Figurel-3 Measurement example

A spectrum and noise analyzer B62.5 MHz with a logarithmic frequency sweep and frequency
dependent resolution bandwidth adjustmenthen used as a noise analyzer, an LNA with at least 40
dB gain, such as the TBL:N@0, is ecommended
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Figurel-4 Measurement example




The oscilloscopédisplays signalsn the time domainand can perform simple protocol decoding like
12C, SPI or RB2 and has many built in measurement functions like RMS voltage, negative peak. The
triggering also includes a pulse trigger mode, where the trigger can be set on certain pulse widths and

levels.Note that the oscilloscope is BOupled. External DBlocks for A@oupling come with the
VNA.
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Figurel-5Measurement example
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Figurel-6 Signal Generator

The signal generator allows toanually controthe built in sinusoidal signal soucéort 1 and Port
2 can outputCW signalfrom 1 Hzo 6 GHz andp to-5 dBm The BNC output port delive¥24 dBm
up to 200 MHzand +10 dBm up to 500 MHz.




The RF Millivolt Metemeasureshe RMSof a broadband signal with-8dB bandwidth of about DC
700 MHz.
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Figurel-7 RFmV Meter

The THD Analyzer allows the measurement of a CW signals harmonic content and will cakDlate
and other THD parameters within the 6 GHz range.

Q& Dialog (=l e ST reviasoco =3 X
Voltmeter | THD tester | Power Sweep |
Harmonic Content in dBm
Setup Ogeration
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. 0o
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o
Results £ -50.0
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5xf, P = -99.5156 dBc B
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9xf, P = -106.031 dBc -80.0
10xf, P = -104.153 dBc
11, P = -113.693 dBc = -90.0
12xf, P = -107.656 dBc
THD% = 0.000132094 %, THDdb = -587 -100.0 === == = =
THDaudio% = 0.114932 % L4 o 100k 200k 300k 400k 500k 600k 700k 800k 900k 1000k 100k 1200k 1300k
QT 5 Frequency
Figurel-8 THD Analyzer

The above example shows the measurement of the internal signal source at 1 kHz.




The power sweep function allows the measurement of the signal transfer curve over power at a
certain frequency.

J Dialog

S |

[ TBVNAG00O

] ==

Setup
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510M
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Suieep steps
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Figurel-9 Power Sweep
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1.3 System Requirements

The TBNAG000 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 15 (R) processor with 3 GHz clock speed (or equivalehG Brof system memory

as minimum recommendation. A higtesolution screen of better or equal than 1280x1024 pixels is
required, 4k resolution is recommended for more detailed data display.

1.4 Packaging List

When opening th@ BVNAox please check if following items are included in the package:

=A =4 4 =4 =9

TB/NAG00O Vector Network Analyzer

USB cable with type A and type B connector
IEC power cord
USB Stick containing tieBVNA6000software
Quick Start Guide




1.5 Unpacking and Preparations for First Use.

Figure1l-10 TBVNA600Oside view

Carefully unpack the shipping box an remove the packaging material. Carefully chetBYdik
6000for any shipping damage.

Check if thenstrumentssACmainssupply voltage matches thgower gridvoltage in your country.
To do so, turn the analyzer around and have a look at¢aepanel.

IECtAC power connector

Ht!
o L]

Power Supply
voltage selector

Figurel-11 TB/NAG0OOrear view

Check the currently selected Atainssupply voltage on the power supply voltage selector.

Figurel-12 TBVYNA6000Omains supply voltage selector
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If the displayed voltage DOES N@atchyour countries power grid voltage, please move the voltage
selector switch in the opposite direction using a fitting tool, e.g. satawer.

Possible settings ardé15 VAC and 230 VAC
For voltages in the range 100 VAC to 120 VAC use the 115 VAC setting.

For voltages in the rang200 VAC ta240 VAC use th230VAC setting.

Warning:Mains voltage selector

/'\ Operating theTBVNA6000ANalyzerset tothe wrongmainssupply voltage
> may damage the equipment.

Figurel-131EC cable connector

Use yoursupplied IE@ower-chordand plug itinto the TBMR power inlet on the back of tHevice.
Plug the power cablthen into a suitable power plugNow connect the TBMRISB port to your PC
using the supplied USB cable.

Figurel-14 supplied USB cable

Figurel-15 TBVNA600Ofront view
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1.6 Software Installation

Plug the supplied USB Stick into the USB port of the PC which you want to connect B\ KA
6000and open thesoftware folder. Start the TBVNAG0OO_Setup_Xkxexé' file as administrator.
The Installer will guide you through the rest of the Installation.

TEKBO>XX

DIGITAL SOLUTIONS

Welcome to TBVNA-6000 VNA Setup

Install

Figurel-16 TB/NA6000installer window

The Installer will install both theCsoftwareas well as the device driver.

1.7 First Power - On

After the software has been successfuligtalledand the PC is linked to thEBVNA600Q, the device
can be powered on. To do so, turn on the power switch shown in Figure 1\waindntil P1 and P2
Active LEDs shortly flash up.

If the USB driver i®aded correctlythe green LED "Connectedill light up on the analyzer front
panel.The display can also be configured to display the measurement graphs.

In the device manager a new device fold&ekBoX shouldappear

> &= Tastaturen

-;l--ﬂ TekBox
@ TBVNA-6000
- - g USB-Controller

Figurel-17 WindowsDevice Manager indicating that théNAis successfully connected

If the analyzer does not connesticcessfullyo your PC, pleaseerify theUSB connectionTurn off
the analyzer and turn it back on after 2 seconds to check Windows Status outputs in the right lower
corner of the screen

If everything is correctly installed, you can now invokertienapplication by doublelicking the
Desktop icon or selecting the application from the program list




2 TBVNA-6000 Network Analyzer =[E] % ]

File System Measurement

stimuus | Receiver | Measurement | De-Embed | Memory |
Start Frequency [Hz]  Stop Frequency [+z] Points

10M 100M 201

PortPower [d8m] Sweep Mode

s max.-5 dBm @ Linear () Logarithmic () TDR
Measurement

sngle cont stop  Diagram Caliration

[ calibration Valid
Qo

Progress
| | 0%

utiity

B spectrum Analysis [Eosdiloscope | sw_Rev. 1.0.10
[ 7 signal Generator | [ [ reweters | [ ¥ pemod |

Action

Connected Select Setup. Quit

Figurel-18 Main application window

If the device driver iproperlyloaded the "Connected"- box is checked and themnalyzetris ready for
operation.

For a first test, click on th&single" measurement button

[ TBVNA-6000 Network Analyzer = 28

[“stmuius | Recener | Msasurement | De-gmbsd | memory

Start Frequency [Hz)  Stop Frequency [Hz] Foints
10M 100M 201
Fort Fower [d8m] Sweep Mode
15 mac-sdam @ Unear () Logarithmic ) TOR
" Measurement
- i i
cont s Dlogram Colbrobon o
DO T E [coe
Progress
0%
Uity
Bl specirum anaiysis | | [E|osciloscope | sw_Rev. 1.0.10
I:swsanerm [ (o e sters I ¥} bemad J
Action
Connected Select Setup

Quit
)

Figurel-19 Main EMI analyzer windowsingle Measurement" marked.

Next, press the "Diagram" button

[ TBVNA-6000 Network Analyzer [E=RIET Y
File System Measurement
Stimulus | Recaiver | | pe-embed | memory |
Start Frequency [Hz]  Stop Frequency [Hz] Points
10M 100M 201
Port Power [d8m] Sweep Mode
5 maxSdam  © Linear () Logarthmic () TOR
Measurament
o cont st o S
SRR enE I =18 7] Calibration valid
QOO o [omen
Progress
| | 0%
Utility
[N soectrum analysis | | [Z22|osalioscope | sw_Rev.  1.0.10
[:S\gna\ Generator H L e Meters H £ Demod ]
Action
Tl Select Setup Quit
©

Figurel-20 Main EMI analyzer window "Diagram" marked.
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2 Diagram List =[]

Diagram List Diagram Trace List Trace
Add Diagrar Add
@) Rect. Diagram Delete
Smith Diagram
(") polar Diagram
Delete Diagram Edit
(=) 3
Rename Rename
D is visible
Quit

Figurel-21 Diagram List window

Press "Add Diagram"

-
£2 Diagram List - —— =1 [ X [ revnasooo (=l O S
Diagram List Diagram Trace List Trace OUtpUt Dlagram ZOO”} Marker Scallng
Diagram_1 Add Diagram Add Dlagmm_1
* 6 o | =
P o 0
(@) Rect. Diagram Delete
) Smith Diagram -10.0
(7 Polar Diagram
§ -20.0
Delete Diagram Edit
) Sl =
Rename Rename =0
-50.0
D is visible -60.0
-70.0
Quit 0 2000k 4000k 6000k 8000k 1000.0k
<;3 Unknown
I

Figurel-22 Diagram List window with new diagram and a diagram window.

After pressing the diagram window, a new Diagram named "Diagram_1" appears in the list and a
diagram windowopens

Now press "Add" on the right side in the "Trace" group.

r R
- - — - =]
2 Dialog e [
- —— -
. Display Function Normalize by Axis
Source Trace Function
@) S-Param |<511> S-Parameter - () Magnitude None Right
<512 S-Parameter R == .
®) 5
rl‘::ennr'; 12 <571> S-Parameter :ag‘mtude in dB | S-Param 50 Zo i
emory ea
! . <522 S-Parameter X Optional Value
Memory 3 . i () Imaginary Menory 1 50
Memory 4 <Zin> Port 1 @pedance Memory 2
<Zout> Port 2 impedance Complex Memory 3 [ Use Correction
Aperture[%] <VSWR_in> VSWR on port 1 il Memory 4
0.125 ;wcurn ks MWD an et , ) Delay (~dphi/dw)
) loaded Q Edit Limits
D Create Copy before overwrit&/ariable: VAR_ 0 Variable: VAR_ 0 Variable: VAR_ 0 §
Equation Add{Nlomfy Cancel
["] Equation  dB20(s.511) C J <:3

Figurel-23 Trace EdiDialog.




The TraceHit - dialogopensand <S11>-Barameter is preselected.

Now press the Add/Modify button on the right bottom of the window. The dialog disappears.

Press Quit in the "Diagram List" window.

Check the updated diagram on the screen; it should appear similar to the one below.

EtBvNAGOOD I = |10
Output Diagram Zoom Marker Scaling
Diagram_1
10.0
0
-10.0
-20.0
B -30.0
g
-40.0
-50.0
-60.0
-70.0
10.00 M 28.00 M 46.00 M 64.00 M 82.00 M 100.00 M
Frequency[Hz]

Figurel-24 Raw dB(]S11|) measurement from 10 MH£00 MHz.

You havgust completeda raw dB(|S11|) measurement of Port To update the diagram data, use
either the "Single" or "Continue" measurement buttons. Connect a termination to Port 1 and watch
the diagram while taking continuous measurements.




1.8 Front Panel Elements.

Power Status
Switch LEDs

Port1 &2
50 Ohms,
bidirectional,
DC1i 6 GHz

50 Ohm :
Co:r?e?:tor Signal Generator H:gh I;npfiagce
Output, 24 dBm nplul\jlohm '
DC - 500MHz - 20V

Figurel-25Front panel

91 Power Switch:
1 USB Connector:
9 Status LEDs:

- Connected:

- P1, PZctive

- Ovedrive:

1 Portlé&2:

1 Signal GeneratdPort

1 PortA&B

Turns the Analyzer on or off
Connecting the Analyzer to a Computer

indicatesthat the USB connectioto the controtPCis established
indicates an ongoinmmeasuremenin Port 1 or 2.

indicates @ RFinput overload conditiorduringa measurement,
accompanied bypuzzer sound

RF Measurement Ports for the VNA function, can be source or sink
and have 50 Ohms input impedance.

Up to +24 dBm signal output in the range from DC to 500 MHz, will
be used as primary output in Bode analyzer mode.

Inputs with 1 MK// 15 pFimpedance500 MHzmax.frequencyand
upto +/- 20V linear rangeThese inputgare used in the bode analyzer
mode.

aware

Warning:Maximum RF input power rating
The maximum allowed RF input powen Port 1 & Zs +20 dBm (00 mwW
or 2.3V RMS continuous powerand on Port A & B max. +25Vp Be

An overload condition will be only detected during a running
measurement!

Exceeding the maximum RF input power or voltage will damage the
instrument!

this also holds true for short transients or bursts!
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1.9 Theory of Operation

Port A Port 1 Port 2 Port B
@ Y
Active SWR Active SWR
Bridge ° Bridge
1M — - 1M
—— ———
50R 50R
FWD REV REV FWD
DC-6 GHz
—\ o4— ——\ o
DC-500 MHz
A
Sig-Gen Output
PLL
< < < <
g8 28 |90MHzi 125MHz [ 28 28
T = T I= I=Z
®woe w2 [730] 23]
i -3 o3 i
w2 w? w & w2
55 55 55 55
O O O (@]
USB
ucC =)

Figurel-26 Systenblock diagram

Heart of the TBVNA are two actiVeWR bridges, which separate the forward wave from the reflected
wave Both bridges are fed by a 6 GHz signal generada switch, so that either Port 1 or Port 2 can
be used asn output. All 4 outputs of theSWR bridges areonnectedto separate AEzonverters,
which perform sampling and doweonversion in one sted@he ADC sampling frequencies are variable
and generated byraextra PLL.The FPGA implements digital dowonversion logic and adjustable
filtering. The sampledata of thefour channe$ are read out by a Microcontroller and transferred to
the PC vidJSB interfaceThe "Bode" functionality is implemented by switching each "forward" (FWD)
channel either to the correspondingSWRbridge orto high impedancéBode"input ports Port A or

B. Furthemore, one portion of the signal generator is fed to the "Output" BNC conneatttite front
panelandprovides a CW output signal in the frequency ra@dg¥l Hz- 500 MHz frequency range and
up to +24 dBm output power io a50 Ohmload.




The analyzer measures four complex waves / voltagebi,ap, bs.

The number denotes the port number the 'a’ stand for the forward signal and the 'b' for the reflected
signal.

By calculating the complex quotients/dn, by/ai, b/az, /az , voltage independent vectorare
derived which describe the scattering parameters, Si2, $1, So2.

These vectors are nanmediatelythe desired SParameters, since they are influenced by the limited
accuracy of the VSWRtidges, switches and cablégSonsequentlya calibration procedure is required
to eliminate these errors.

One calibration method calledSOLT is implemented in the analyZer software. This calibration
procedure uses four precision known lieeements, to be connected to the analyzer one after another.
These standards consist of three single port standdgdsrt, Open, 50 Ohméoad and one two port
element called Through".

After consecutively connectingnd measuringhese standardsvith the VNA the analyzer calculate
10 complex calibration coefficients for each frequency peaintl subsequenthgorrecss for all the
errors.

A simpler but much quicker calibration meth@hormalization of the measured quotient$his can
alsogive good results, farried outcarefully. Normalization can be defined in the tragxdit window.

A Note that a specific calibration will measure a egpart or two-port device at/between the
reference plane(s). This virtual plane is shawthe picture below Any cablén between willaffect
the measurement, and needs to be-denbedded.

sy

S ET . EE ,,,,,

gt ERVERPTRIRER

— Reference plane  —

Location of the reference plane
in a lype-N connector

Figurel-27 Definition of the reference plane.




1.10 Starting the Software

TheTBVNA6000software can be launched by either doulakcking the desktop icon or by selecting
it from the TekBox Program folder. The following windaypears upon startingthe software

File System Measurement File System Measurement

Stimulus ‘ Receiver | Measurement | De-Embed Memaory Stimulus | Receiver | Measurement | De-Embed | Memary |
Start Frequency [Hz] ~ Stop Frequency [Hz] Points Start Frequency [Hz]  Stop Frequency [Hz] Paints
1M 100M 201 10M 100M 201
Port Power [dBm] Sweep Mode Port Power [dBm] Sweep Mode
15 mazx. -5 dBm @ unear () Logarithmic () TDR -15 max. -5 dBm @) Linear Logarithmic ©) TDR
Measurement Measurement
single  cont stoj Diagram Calibration single  cont sto, Diagram Calibration
< B 2 [ calibration valid 2 w L [] calibration valid

w ° o = & w u u i cal Clear/Edit

Progress Progress

| | 0% | 0%

Utility Utility

lﬂ Spectrum Analysis l @Dscmoscope l SW_Rev. 1.0.17 m Spectrum Analysis Q Oscilloscope SW_Rev. 1.0.17

[ ’-.——Signal Generator ] [ﬂ RF Meters ] l —|E|— Demod ] ~ Signal Generator u RF Meters Demod

Action Action

Connected Select Setup Quit Connected Select Setup Quit
© 0 e ) (] €y

Figurel-28Main window, USB connected Figurel-29Main window, No USB connection

Following command line options are available:

1 -platform windows:dpiawareness=0
This option allows to scale the GUI in order to display the fonts correctly. Setting this
option allows forcompensation on font scalinglse it, if you have an HDR monitor.

f dark
This option enablea dark-style GUI displaylease keep in mind that only Windows 10 and

Windows 11 will render Windows titles in black.

If aTBVNAGOOOanalyzer is detected viaUSB (i KS & 02 yy SOl S Rethetwdall ¢ A f f
application icoswill be gayed out andnot accessible.

The Quit button will terminate the application.

0
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1.11 Network Analyzer Operation

Stimulus | Receiver | Measurement | De-Embed Memory
Start Frequency [Hz]  Stop Frequency [Hz] Points

10M 100M 201

Port Power [dBm] Sweep Mode

-15 max. -5 dBm @ Linear Logarithmic TDR

Figurel-30 Stimulus button group

The stimulus panel is used to control the signal source of the analyzer. Start and Stop frequency
parameters need to be typed in Hz. The maximum frequency range is 0.1 Hz to 6 GHz. Any band within
this frequency range can be used for measurements witlequiency resolution of 0.01 Hz. The field
"points" represents the number of discrete measurements in the specified frequency band. The
distribution of the measurement frequency spots can be selected to be linear, logarithmic or TDR. The
maximum number of masurement points is 100000, in TDR mode the number must fulfill the number
2"+1.

A linear distribution has an equidistant frequency distribution like 1 kHz, 2 kHz, 3 kHz, 4 kHz etc., while
a logarithmic distribution like 10 Hz, 100 Hz, 1 kHz, 10 kHz has increasing frequency steps between
each measurement point. Logarithmic frequencytdbutions are very useful for multictave
measurements.

The button "TDR" is used for lgpass time domain measurements. It will produce a linear distribution
like "linear", but the start frequency needs to be 0 Hz. As the analyzer cannot make a measurement at
0 Hz, which is required for the time domain transf@tion, the 0 Hz measurement point will be
replaced by a fitting low frequency measurement. The "TDR" option is ONLY used-faskewme
domain measurements.

The Port Power reflects ¢hcalibrated output power of the active port during measuremdintan be
set between-5 dBm to-80 dBm. A port level ofl5 dBm is recommended for most applications. A
lower output power will increase noise while a higher power thadBm may not be possible in some
frequency bands but will lower the noise floor.this case the output power may be unleveled.

A Please note that changing stdrequency, stogrequency, points or distribution, may render an
active calibration invalid, since the calibration is made for every frequency point. If an interpolation is
possible a corresponding window will inform theeusChanging the output power malyghtly change

the accuracy of the measurement, but will not invalidate a calibration.




Stimulus Receiver Measurement De-Embed Memory

Spur reduction Attenuator Port 1 Attenuator Port 2

@) High Speed Q@ 0 dBm max. Q@) 0 dBm max.
High Accuracy 20 dBm max. 20 dBm max.
Spur Cal Valid

Bandwidth [Hz]

10k
(0.005 Hz -200 kHz)

Figurel-31 Receiver Section

The network analyzer uses four isolated receiver chains to measure-ploet Sparameters. The
bandwidth of the receivers can be adjusted to be within about 0.005 Hz and 200AHarrower
bandwidth decreases noise, resulting in a higher sigmaloise ratio; however, a reduced bandwidth
also increases the measurement time.

For low frequency measurements the system afomatically set a suitableandwidth,which means
that the entered value can beonsider@ as upperimit of the applied bandwidth. Although the
bandwidth can be entered in arbitrary steps, the effective bandwidth will follbst&ps, like 1 Hz, 2
Hz, 4 Hz, 8 Hz etand the closest value will be choséie bandwidth can be changed anytime without
invalidating the active calibration.

The VNA has a builh spuious reduction whicheffectivelyeliminates discrete frequency spurious
signals produced by the signal generators harmonics and higher order mixing products. The "High
Accuracy" mode will eliminate any possible spurious @gdke cost of increasecheasurement time.

The reduction is accomplished bithering the internal sampling clock&/hen setting upspulious
reduction in the calibration menu, the necessary swefgpsa measuremenare reduced from three

to two. Furthemore,in a calibrated measurement environment a spur-pedibration will significantly
increase accuracy.

To adjustthe dynamic rangef measurements, the maximum input power for port 1 and 2 can be
adjusted In case ofneasuring amplifiers with a high gain, it is a better choiceetothe20 dBm input
attenuatorthan lowering the port power, since lowering the port power will introduce noise.




Stimulus Receiver | Measurement | De-Embed | Memory |

Instrument mode . i
Run DC Calibration

(@ 50 Ohms NWA lShO‘W Limits Windc-wl
() Bode Analyzer w

Average

|:| Enable 1 ~| Factor 1

Figurel-32 Measurement Section

The measurement section allows &electthe analyzermode. As "50 Ohms NWA" the analyzer
operates as 6 GHz vector network analyzer. In "Bode Analyzer" mode (only available with Option BODE)
the analyzer operates as a gain phase meter and vector voltmeter. In this mode, the signalisutput
routed tothe BNG@ 2 y' v S O (i atkie fiohtpatiel The frequency rangs limitedto 500 MHz The
maximumoutput power is+24dBmup to 200 MHz and + 10 dBm from 200 MHz to 500 MHz

In Bodemode, the stimulus section of the analyzer is disabled and all frequdrandwidth and power
settingsareenteredinto i KS & . 2 RS { 4 S Shid windodpdps updapoy’ seRafintBode
Analyzer" mode.

2 Bode Sweep List L2 e

F z] ‘ower[dBm BW[Hz] Att A Att B Edit

2100 0 10« N
Delete
Points
201

Sweep

@ Log
) Linei

Figurel-33Bode Sweep List

In "Bode" Mode all 4 channetse available as a receiver inputs. Port 1 & 2 and Port A & B. Port 1 & 2
offer 50 Ohminput impedance at a reducestaximum input rang®f 0 dBm. Port A & Bffer a high
input impedance and input voltage rangest#f20V , +/5V or +£0.5Vfor each frequency segment

"Run DC calibration" can hesed to manually to increagbe dynamic range at frequencies close to
zeroHz In normal operationthe analyzermautomatically carries ouDC compensation from time to
time.

The "Show Limits Window" button can be pressedisplayproductiontest limits. his is
particularly convenienif the limits test window has been closed before.




If averaging is enabled the analyzer statderent averaging d&parameter.Measurement
accuracy and noise flogsimprovedat the cost of measurement time. Select the number of
measurementgyclesto be averagedIf necessary the averaging can be restarted by pressing the
"Clear" button.Averagings implemented asa gliding mean filter.

The instrument may measure in two distinct ways

Stimulus Receiver | Measurement De-Embed Memory

Port 1 Port 2
0.0 2 Port 1 extension g g 2| Port 2 extension
[ps] [ps]
0.0 £ Extension loss g ~] Bxtension loss
[GO/s] [GO/s]
50.0 2 Extension Z0 50.0 =/ Bxtension Z0
[Ohm] [Ohm]
Auto De-Embed P1 Auto De-Embed P2
[ l Full De-Embed Window l [

Figurel-34 Deembed section

Although the analyzeatoesfull SParameter deembedding, there is an additional simple line extension
feature, which can be controlled during measurement. This feature is used to extend (or shrink) a
virtual transmission line attached to eatl2 Ndal@ration plane. By careful adjustment a physically
attached transmission line can be eliminated in measurements by using negative delay values. The
transmission line length must be entered in picoseconds, further loss and the characteristic impedance
of the transmission line can also be adjusted. By pressing the "Fefinileed" button the De
Embedding dialog will pop up. The same function can be seléctde main windows drop down
menu. The Auto D&mbed P1/P2 button will open another two windows:

2 Auto Deembed =1 sl TevnAG00 L_L: E| X

Type of Termination

| S11

(@) Compensate to perfect Short
| Compensate to perfect Open

Transmission Line Parameter

0.0 + Extension length
[ps]

Extension loss
min. [GO/s]

0.0 - p.o - 100.0 =

max.

Extension Z0
min. [Ohm] max.

40.0 2 50.0 - 60.0 2
Error

Current Error: 0

Compensation
Start  Stop Back

Vo 9

e — e

Figurel-35 Auto DeEmbed Windows




The AuteDe-Embed function adds flexibility to a standard calibration, when additional transmission
lines are insertedAttacha shortor open to a transmission lindhen perform a measurement and
start to compensate either for a perfect short or open. The software will try to find the optimum
parameters for the closest match. When clicking "Back" the calculated values will be transferred to the
corresponding fields the window.

| Stimulus | Receiver I Measurement De-Embed Memaory L

Memory Slot 1 = | Select Memory Slot

Memory Slot Operation

Co[]ua){ from  Load from Save to Clear
a File File Slot

_ Valid

ad 5 4 5 4 - [] Data present
H B B

Figurel-36 Memory section

Fourmemory slots areavailableto store SParametes as a reference used in Trace measurement
functions. SParameter files can bienported from a driveor copied from the current measurement

As can be seen in the above, every memory slot can be edited and slot data can be even saved to disk.
(Touchstone format). The "Clear Slot" button will delete all slot data.

Measurement

single  cont stop Diagram Calibration [ Calibration Valid

QOO0

Figurel-37 The Measurement Panel

The buttons "single", "cont" and "stop" control the measurement. "Single" will initiate a single
measurement, while "cont" will perforncontinuous sweeg After each sweep any diagrams and
traces will be updated. The "stopltton interruptsa continuous measurement.

The diagram buttorgives access tall diagram related lists, diagrams and traces
The "Calibrationbutton opens the path tall calibration related submenus

The"Calibration valid'theckbox indicates the presence of calibration d&eecision measurements
can only be made with an active calibration. "Cal Clear/Edit" allowelect the current calibratioar
to clear an active calibratiorlternatively, calibration files can be accessed via the file menu




Frogress
| 0%

Utility

lﬂSpectrum Analysisl [ |ﬁ|[}sci|loscope l SW _Rev. 1.0.17

l _ Signal Generator l [ QRF Meters l [ Demod l

Figurel-38 Progress Bar and utility group

The analyzer features mamilities, which can be invoked by the corresponding bugtérhis
utilities are documented inchapter1.16. The progress bar shathe progress obngoing
measuremens.

Action
Connected Select Setup Quit

esew | ()

Figurel-39 Action Group

If the device is connected to the R@pon starting the analyzemapplication the software will
automatically attempt to establish a connectiofhe "Connected" checkboindicates the connection
status

The "Setup Selectognablesoading ofpredefined setups. These setups contain measurement
setups, calibration data, diagrams and traces. The "Save Setup" button allows to save the current
measurement setupAlternatively,setupfiles can be accessed via the file menu

The "Quit" buttonclosesthe application. Be sure to save all data before quitting the program.




1.12 Network Analyzer Calibration

The accuracy of a network analyzer depends on the quality of its calibration. Every setup needs a
individualcalibration. Tle calibration is performed by using precision calibration standards:

- Open (male and female) - Short (male and female)
- Load (male and female) - Through( male and female)

A single port calibration uses only the Open, Short and Load standard, while a fpltixealibration
utilizes all four standards.

The Open standard representan open transmission line, while the Short standaedshorted
transmission lines The Load standard is &%@rmination. TheThrough standards an unterminated
50 K transmission lineThese standards have vernccurately characterizetiéngth, impedance and
parasitic components.

The TBVNAOOO softwaregorovidestwo methods todefine calibration standards:
- Equationdriven - SParameter driven

Theequationdriven standards are represented by parametstugh adransmission line delay, loss,
impedance etc. while the -Barameter definitions simply use suppliedP&ameter files in
Touchstone(c) .s2p format.

The TBVNAoftware providesa guided calibration procedure to simplify and organize the process.

Sart the calibration procesby selectinghe frequency range, number of points, sweep type and
signal power in thé&timulus section, then press the "Calibration” button

Select Cal Type | Standards | Parameters | Measurement 4

Select Calibration Type

0 Full 2-Port Calibration ( ) Single 1-Port Calibration
() Forward Calibration (1 => 2) () simple Through Calibration
Selecting the type of calibration &

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

m

* Full 2-Port Calibration

This is the most accurate kind of calibration, and will enable the
measurement of all four 5-Parameters 511, 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 <

Back Next Tab

% o

Figurel-40 Calibration window




Next select the required Calibration Type:

* Full 2Port Calibration

This is the most accurate calibratiorquiringthe measurement of all four-Barameters in
magnitude ancgphase: S11, S12, S21, and $28.necessary tapplythe SHORT, OPEN and LOAD
Standards on both ports arahrry out ahrough measurement using the THROUGH standard.
Optionally, the 10term correctioncan be expandetb a 12 term correction by measuring the
ISOLATION properti€Bhis is performedby terminatingboth ports with a LOAD standard.

* Single tPort Calibration

This calibratiortype only allows accurate impedance/reflection measurements on Patit tequires
SHORT, OPEN and LG#gdndardsln comparison to the full-port calibration, the measurement
time is reduced by half.

* Forward Calibration

This calibration typaccuratelycalibrates Port 1 impedance utilizing SHORT, OPEN, and LOAD, and
normalizes the S21 parameter to the THROUGH standhelForward calibration does not include
S12 and S22herefore it will only approximate S11 and SZhe S11 and S21 measurements may be
affectedby the VNA's nosideal input impedance on Port 2. The advantage of this type of correction
technique is that iteducesmeasurenent time by half compared to ful-Port correction and

requires less time to change and measure calibration standards, while still provigowlansight

into two-port behavior.

* Simple Through Calibration

This is he least accuratebut fastestcalibrationmethod. It just compensates for the THROUGH
standard and is used tmeasuretransfer functions of filters and similarhere will be no impedance
measurements possible. However, it is still superior than a basic trace normalization.

After selecting the calibration type press "Next Tab"




Select Cal Type Standards Parameters Measurement E

Define Standards Load Standards Loaded Standard

-~ A
\ [ standards valid

VNA Standards Definition. &

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

m

* SHORT: A short circuit.

* OPEN: An open circuit.

* MATCH: A perfect load, a.e. 50 Ohms over a wide frequency
range.

* THROUGH: Basically a piece of well defined transmission line.

Ususally these kind of standards are either defined by certain v

Previous Tab Next Tab

Figurel-41 Calibration window, Standards Tab

Priorto a VNA calibration, the systemust"know" the properties of the relevantalibration
standards. In the "Define Standards" dialggu can characterizthe different standards as:

* SHORTA short circuit

* OPENARN open circuit

* MATCHA perfect loada50 Ohmterminationover a wide frequency range.
* THROUGHBAasically a piece @fell-definedtransmission line.

These standards are eitheharacterizedy their parasitic parametersr loaded as an-Barameter
file. Both options are viable.

However, it is impossible toalculatethe calibration coefficients without firsgetting upthe
calibration standardsr selecting predefined standards from a.list

Tekbox offers an assortment of calibration kits as well as the appropriate standard definition files
Use the button "Load Standards" $elect andoad the definition file into the softwarel'he software
Ffaz2 LINRQOARSA filg/withineithed lodsnér delay. Thig fppe NfRalibration is
appropriate when no connectorized standard can be utilized and calibration precision is less
important.

Once the standard is properly loadedd¢checkbox inicatetstandards valid" and the name of the
standard is shown in the "Loaded Standard" field.

It is also possible toonfigurethird party standards by pressing the "Define Standards" button.
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Figurel-42 Calibration window, Standard3efinition

There, you may insethe standard’s parametersr utilize an S1P or S2p touchstone compliant
scattering parameter file for each Port afad Through.
After entering alstandardparameters savethe data tocalibration standardile.

Select Cal Type | Standards | Parameters Measurement »

Cal Bandwidth Average Spur Reduction

13517.7 Bandwidth[Hz] |:| Spur Reduction

10 =/ Spur Calibration
= Tterations
|:| Average Enable

e Average Nmber

Factor [ Spur Calibration Valid

Accuracy Enhancement &
To further increase the accuracy of the calibration standards it is
possbile to include following measures:

* 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 aresolution of 0.25 Hz, The measurement time may

-

Previous Tab Next Tab

&) V)

Figurel-43 Calibration windowParameterTab

The parameter tab allows tadjustbandwidth and averagingettings used during the measurement
of the calibration standards. Thémablesfor amore accuratecalibration. Spur Reductiacanbe

used toimprovecalibration by detecting and eliminatirdpwn conversiommixing products.
However, Spur reduction comes with a 200?800 % increasm measurement time.




Select Cal Type | Standards | Parameters | Measurement EE

Calibration
valid valid

[ Measure SHORT Port 1 | [Measure SHORT Part2 | ||

[ Measurs opEN Port 1 | | measure oPEn Port 2 |

Optional

]
[ measure toap Port1 | 7] [ measure opportz | [
]

[ measure THRoUGH | || [ measure 1sotaTION |

[] 3.5mm to SMA Compensation

Calibration Measurements s

To perform the correct calibration measurement connect a standard
10 the corresponding port and press the "Measure 06" button.
Measurements not necessary for the current calibration type will be
disabled.

* Measure SHORT Port 1:
Connect the SHORT standard to Port 1 and press the "Measure =

Previous Tab Next Tab

G (V)

Figurel-44 Calibration window, Measurement Tab

The measurement tabdisplaysa pushbutton for each required calibration standard measurement.
The measurement tab shows a pdstitton for each required calibration standard measurement.
Connect the desired calibration standard to the TBVNA and then press the corresponding push
button to start the measurementollowing a successful measurement, the "valid" checkbox is
selected. Any PusButton can be hit many times if a-reeasurement appears to be necessary. If all
of the requisite "valid" checkboxes atbecked, the calibration measurements are complete. The
isolation measurement is optional and may extend the dynamic range of the calibration. If 3.5 mm
calibration standards are used on SMA cables, the "3.5 mm to SMA Compensation" option can be
selected o improve calibration accuracy.

After a successful measurement, the "valid" checkbox is checked. AmBRtish may be pressed
several times, if a Feneasurement seems required. If all required "valid" checkboxes are marked, the
calibration measurements are finished. The Isolation mesment is optional and my increase the
dynamic range of the calibration. If 3.5 mm calibration standard are used on SMA cables, the "3.5
mm to SMA Compensation" checkbox may be checked to increase the calibration accuracy.

e Standards Parameters Measurement Calculate E_

Calculate Calibration Coefficients Save Coefficients

H
Y

| cal Coeffs valid

Calculation of the Calibration Coefficients <

If all measurements in the previous tabs have been done and the
appropriate standards have been defined or loaded, it is now L
possible to calculate the calibration coefficients. By pressing the 3
above "Calculate Calibration Coefficients" button, the calibration
coefficients will be calculated over the setup bandwidth. The
calibration can be saved in the VNA main window menu: File->Save
Calibration. The calibration will be automatically saved with a "Save
Setup" command.

Please Note:
The calibration will become invalid if:

Previous Tab Back

€] 9

Figurel-45 Calibration window, Calculate Tab




Thefinal step is to press the "Calculate Calibration Coefficient” button. This will create the calibration
data set forconsecutiveneasurements. When the "Cal Coeff valid" Checkbtigked the

calibration procedure is complete. It is recommended to save the coefficients, since calilbakesn

time and the coefficienteanbe reusedor future measurements

Please Note:
The calibration will become invalid if:

* the frequency range changes
* the calibration type changes
* the sweep mode changes
*the Attenuator changes

* the instrument mode changes

However the change of bandwidth and port power will not invalidate a calibration, but may reduce the accuracy.

The BVNA interpolatenew calibration coefficientertheneverpossible such asfter changinghe
number offrequencypoints orchangingrequencyspan If the original calibration data is required
again, it may be loaded via the menu (Eilkoad Calibration) or by clicking the cal clear/edit button
on the main window

Working Cal Parameters
Start Frequency [Hz]
10.0M

Stop Frequency [Hz]
80.0 M

Foints
201

Revalidate

Background Cal Parameters
Start Frequency [Hz]

l 10.0 M

Stop Frequency [Hz]
90.0 M

Points
201

Set Backup
Clear

Close 6

Figurel-46 Cal Clear/Edit Window

The Cal Clear/Edit window allows simple manipulation of the active calibraigableCaibration
Parametersan beinterpolated from the original calibration data in the background memory. If a
calibrationaccidentlypbecomes invalid, theriginalCalbration Parameters can be restored by
pressing the "Revalidate" buttofo restore theoriginal background calibratiopressthe "Set
Backup'button. It will overwrite the working cédration parameters with the background
parametersThe"Clear"button deletesall calibration data.




"Save Setup" will save the calibration data along with diagrams, traceslatider configuration
data.

It is possible to perform measurements with the VNA with or without a valid calibration by pressing
one of the blue "Measurement" button3.he"single"button will initiate a single measurement, while
"cont" starts continuous measurements. The "stopbutton stops an ongoingcontinuous
measurement.

A Raw data of uncalibrated measurements can be utilized for normalizptigpose. This can be
done with the VNA, but would typically be applied to normalize measurements done with the Bode
analyzer.

In the "Bode"analyzemode, normalizationreplaces calibrationUseMemory data slots 4 to store
reference sweepssuch as for example a through connection between the BNC OUT Port and Port A
or Port B These reference sweeps cdnen beused to normalize measurement datatbe results of
measurement equations.

1.13 Measurements and Diagrams

By pressing théhe "Diagram” button on the main windoythe Diagram/Trace dialog will pop up.

BR . .
{2 Diagram List = %
Diagram List Diagram Trace List Trace
Add Diagrarn Add
@) Rect. Diagram Delete

(C) smith Diagram -
() Polar Diagram
Delete Diagram Edit

=) \

Rename Rename

= =0
|:| is visible

Quit
P

Figurel-47 Diagram/Trace Dialog

First choose the desirediagramstyle ¢ Rectangular Diagramyrith Diagram or Polar Diagramand
LINS&da GKS ! RR 5AF3ANIYE odzitz2y




Figurel-48 Default Rectangular Diagram

Figurel-49 Default Smith Diagram

Figure1-50 Default Polar Diagram
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Click at thediagram in the diagram list y R
to the diagram.

Diagram List

Diagram_1

Figurel-51 Diagram List

Diagram
Add Diagrarr

( ! Rect. Diagram

( Smith Diagram
@) Polar Diagram

Delete Diagram
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Rename
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is visible

Trace List
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Trace
Add

Delete
Edit
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Rename

==t

Quit
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The name of the diagraroan be changetly selecting the diagram's name in the "Diagram List" and
then pressing the "Rename" button.

A Thediagram typesuch asrectangular" , "smith" or "polar" cannot be changed after creating
the diagram.You can only delete it and create a new diagram.

A Closing a diagram will make the diagram invisible, although all data is retained. Select a

diagram in the diagram list and click the "is visible" checkbox to make the windappear.
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Figurel-52 Trace Edit Dialog
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The trace definition process starts from the left window side and ends at the right end of the dialog.

1. Select a source for the tracBy default, this ar¢he actual measured-Barametesor one
of four memory slots, which can be loadedhe mainwindows menuUnavailable sources
are grayedout.

o dzi
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A It is necessary to make at least one measurement or leBdr8meterdata from a file
into a memory slotin orderto create a trace.

2. Selecthe Trace FunctionM\NAmMode).Numerousgraph traces can be derived from the

measurement data

Trace Function

Description

<S11> Parameter

Si1 scattering parameter

<S12> $arameter

S, scattering parameter

<S21> $arameter

Sy scattering parameter

<S22> $arameter

S» scattering parameter

<Zin> Port 1 impedance

Complex impedance at Port 1 with termination on Port 2

<Zout> Port 2 impedance

Complex impedance at Port 2 with termination on Port 1

<VSWR_in>VSWR on port 1

Voltage standing wave at Port 1 with termination on Port 2

<VSWR_out> VSWR on port 2

Voltage standing wave at Port 2 with termination on Port 1

<Gvf> matched voltage gain forward

Complex YV;voltage ratiowith termination on Port 2

<Gv> matched voltage gaireverse

Complex WV voltage ratiowith termination on Portl

<Gf> matchedcurrentgain forward

Complex /I current ratiowith termination on Port 2

<Gir> matched currergainreverse

Complexdll;current ratiowith termination on Portl

<k> stability factor

Stability of a two portif k > 1

<Gms> maximum stable gain

Maximum stable gain of a two port

<Gmax> maximum available gain

Maximum available gain of a two port

<Gvfo> open output voltage gain forwar

Complex YV, voltage ratiowith openPort 2

<Gifs> short output current gain forward

Complexdll;current ratiowith openPort2

<Gvfa> arbitrary load output voltage gai
forward (use optional value)

Complex YV voltage ratiowith resistance on Port 2 given by the
optional input field.

<Gifa> arbitrary load output current gain
forward (use optional value)

Complex 4/l current ratiowith resistance on Port 2 given by the
optional input field.

<series RC>R in series equivalent, Rea
=R, Imag=C

Calculates £ equivalent series circuit froBi;. Resistance in Ohm ig
the realvalue, capacitance in farad is the imaginary value.

<parallel RC>-R in parallel equivalent,
Real =R, Imag=C

Calculates & equivalent parallel circuit fro® ;. Resistance in Ohm
is the realvalue, capacitance in farad is the imaginary value.

<series LR>-Rin series equivalent, Real
R, Imag =L

Calculates R equivalent series circuit fro8;. Resistance in Ohm is
the realvalue, Inductance in Henry is the imaginary value.

<parallel LR>-R in parallel equivalent,
Real =R, Imag = L

Calculates R equivalent parallel circuit froif 1. Resistance in Ohm
is the realvalue, Inductance in Henry is the imaginary value.

<Z11> Parameter

Z11 impedanceparameter

<Z12> Parameter

Z1, impedanceparameter

<Z21> Parameter

Z>1 impedanceparameter

<Z22> Parameter

Z>; impedanceparameter

<A> ABCIParameter

A- ABCD parameter.

<B> ABCIParameter

B- ABCD parameter.

<C> ABCParameter

C- ABCDparameter.

<D> ABCIParameter

D- ABCD parameter.

<TDR_S11_LP_RW>

Time Domain convertef; parameter, using a low pass
characteristics, DEfmax conversion using no window function.

<TDR_S11_LP_HW>

Time Domain convertef; parameter, using a lowass
characteristics, DEfmax conversion using a Hamming window
function.

<TDR_S11_BP_RW>

Time Domain converte§; parameter, using a band pass
characteristics, fminfmax conversion using no window function.

<TDR_S11_BP_HW>

Time Domain converte§; parameter, using a band pass
characteristics, fminfmax conversion using Hamming window
function.

Figurel-53 Available Measurement functien




Trace Function

Description

<TDR_S21_LP_RW>

Time Domain converte&; parameter, using a low pass characteristics,
DC- fmax conversion using no window function.

<TDR_S21_LP_HW>

Time Domain converte&; parameter, using a low pass characteristics,
DC- fmax conversion using a Hamming window function.

<TDR_S21_BP_RW>

Time Domain converte®; parameter, using a band pass characteristic
fmin - fmax conversion using no window function.

<TDR_S21_BP_HW>

Time Domain converte®; parameter, using a band pass characteristic
fmin - fmax conversion using Hamming window function.

<TDR_S12_LP_RW>

Time Domain converte8; parameter, using a low pass characteristics,
DC- fmax conversion using no window function.

<TDR_S12_LP_HW>

Time Domain converte8;parameter, using a low pasbaracteristics,
DC- fmax conversion using a Hamming window function.

<TDR_S12_BP_RW>

Time Domain converte8; parameter, using a band pass characteristic
fmin - fmax conversion using no window function.

<TDR_S12_BP_HW>

Time Domain converte8; parameter, using a band pass characteristic
fmin - fmax conversion using Hamming window function.

<TDR_S22_LP_RW>

Time Domain convertefp, parameter, using a low pass characteristics,
DC- fmax conversion using no window function.

<TDR_S22_LP_HW>

Time Domain convertefh, parameter, using a low pass characteristics,
DC- fmax conversion using a Hamming window function.

<TDR_S22_BP_RW>

Time Domain converte&;,parameter, using a band pass characteristic
fmin - fmax conversion using no window function.

<TDR_S22_BP_HW>

Time Domain convertefh, parameter, using a band pass characteristic
fmin - fmax conversion using Hamming window function.

<Gtp> Transducer Gain

Calculates the two port transducer gain using an arbitrary output Port
load defined by the optional value

<Q> Quality factor

Calculates the Quality factor from tl8 parameter. (Divides imaginary
impedance by real impedance)

<IMP series>

Impedance measuremepseries method

<IMP shunt>

Impedance measement, shunt method

Figurel-54 Cont. Available Measurement functions

In Gain / Phase MetéBode mode (BODEbption required, following traces / measurements are

available
Trace Function Description
<CH 1> Voltage Channel 1
<CH 2> Voltage Channel 2
<CH A> Voltage Channel A
<CH B> Voltage Channel B
<CHA/CHB> Channel A to Channel B ratio
<CHB/CH A> Channel B to Channel B ratio
<CHA/CH 1> Channel A to Channel 1 ratio
<CH A CH 2> Channel A to Channel 2 ratio
<CH 1/CH A> Channel 1 to Channel A ratio
<CH 2 /CH A> Channel 2 to Channel A ratio
<CHB/CH 1> Channel B to Channel 1 ratio
<CHB/CH 2> Channel B to Channel 2 ratio
<CH 1/CH B> Channel 1 to ChannelrBtio
<CH 2/CH B> Channel 2 to Channel B ratio
<CH 1/CH 2> Channel 1 to Channel 2 ratio
<CH2/CH 1> Channel 2 to Channel 1 ratio

Figurel-55 Cont. Available Measurement functions for OptRDDE




2) Selectthe Display Function. The Display function will be applied on the TFanetion (TF).

Display Function Description

Magnitude Equals to |TF| or abs(TF)

Phase Equals to arg(TF) in Degrees

Magnitude in dB Equals to 10*log(|TF]) oL0*log(abs(TF))

Real Equals to real(TF)

Imaginary Equals to imag(TF)

Complex Only used in Smith diagrams and equals to T

Delay EqualstoR., K R. = (GKS RSNA QD
frequency

Loaded Q EqualstoR. K R. F . KH

Figurel-56 Available Display Functions

4. Select a source to normalize measurement. This can be used for simple calibration, or other

relative measurements.

5. Select axis for rectangular diagram. Since rectangular diagrams may have a right-axisft Y

the function can be assigned to either of them.

6. Set options: For Delay and loaded Q Measurement the Aperture can be set, to get a less

noisy result. Default is an aperture size of 0.125% of the total frequency range. Some trace
function need an optional value, this value can be set in the optidgaldl fFurther the systemyZ

can be setto a specific value. All subsequent calculations will use this characteristic impedance

Zoas a basis.

Unlike defining an output trace by selecting all 6 steps like in the last chapter it is possible to define
an output equation, which will be used to generate the display trace. The equation can be entered in

the text field, and activated by checking thegti&tion" check box.

The equation editor supports following standard operators, with declining binding priority:

Operator

Description

N

Power function

Multiply

Divide

/
+

Add

Subtract

Figurel-57 Equation Standard Operator




Furthemore, the equation editor supports standard brackets () and floafieint numbers and
following built in constants and variables

Constant/Variable Description

FREQ Frequency

W Frequency * 2 * PI

Pl 3.14159...

lorJ Complex imaginary unitsgrt(-1)

VAR_A The value of the VAR_A field in the trace edit
dialog

VAR_B The value of the VAR_B field in the trace edit
dialog

VAR_C The value of the VAR_C field in the trace edit
dialog

Figurel-58 Equation built in constants or variables

Following source variables are available

Source Data Description

S Measured SParameters

M1 SParameter Memory slot 1

M2 SParameter Memory slot 2

M3 SParameter Memonglot 3

M4 SParameter Memory slot 4

CH Channel voltage select (in Bode mode only)

Figurel-59 Available source data identifiers

Every source variable consists of 4 parameters, or specifies a channel (in gain/phase mode9 which
can be accessed by a dot and following the parameter kind as:

Parametertype Description

SParameters
T-Parameters
Z-Parameters
Y-Parameters
ABCDBParameters
Channel 1 (in Bode mode)
Channel 2 (in Bode mode)
Channel A (in Bode mode)
Channel B (in Bode mode)

WX NP> <INHlW0n




Figurel-60 Available source data parameters

Theparameter identifier is attached to the parameter typeith no spacein between the two

Parameter identifier

Description

11

X1 Parameter

12 X12 Parameter
21 Xo1 Parameter
22 Xo2 Parameter

Figurel-61 Available parameter identifisr

For example: S.Zlisthe Z11 parameter of theneasured SParameters, M1.T2ikthe T21

parameter of memory slot 1. In gain phase mode, the only valid paramateGH.1, CH.2, CH.A and
CH.B. When gain phase mode is sele@idther parameters become unavailable, while in VNA
mode the CH parameter is disabled anduld produce a syntax error.

Furthemore, variousfunctions f(x)can beapplied onthe parametersabove:

Function Description

REAL() Real part of complex number
IMAG() Imaginary part of complex number
ABS() Absolute value of complex number
ARG() Phase of complex number in radians
DB10() 10*log10(x)

DB20() 20*log10(x)

LOG() log10(x) logarithm to théase of 10
LN() In(x) logarithm to the base of e
EXP() e to the power of x

SQRT() Square root

SIN() Sine

COS() Cosine

TAN() Tangens

COT() Cotangens

ASIN() Arcussine

ACOS() Arcuscosine

ATAN() Arcustangens

ACOT() Arcuscotangens

SINH() Hyperbolic sine

COSH() Hyperbolic cosine

TANH() Hyperbolic tangens

ASINH() Arcus hyperbolic sine

ACOSH() Arcus hyperbolic cosine

ATANH() Arcus hyperbolic tangens
TO_IMAG() Convert from real to imaginary

TO Z() Convert from reflection tampedance
TO Y() Convert from reflection to admittance
TO _VSWR() Convert from reflection to VSWR
CONJ() Make conjugate complex

Figurel-62 Available functions




A The equation editor wilimmediatelydisplay any syntax errors on pressing <return>. Source
variables are only accessible if they exist, otherwise there will be an@mrentry.

1.14 Diagram Operations

Al TBVNASsliagrams follow the sameonceptand are explained in the same chaptiiot every
procedure or setujs possiblefor everydiagram Someare applicatiordependent.
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Figurel-63 Example; rectangular diagram

There are many setup, display, and manipulation options available, which will be described in the
correspondingchapters.

The diagram window can h@acedanywhere on the scredr)using conventional Windows
manipulation methods such as moving the window title Battjustingthe size of the window will
automatically scale its contents and traces. To preweintowsfrom disappearing, some apps may
deactivatethe close window button.

Each diagram can e 3 f dpSHe éssociated GUI dialog torother diagrams. Tdo sq pressthe
<CTRL> or <STRG>While dragging windowtowards an adjacent windowEach window can be
attachedto the right or bottom side of madjacentdiagram or GUI panel. Either at the cenof the
edge or at the corner. If the diagram is close enough, itswdbto the other windowupon releasing
the left mousekey.
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Toremovethe gluepoint, pressthe left mousekey and drag the diagram away from the window it is
attachedto.

The Output menu bar provides the following operations

1 Print
This resizes the window to the current set printer page size and prints the diagram to the
current printer.
1 Copy to Clipboard
This will transfer the diagram's bitmap in its current size to the cliphoard
1 Savelmage
This saves the bitmap of the current diagram to disk.

Select Size
() Save image in current width x height: 1114 x 719
0 Save image with size: 1280 |5 pixel width
800 |2| pixel height

Format
@ 8MP () PNG (D) PG

.
B2l sae Q—g Back
e '
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M1 Close
Closes the current diagram. The diagram will disappear.

There areseveraloptionsto openthe diagram properties dialog.

1 Rght click on an empty section of the diagram and select "Edit Diagram propddies"
display the context menu

Edit Diagram properties [

1 Following dialog -Wi|| pop up, when doulikcking oran empty section of the diagram and
aStSOGAY3 GKS Gt NPLISNIAS&Ed AGSY FTNRBRY (KS
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Use the YAxis tab toconfigurethe Y-axis parameterdDepending orthe utility, various fieldsnay be
disabled For examplein spectrum analyzemode, you have tause the analyzer menu to scale the Y
axis.The Yaxis labeling may have two sides: left and right, which share the same grid lines but differ
in offset, scalingand measurement unitlf necessary, the rightgxis can be activated. Traces can be
assignedo the left or right axisk.g. gain to the left-#xis and phase to the rightakis.

Control Loop Stability

‘Gain Magnitude [dB]
e =
=
Gain Phase []

100 1.0k 100k 100.0 k 500.0 k
Frequency[Hz]

Figurel-67 Diagram with twoindependentlyscaled yaxis

The "Label" fieledorresponds withthe label displayed next to the axis, whereas the "unit" field
contains the unit of the displayed traces. The "Short Label" field is utilized elsewhere, such as
markers, and should be kept brief in length. The minimum value represents the axis's botteam va
while the maximum represents the top valuEckthe "logarithmic" checkbox to make the y axis
logarithmic, and enablauto scalaf desired.

Select'Dark Background"if youprefer a dark design style.

Input voltage

Figurel-68 Dark style diagram

1 The "Setup Axis" button will open a new window that allows you to comfortably scale the y
axis. This menu can also be launchedibyble-clicking on the graph window'saxis.
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Figurel-69 Y-Axissetup tab




Use theY-axis dialog tachange the number of vertical gridlindent sizeand axisaccuracy (number
of displayed digitsMoreover, you can setup thaxisin relation to the reference levebr by setting
minimum andmaximum leves.

| Y-Axis | H-Axis | Traces

X-Axis Common Diagram Setup
Label Diagram Title
Frequency[Hz] 1
Unit Short Label Grid Width [%]
H fr
iz req 0 5
Limits
Minimum Maximum Border Width [%
10.0M 100 M 50 =
Other
D Logarithmic
Decade Grid oL
Divisions
"] Auto Scale 5 =
Setup Axis
L
Setup -
Back )
|| park Background Source \F)

Figurel-70 X-Axis setup tab

Use the Xaxis tab to onfigure labelsand the displayed frequency rangihe xaxis can beet to
either linear odogarithmicscaling and Auto Scale can be enabl&kcade Grid will let the
logarithmic scale always use 1, 10, 100 divisiBos.comfortable scaling, press the Setup Axis
button.
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Figurel-71 HorizontatAxis setup tab

Doubleclicking the XAxis in the graph will also bring up the Setup Horizontal Axis menu, which
provides quick access to scaling options.




¥ Preferences = x

Y-Axis  X-Mxis  Traces

Trace Select

Limit QP Setup Appearance
Limit AVG

Trace AV Setup Source
Trace CAV

Trace QP
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Y

|7 | saveTraceData
Create Copy of Trace
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Figurel-72 Traces setup tab

The Traces Setup tab shows a list of all the traces assigned to the di&yemsing the "Setup
Appearance" button allows you to fitene each trace's setting8Setup Source" is only enabled if
the trace generating application permits to edit the tradata generation setup. An application
specific dialog will appear to configure further trace details.

Traces can be loaded and saved to/from the diagram, but once loadedigplawyeddata is static
and will not be modified by current or future measurents. Saved/loaded traces are used to
document modifications or simply for comparis@acopycan also be made fromselected trace,

but it will bea staticduplicateand unaffected by measurements. Traces can alsodbetedif the
application supports it. Certain traces are locked and cannatdb&ted Moreover, trace data can be
exported into a.csv file for external processing.

The Checkbox "Use Horizontal List for .csv export" will use an external liakisfwalues (for example
frequency values), interpolate the corresponding Y value from the trace for eaxis xalue in the list
and save this data to the .csv file. Tlsisiseful when the internalxalues do not match the intended
x-values. The data format is a simple text file with onsabue(frequency pointper text line.
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Figurel-73 Trace appearance setup




The "TraceAppearance" dialog allows you to specify additional settings for the selected trace. You
can change the trace name, click on the color wheel to change the trace color or change the line
width of the trace.

The interpolation section facilitates to use "f@pl' interpolation between datgoints.

Under certain conditions, spline interpolation may cause emenndershoot of
& the displayed graph. If you suspect rphysical behaviod ¢ A 4 OK { 2
YY 26y tasdXofhpades

"Show known Points" will display Dots for each "real" measurement point.

Input voltage

. Input voltage

2 200u

150 u 150 u

100w 100u
AU 5 60 u
i 0 S = - 0 = !
2 S0u g S0u o

00w A00u

150 A50u

-200 u -

45.00u 46.00u 47.00u 48.00u 49.00u 50.00u 51.00u 5200 u 63.00u 54.00u E5.00u 0 45.004 46.00u 47.00u 48.00u 49.00u 50.00 u 51.00u 6200 u 53.00u 54004 5500 u
Time Time

Figurel-74 Displaying real data points (Show Known Points) Same data points, spline enabled

The Trace Type section allows you to configure the trace data representation. The "Vertical Bars"
setting will display the above data as:

Input voltage

Voltage Input
5 °
e

-100 u t
-150u T

-200 u
45.00u 46.00u 47.00u 48.00 u 49.00 u 50.00 u 51.00 u 52.00 u 53.00 u 54.00 u 55.00 u
Time

Figurel-75 Same data points with vertical bars enabled

Another type of data representation is the "parametric" representation, which is only used in polar
plots and smith diagrams and includes complex numbers.

Another useful extension is the application of Persistency. This concept dates back to the analog
oscilloscope storage CRT technology. A displayed trace will have some afterglow and become
increasingly transparent with each subsequent measurement. The aurob traces stored in
"Afterglow" can be configured, with the oldest one having the highest transparency. However,
"Constant Transparency" can be enabled, displayingrelioussweeps with the same transparency.
Additionally, the color of the transparey can be adjusted.




Figurel-76 Diagram with ten traces, persistency with fading transparency and oreolger
Moreover, the appearance setup dialog allows to save the trace data or to export it into a .csv file.

1.14.4 Quick Diagram Setup

Figurel-77 Content that can be edited directly

Doubleclicking within the areas shown above allows you to enter data directly without having to
navigate through the menu bar.

i Setup Asis = m] X
Title SS——
521 Divisions Font Scaling %
10 . 70 E [ Auto Scale

Axis Accuracy
Back 1 E| increase/decrease number of digits

Setup Horizontal Axis

by Reference Division
Reference Line O Left © md ) Right Apply

m Text ? X

Reference Level Value per Divion
) 15.1M 3.0M
X-Axis Label by Min/Max
Apply
Frequenq' Left Value Right Value

150k 30.0M 0

P $

Figurel-78 Example; dialogs upon doubdéicking on diagram content
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Any trace can be marked with a single left click. The trace will be highlighted in yellow color.
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Figurel-79 Highlighted trace

The following key/mouse combinations work on a highlighted trace:

1 <Delete>
Will delete the selected trace, if the application allows it.
1 <Ctrl>+C

Will make a copy of the currently selectrdce.
1 Mouse doubleclick
Will open the trace appearance setup dialog.

You can also use the menu: DiagranCopy Trace to make a copy of the selected trace.
Certain applications, such as the oscilloscope, allow you to offset a trace by draggivgs will

appear in tracecolor to the right and left side of the diagram, showing the actual "zero" position of
the trace.

Input voltage

400 u
300 u

200 i gl et
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Figurel-80 Trace with 200uV offset

Use this function to offset multiple traces with the same zero position, improving visibility.




Right clicking a highlighted trace brings up a context menu:

Center Trace

Edit Trace properties
Copy Trace

Hide Trace

Delete Trace

Figurel-81 Trace context menu

1 Center Trace
Removes any display offset
9 Edit Traceproperties
Opens the trace appearance dialog
1 Copy Trace
Creates a copy of the selected trace
1 Hide Trace
Makes a trace invisible without deleting it. To restore trace visibility, select the "is visible"
checkbox in the trace appearance dialog of the Diagram Properties menu.
9 Delete Trace
Deletes a trace, unless it is locked

To improve readability when there are multiple traces in a diagram, a legend label displays trace
names and their corresponding tracelours Create a legend for a diagram by:

9 Selecting the Diagram mena Add Legend
1 Or key combination<Ctrl> + L

s21 s21
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g-wu L= b 400 o 8
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-80.0 AT A L 180 10.00M 2800M 46.00M 6400M B200M 100.00 M
10.00M 28.00M 46.00M 6400M 82.00M 100.00 M Frequency[Hz]
Frequency[Hz]
Figurel-82 Legend label, displayed in the diagram corner S21trace set invisible

Trace visibility can be controlled by clicking on the boxes in the legend’s trace list. Moreover, this
feature helps to identify traces.




Use labels to add customized text to the diagram. Each label can have up to 3 text lines.

Figurel-83 Example label

Lines
Marker Text Line:

This is @ text ling]

Number of displayed lir 1

-

Eack(}%)

Label editor

The Diagram / Add Label menu brings up a label editor where you can enter up to three lines of text.
Existing labels can be moved, deleted, or edited.

T

Move:
Drag and drop
Delete:

Left click the label to highlightim red Press the <Del> key or right click the label to access

the context menu.
Edit:

DoubleClick the label or select the label, open the context menu and select "Marker

properties".

To pan the display, click on an empigaof the diagram and move the mouse while holding down

the left mouse key. It is able to pan along the X, Y, or both axes. The pan step width might be either
one vertical or horizontal grid section. Please be aware that certain applications may have edevent
panning and taken control of the diagram's position. Once a second right y axis is enabled, panning
can be done on the left, both, or just the right Y axis.
The diagram area is divided into 3 horizontal secttorselect the desired axi®epending on where
the mouse pointer is first clicked for panning, the corresponding axis is selectedeiitieearea
selects both axes.
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Figurel-84 Y-Axis selectioareas
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The panning step grid can be disabled by pressing the modifier keys while panning, allowing for fine
panning.

9 <CTRL> + Horizontal pan
1 <Shift> + Vertical pan

Certain applications disable fine panning.
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Figurel-85 Horizontal Zoom selection areas

Horizontal zooming is done by using the mouse wheel without pressing any modifier keys or mouse
buttons. Make sure the diagram window is active. The type of horizontal zooming is selected by the
position of the mouse pointer. If the mouse pointer is pasigd in the left area of the diagram while
using the mouse wheel, the diagram's start position will change while the horizontal end position
remains steady. Assume the trace is fixed in the above diagram at the right 100 us position, while the
left side zoms in or out.

The same thing can be done on the opposite side. If the mouse pointer is near the center of the
diagram, the zoom will keep the center value (above, the 50 us position) fixed while zooming the left
and right sides in or out.

Please note that zooming can be disabled by some applications.

9 Vertical Zoom
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Figurel-86 Vertical Zoom selection areas




The vertical zooms function similarly to the horizontal zoom. To zoom vertically, use the mouse

wheel with the key pressed. Depending on where the mouse pointer is located in the diagram, the
upper, lower, or center sections remain fixed while the othersra. Please take note: The section

where the mouse pointer is located will be zoomed. The other side remains constant. For the center
section, the center value remains constant. In the case of two Y axes enabled, the above diagram can
be further sectioneds follows:
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Figurel-87 Further Zoom selection areas

In total, the diagranis divided into nine sections, with the mouse pointer allowing you to select the
Y-axis and side to zoom in on.

Scaling is selectable by the diagram menu "Scaling" and relates to one time or continucas@mto
where the diagram’s traces determine the X and Y position as well as scaling.

9 Scale vertical (left and right);alternatively use the <v> key
Both Y axes (if available) will be zoomed to show all traces in the diagram window. Some
margin at the top and bottom will be inserted.

1 Scale vertical left; alternatively use the <I> key
Only the left axis will be zoomed to show all traces in the diagram window. Some margin at
the top and bottom will be inserted.

9 Scale vertical right also use the <r> key
Only the right axis (if available) will be zoomed to show all traces in the diagram window.
Some margin at the top and bottom will be inserted.

EnablingAuto scalewill always try to display all traces within the window.
However,Auto scalewill not be available within all applications.

Horizontal zoom out is useful for1mentering a trace in the horizontal axis and can simply undo huge
magnifications and pan. The <h>key also allows for horizontal zoom out.




Markers are used to highlight certain values on traces or to indicate limits in diagrams. The following
markers are available:

Normal marker
Delta Normal Marker
Vertical Line
Horizontal Line

= =4 =4 =4

Normal Markers
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Figurel-88 Normal Marker without reference

A Normal marker can be added usimgp methods:

1 Menu: Marker> Add Marker
1 <CTRL>+ M key

A normal marker consists of two components: The box and the reference line, with a little rectangle
at the end.

Marker 3
no reference

Figurel-89 Marker components

Both components can be selected and moved. To pick the reference line componerantithe

little rectangle.

The box can be moved tosaitablelocation on the diagram, while the little rectangle can be dragged
to and along a trace, with the marker always jumping to the trace that is closest to the little
rectangle. The reference line connects the tiny rectangle to the marker information box.




Marker 3
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Figurel-90 Marker locked to a trace Marker and DeltaMarker locked to the same trace

To move the marker to another trace, simply click onto the little rectangle and drag it theieed
trace. Once it gets near, it will snap to the trace.

To create a regular delta marker:

1 Menu: Marker> Add MarkeDelta
1 <CTRL> + D key

The resulting delta marker will always reference the most recently created normal marker on the
same trace.

The delta marker will display both the delkaand deltaY value. More options are accessible in the
marker properties dialog, which will be detallé&ater.

To delete a normal marker:

9 Select Delete from the context menu
1 Press the <Del> Key

Markers can also be movedith the keyboard:

Select the little rectangle of the marker with the mouse.

Use <arrow left> or <arrow right>keys to move the marker.

Use <SHIFT> + <arrow left> or <SHIFT> + <arrow right>keys to move the marker in smaller steps
Use <CTRL> + <arrow left> or <CTRL> + <arrow right>keys to move the marker in very small steps

Select a marker and rigiddick the mouse t@ccess the context menu:




Marker to X Value

Find Marker Max

Find Marker Min

Marker Properties

Center to Marker

Marker to Center

Find Marker Mext Peak Right
Find Marker Mext Peak Left

Find Marker Mext neg. Peak Right
Find Marker Mext neq. Peak Left
Find Marker Mext Valley Right
Find Marker Mext Valley Left
Find ¥ Value

Find next ¥ Value Right

Find next ¥ Value Left

Add Bandwidth Markers
Track ¥ Value

Track Max Value

Track Min Value

Delete

Figurel-91 Normal Marker, Context Menu

1 Marker to X Value
Opens a little dialog, showing the marker’s curreimalie. Change this value to move the
marker to the desireghosition.
I Find Marker Max
The marker will move to the maximum Y value of the referenced trace.
M Find Marker Min
The marker will move to the minimum Y value of the referenced trace.
1 Marker Properties
The Marker Properties Dialog will open.
91 Center to Marker
Centers the saxis to the currenty’ | NJ Spudition.
91 Marker to Center
The marker position will move to the horizontal center of the diagram.
1 Find Marker Next Peak Right
Searches foanother peak to the right of the current position.
M Find Marker Next Peak Left
Searches foanother peak to the left of the current position.
9 Find Marker Next neg. Peak Right
Searches foanother negative peak to the right of the current position.
1 Find Marker Next neg. Peak Left
Searches foanother negative peak to the left of the current position.
9 Find Marker Next Valley Right




Searches dcal minimum between two peaks to the right of the current markermoXition.

1 Find Marker Next Valley Left
a S| NJodalSminitmum between two peaks to the left of the current markersoXition.

I Find ¥value
Opens a dialog box asking for-&afue.Searches thdiagram from left to right for the
selected valuend, iffound, place the marker there.

1 Find next Y value right
Opens a dialog box asking for-&afue. Searches the diagram from the current markers
position to the right for the selected value arntifound, place the marker there.

I Find next Y value left
Opens a dialog box asking for-a#afue. Searchethe diagram from the current markebs
position to the left for the selected value and, if found, place the marker there.

1 Add Bandwidth Marker
Opens a dialog box, by default set-8(for-3dB bandwidth). It is assumed that the current
marker is positioned on the peak of a resonance or filter center frequency. Delta markers are
added to the right and left side of the current marker, with theivdfue matching the offset
specified in the dialog box.

1 Track Yvalue
During continuous measurements, the marker will aim to keep-itale at the current
level, and the x position will automatically update at each sweep.

M Track max value
During continuous measurements, the marker will aim to keep-italye at the maximum
level and the >position will automatically update at each sweep.

I Track min value
During continuous measurements, the marker will aim to keep-italiYe at the minimum
level and the >position will automatically update at each sweep.

91 Delete
Deletes the current marker. This option is disabled for particular markers in specific
applications, such as the trigger levehrker, forexample.

Marker Name
Marker 1
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Z(real/imag) Z(mag/phase)
Delta Marker Reference

Delim (e Reference Marker Select

Back Q;j

Figurel-92 Marker Properties dialog




Use the Marker Properties dialog éalit following marker settings:

T MarkerName

9 Axis Accuracy (Display more or less decimals)

1 In Smith Charts: Unit of the reflection coefficient (disabled)

9 Turn a marker to a delta marker and select the reference marker from a list.
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Figurel-93 Vertical line

To make a vertical line, select the menu:
Marker-> Add Marker VLine

The vertical line can be dragged to any desiret)e, and the current-Xalue will be displayed
along the line. The context menu will allow you to open the properties dialog or delete the marker

Marker-> Add Marker VLine Delta

adds a Delta Marker vertical line. The most recent Vline Marker is used for reference. Using the
properties editor, other VLine Markers can be selected as reference.

Markers can also be movedith the keyboard:

Select the little rectangle with the mouse.

Use <arrow left> or <arrow right>keys to move the marker.

Use <SHIFT> + <arrow left> or <SHIFT> + <arrow right>keys to move the marker in smaller steps

Use<CTRL> + <arrow left> or <CTRL>+ <arrow right>keys to move the marker in very small steps




Horizontal Line:
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Figurel-94 Horizontal line

To make a horizontal line, select the menu:

Marker-> Add Marker HLine Left

or

Marker-> Add Marker HLine Right (referenced to the right axis if available)

Thehorizontalline can be dragged to any desir&galue, and the current-value will be displayed
along the line. The context menu will allow you to open the properties dialog or delete the marker

Marker-> Add Marker HLine Delta left
Marker-> Add Marker HLine Delta right (referenced to the right axis if available)

adds a Delta Marker horizontal line. The most recent Hline Marker is used for referencethdsing
properties editor, other HLine Markers can be selected as reference.
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Figure1-95 Horizontal line on diagram with two-akes




With two y-axes enabled, extending the HLine Marker to the leftigint side will indicate which axis
the marker is referring to.

The Marker menu includes the following additional functions:

Delete Marker (deletes selected marker)

Marker find max (finds maximum of currently selected normal marker)
Marker find min (finds minimum of currently selected normal marker)
Marker to center

Centers the saxis to the current marker’ s-position

= =4 =4 =4

Markers can also be movedith the keyboard:

Select the little rectangle of the marker with the mouse.

Use <arrow left> or <arrow right>keys to move the marker.

Use <SHIFT> + <arrow up> or <SHIFT> + <arrow down>keys to move the marker in small steps
Use <CTRL> + <arrow up> or <CTRL> + <arrow down>keys to move the marker in very small steps.
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Figurel-96 Smith Diagram with marker

Smith and polar diagrams can only use normal maraadsdelta markersDouble-clicking on the
marker will open the marker setup dialog.

Marker Name
Ref: Marker 1

Left/Right Axis Accuracy
0 4 increase/decrease number of digits

Base AXis ACCUracy
0 +  increase/decrease number of digits

Smith Chart Marker Setup
#¥real/imag () mag/phase
(7)) Z(realfimag) *) Z(mag/phase)
Delta Marker Reference

] petta Marker Reference Marker Select

Marker 1

Back (@

Figurel-97 Marker Setup Dialog




For Polarand SmithPlots themarkertext can be configured tdiplayeither:

Real and Imaginanyart

Magnitude and Phase Display

Z (eq. impedance) in real and imaginary value
Z(eq. impedance) in magnitude and phase value

= =4 =4 =4

1.15 The Main Dialog Menu

This menu items are used to load a new calibration set or save the current calibration.

The TBVYNA6000 setup enablesconvenient preseration of a prior system state. Once all diagrams,
traces and calibratioare defined, the save setup command will save all the data to ¥igli.can load
the setup files for later measurements with the same set@nce it is possible to define an arbitrary
number of setups, switdhg to a different workbench is a matter of a click. Furtimere, there is a
quick setup select box in the lower right corner of the main dialog.

Select Setup

None = Save Setup

All setups saved in the "Setups" folder are listed in the setup sefelosdbx. A single drop down select
will switch to different setups.

The Save-Barameter menu item will save the current measurepasameter in the popular
Touchstone .s2p file format.

The select home path command will allow to change to a different home path than the
<USERS$=CURRENT_ USERKBoXTBVNAG00Ofolder.

The default folder uses following swlirectory structure to save data:

Calibration
Data
EMI_Correction
Reports
Settings
Setups
Standards

Sys

Traces

Waveforms

Figure1-98 TBVNA600Ouser directories.




It is recommended to keep this folder structure, simagioussystem functions usi. Once a new
home path has been chosen, the setup is changed irstihelirectory

<Program Data>TekBoXTBVNA6000

syste..l=l 51| 3
Test Result
FPGA interface oK
PSRAM oK
FPGA MMCM oK
DDS_PLL oK
DDS_ACCESS oK
ADC_PLL oK
ADC oK
| swwTH3G oK
Versions
Firmware Version: 1.7
FPGA Version: 2.3
Software Version: 1.0.17
g N
\")j Back

Figurel-99 TBVNA6000system test.

The system testhecks system healténddisplayssoftware andhardwarerevisiors.

System Update and Calibration is locked by a password. In order to enable these menus, it is necessary
to unlock these functions first. After installation no password is set, so by unlocking the system
functions it is sufficient just to press enter wheretpassword request dialog appears. However it is
highly recommended to define a password to protect the device from an unintended calibration
attempt or software update.

The defaulpasswords pressing <ENTER>. It is recommended to configure youpasgword.

& Select a safe password to protect th8VNAG00Q
It isalsorecommended towrite-protect the file
<Program Data>TekBoXTBVNA6000 app_config.cfg

andgrantownership only to the system administrator




This menwcan only be accessed after entering the passwéallowing dialog will appear:

Operation

Save Full Calibration

Load Full Calibration

Load S-Analayzer Cal

Load Scope Cal

Load Generator Cal

Q')) Quit

FW update

FW update uC

FPGA FW update

Figurel-100 System Service dialog.

You carsave or load théactory HW calibration data (i Calibration). it is recommended to store a
backup of the calibration data in a safe place. Furthene, it is possible to restore only partial
calibration data from the backug.his menu also enabld8BVNA6000microcontroller and FPGA
Flashfirmware updates

A Do Not unplug th&BVYNA6000during a Firmware update or Calibration ldglprocess! After
aFW update, wait 10 secondsid performa power cycle!

The memory slots are used to stord’Srameter as a reference used in Trace measurement
functions. SParameter files can be either loaded from disk or copied for the current measured S
parameters.

Memory Slot 1
Cnd:uy from Load from  Save from Clear
ata File File

Slot  Data present
A
Y 4 4 O al
= e W
Memary Slot 2
Cod)y from Load from  Save from Clear
ata File File Slot  Data present
A
» (w2 0
H= e W
Memory Slot 3
Coﬂ])y from Load from Save from Clear
ata File File Slot  Data present
A
| e d e [l
= e W
Memory Slot 4

Back
Cod)y from Load from  Save from Clear
ata File File

Slo Data present -
)]
O

Figurel-101Memoryslot dialog.
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Every memory slot can be edited and slot data can be even saved to disk. (Touchstone format). The
"Clear Slot" button will delete athemoryslot data.




The same operations can be performed in the main dialogeidbed" Tab.

Memory Slot 1 v Select Memory Slot

Memory Slot Operation

Copy from Load from  Saveto Clear
ata File File lot
Yalid
EZ fed £pd 3 [ Datapresent
— e - /U

Figurel-102Memory slot Tab.

This command allows the definition af electrical network for each port. During measurement this
"virtual' network will be extracted from the measurement. It is sufficient to have tpar@meter
description of the parasitic network in TouchsteRermat to perform this task.

Port 1
Load S-Parameter Clear S-Parameter

Eed [ is valid
B ©

Port2
Load S-Parameter  Clear S-Parameter

el - [ is walid
W =
Figurel-103 DeEmbedding dialog.

Whereaghe interactive simple dembedding possibilitiel the main dialogan only simulate a
lossy transmission line, the full @ambedding allows the removal of any complex two port network.

Stimulus ~ Receiver  Measurement  De-Embed  Memory

Port 1 Port 2
0,0 2| Port 1 extension 0,0 < || Port 2 extension
' [ps) [ps]

0,0 2+ | Extension loss 0,0 2 | Extension loss

: [c0js] - [G0fs]
50,0 + | Extension Z0 50,0 < Extension Z0

. J [Ohm] = [Ohm]
Auto De-Embed P1 Auto De-Embed P2

a' Full De-Embed Window n'

Figurel-104 Simple Dé&Embedding.

The simple deembedding is very useful, when coaxial lines are used to connect the DUT with the
analyzer and the reference planes are at the connection of these coaxial lines and the plane of
calibration. As the coaxial lines will introduce extra phast ahd loss to the calibration it is useful to
remove these lines from measurement. This can be done during measurement. Short circuit the end
of these lines and adjust the parameters in figure 4.7 until you can read a clear short circuit in the
smithdiagram of S11 and S2®@/ith this methodyou can shift the reference plane with little errors to

the end of the test linesSmple deembedding can be done manually or automatically.

Following example wilemonstratethe automatic deembedding process.




S11

Figurel-105 S11 after calibration.

TheSmith diagram shows an example measurement of an open port after calibration and some
unknown port extension. Goal of the process isdompress" the S11 graph into one point, namely
into S11 = 1.0, which represents a perfect open. To do so press the "AlEMBed P1" buttonan

additional smith diagram and a new dialog appear.

2 Auto Deembed - X B
Type of Termination
® Compensate to perfect Short sm
(O compensate to perfect Open
+05 +2.0
Transmission Line Parameter
0,0 = ‘ Extension length
[ps]
Extension loss
min, [GoJs] max.
0,0 % | ‘b,n o 100,0
Extension 20
min. [Ohm] maz.
40,0 ;I [SD,n = 60,0 O
Error
CurentError: 0
Compensation
Start Stop Back 0.5 0

Figure1-106 Auto Deembed Windows

Next,select "Compensate to perfect open”, Ent&00 to min. Extension Loss and press "Start".

B Auto Deembed

Type of Termination

O Compensate to perfect Short s
(® Compensate to perfect Open

+H0.5 +§z20

Transmission Line Parameter

-106,4 =] Extension length
g [ps]

Extension loss
min. [60s] max,

-100,0 (% -20,2 s 100,0

Extension 20
min. [Ohm]
40,0 3_ .51,6 =] 60,0
Error
Current Error:  0.00457704

Compensation
Stop - Ao

00 S

Figurel-107 Auto Deembed Windows aftea fewiterations




Wait and watch as the S11 graph compresses into S11 = 1. If you see no improvement in the Current
Error, press Stop and Badke calculated values will be transferred to thelErabed Tab fields.

Figurel-108 S11 diagram with DEmbedded Open Measurement.

Disgram Name ~ Trace Name £ min £ max _min a_max Condition PASS/FAIL

Diagram_1 dB(511) 1e+07 1e+08 -5 >= Minimum PASS

Result
Refresh  Quit
—
g .
= WY

Figurel-109 Limits Test Window.

The limits test window will show all the limits defined in the trace dialogs, and perform the defined

tests on the currenmeasurements. A Pass/Fail evaluation for every test is shown in each line. The
system will then perform an evaluation of each test to generate the total output result. This feature is
helpful in production, where a set of complex measurement conditions iImeigvaluated.

S Trace Edit - X
Display Function Normalize Axis
Source Trace Function e 5
@) Left
® SParam <S11> S-Parameter ~ O Magnitude ® hone O right
<512 S-Parameter (O Phase
] <521> S-Parameter (®) Magnitude in d& O s-Param
- Zi
. <5223 S-Parameter O Real 50 o
- <Zin> Port 1 impedance O s — Optional Yalue
e <Zout> Port 2 impedance e o . 50
Memory 4 <WSWR_in> VSWR on port 1 Memory 2
<VSWR_out> VSWR on port 2 Comple: Memary 3 [ use Correction
Aperture[%] <Gwf> matched voltage gain forward Memary 4
0.00125 Z6w> matched voltage gain reverse , v O Delay (-dphijcw) Setup Corr.
O loaded @ Edit Limits Create Corr,
[ create Copy before overwrite Yariable: YAR_A 0 Variable: VAR B |0 J Variable: ¥AR_C |0 I
Equati : . Add/Modify  Cancel
quation
A
[] Equation L JOK \,j

Figurel-110 Trace Edit Dialog




Once a trace has been defined, several test limits can be defined. This can be done by opening the
trace edit dialog and pressing the "Edit Limits" dialog.

A Limit editingis only availabléor existing tracefunctions.After pressing the Add buttorieave
the dialogandedit (modify) the trace function.

Freguency Range

Fmin{Hz] f_min f_max a_min a_max Condition i
1 1e+07 le+08 -5 0 Greater than
fmax[Hz] 2
3
Level
4
Minimurn Level
5
Maximum Level
6
7
Condition 8
;
1n A
Add Delete Quit
- — A
‘ J ‘ } [ Display Limits in Diagram \‘_,)j

Figurel-111 Trace Limits Dialog

Thetrace limits dialogpermits the creation ofip to 20 limit definitiors consising of a valid
frequency range, a limit condition and min/max values.

Following conditioa can be defined :

1 Greater than minimum value

i Less that maximum value

I Within min/max value

»  Outside the min/max value band

The "Display Limits in diagram" check box will allow to display the limits in a diagram.

A Limits can only be displayed in rectangular diagrams.

Diagram_1
33

19

dB(S11)

-9

10.0M 26.2M 42.4M 58.6M 74.8M 91.0M
Frequency[Hz]

Figurel-112 Diagramwith lower limit




1.16 Utilities

The spectrum analyzer utility contains several useful sub fungtiemch can perforrmusefultasks to
support the electronic design process:

1 StandardSpectrum Analyzer
1 Phase Noise Analyzer
9 Logarithmic Spectrum Analyzer

The Spectrum analyzéature displays single trace windowNote that autescaling will be enabled.

Signal Spectrum in dBm

Power

9.500M 9.600M 9.700M 9.800M 9.900M 10.000M 10.100M 10.200M 10.300M 10.400M 10.500M

Frequency
Figurel-113 Spectrum Analyzer data window.

A spectrum analyzer control window appeaexnto the spectrum analyzer

Spec. Analyzer Phase MNoise Log Spect,

Freq + BW Input Display Stream Setup

Frequency

Center Span [] start Stop
Center Freq, [Hz] Start Frequency [Hz]
9.5e+06
Span [Hz] Stop Frequency [Hz]
Yo

Allow Frequency Control by Diagram
[ zero Span Mode

Resolution Bandwidth Yideo Bandwidth
[ rEW is unlocked Averages per point.
Resolution BW [Hz] 10 s
Video bandwidth
5000
- 0Hz
Measurement Time
Frequency Points Measurement Time
800 0.405504 s
Setup
Select Setup
Save Setup None >
Measurement
Single Continuos Stop  Signal Generator Back

QOO0 = 9

Figurel-114 SpectrumAnalyzer control window.




The spectrum analyzéras two frequency range control options:

1 Center and Span
{1 Start and Stop Frequency.

Upon selectinghe desiredfrequency rang, resolution bandwidthmeasurement time per point and
frequency points are set automatically. It is possible to unlock the resolution bandwidghagegper

point corresponds to the video bandwidth often used in analog spectrum analyzer, it will average
several magnitude values. Further it is possible to define an externalfigmito compensate for
external amplifiers connected to theRF input Thisenables extendinghe dynamic range and
performing ultra-low noise measurements. The resolution bandwidth caratpisted betweerD.1 Hz

- 3 MHz, with no granularity.

Zero Span mode allows to measure the signal amplitude over time

The inputsetupallows to select single or dual channel mode. In dual channel modadtrement
providestwo separate analyzers simultaneously sampRagt 1 and Port 2 or Port A and Portis.
order to usePort A and Bhe BODBption must beinstalled.The input range can beonfigured
independently for each channel.

Spec. Analyzer Phase Noise Log Spect.

Freq + BW Input Display Stream Setup

Operation Mode Carrection File

®) Single Channel IZI

© pual Channel

External Gain [dB]

Input Channel 1 Input Channel 2
® Port 1 Port 1
O Port 2 Port 2
O Port A Port A
O PortB Port B
Attenuator Channel 1 Attenuator Channel 2
@ 20 dBm max. 20 dBm max
O 0dBm max. 0 dBm ma:
Rear Atten. Rear Atten.
+j-20v +j-20v
Setup
Select Setup
Save Setup None o
Measurement
Single Continuos Stop  Signal Generator Back
\
WDV <

Figurel-115 Spectrum Analyzer control window, input tab.

& Do not exceed the +20 dBm input level liatibn of Port 1 or Port 2 Excessive input power
will damage the instrument.




In the displaytab, output scalingand display functionsan be configured
In single channel mode:

RMS = root mean square or "real" power
Maximum value (maximum peak)
Minimum value (minimum peak)
Average.

= =4 =4 =4

In dual channel mode:

 RMS channel 1
1 RMS channel 2
9 Correlation between channel 1 and 2

Spec. Analyzer | Fhase Hoise | Log Spect. 4

Freq + BW Display Stream 3

Output Units Zero Span Sampling Plan
9 Table 1
Table 2
©) deuv () Table 3

@ dBm

IV Spur Reduction

= ) low phase noise
() dBmfHz -
) @) low spurs

() bath
Display Function Peak Hold

RMS I:‘ Minimum
D Ma)ﬂmurD Average D Peak Hold

RMS 1 [] RMS 2 Beakefloas

Correlation 1,2

Setup
Select Setup

Save Setup Hone i

Measurement
Single Continuos Stop  Signal Generator  Quit

QOO = 9

Figurel-116 Spectrum Analyzer control window, display tab.

The "Peak Holdfeature memaorizes peak values on each sweep. The "Peak Clear" buttongdset
trace.

Since the analyzerses @25 MHz ADC clock, the unambiguous frequency raagea maximum of
60 MHz.In"low phase noise" modehe instrument uses a constant clock frequenaiith clock
dithering, the unambiguous frequency range can be extende@ &Hz for (multiple}ingle
narrowband carrier signakEndresolution bandwidth settings <= 200 kHz. This magiirestwice

the measurement timeompared b "low phase noise" mode. When measuring broadband signals




like OFDM or CDMA modulated carriers exceeding 10 MHz or more, the spectrum might show
spurious signals. This mode is called "low spurs” mode. In low spurs mode the carrier SSB noise is
worse than in low phase noise mode. However the combined "low splos roise” mode will
compensate for thigt the cost ofa longer measurement time @compared tdow noise mode).

/8. The N800 Spectrum Analyzer iy does ot implementandardspecumanayzer
with Preselector and sideband suppression amyufer from spurius signal distotand

The spectrum analyzer can balibrated by using a calibrated signal source. The "Calibration" button
is password protected.

The spectrum analyzeanstream orrecordlive IQ data up to a rate of 2.7 MT/s. &oable
streaming, the frequency span needs to be set to zero. Please note thatakienumstreaming rate
is limited bythe quality of the USB connection

Spec. Analyzer Phase Moise Log Spect,

Freq + BW Input Display Stream Setup

Stream I/ Data
Receiver Control
Center Freq, [Hz] Resolution BW [Hz]
[1om | [1ok |
106 dB Alias Attenuation
Stream Target
to File ® touDP
O Text

IP Address & Port

O Float
127.0.0.1 1234

O signed 32 Bt
O signed 16 Bit

Contral Stream
Stream Status

o O 244 kT/s

Setup
Select Setup

Save Setup None v

Measurement

Single Continuos Stop  Signal Generator Back

WO = ©

Figurel-117 Spectrum Analyzer control window, stream tab.

Adjust the resolution bandwidth to alter the transfer rate. Higher resolution bandwidth settings will
result ina highertransfer rate.Thebandwidthis limited by the maximuntransfer rate It is possible

to reduce the "alias signadttenuation" to reduce thetransfer rate at the expense of sideband
suppression The maximum dowrsampling factor is limiw by the internal RBW filter&lReducing
sampling rate will foldhigher frequency spectrurimto the lowersideband The attenuation of thse
ofoldeds spectrumis given by the "dB max Alias" field. When tifmminalvalue of106 dB is reduced,




higher data rate dividerare allowed by a given resolution bandwidth. Be aware that the signal SNR
will be reduced by this value. If a SNR of 50 dBgsired do not reduce this valueelow 50 dB.

A Note that a change in the "dB max Alias" field will also affectithplayedspectrum Be sure to
set it back to its original value after streaming.

Streaming can be set to file an Ethernet UDRink, as used by GNU radio.

S FM Demod
e T " Channel Rate: 488.28k
uree < e: 2m Audio Decimation: 10

IP Address: 127.0.0.1 Decay Rate: 100u Deviation: 75k Audio Sink
s LA -1 Rl -—1 Audio Pass: 150k —1 Sample Rate: 48KHz
Paylead Size: 512 Gain: 1 5

. . Audio Stop: 160k
Null Pkt is EOF: True Max Gain: 65.536k Gain: 1

IIR Update Decimation: 1 TR T

Figurel-118 GNUradio example of a simple FM radio receiver

Thepicture above shows simple FM radio receiver using the UDP source element. Payloasl size
set to 512 bytes. Datis sent as float values alternating | and Q values.

If selecting'to File", the data will be written to a text fileach line alternating | and Q float values.
Please note that writing to a file can easily overflow and will depend on your computers write file
speed capabilities.

&Select different Sampling Plan tables in the Display section of the analyzer, if the chosen center
frequency comes too close to multiples of 125 MHz.

Setup
Select Setup

Save Setup None =

Use he Setup feature of thespectrum analyzer allows to load and save diagramcamdiguration
setups.

Measurement
Single Continuos Stop  Signal Generator  Quit

QOO = 9

The measurement group allows single and continuous measurements. Fadtesthe built in signal
generator can be activated by the "Signal Generator" button. It can be used during spectrum analyzer
measurements. Howevesettingscannot be altered during measurements. When pressing the "Quit"
button, the instrumentreturns to the VNA main menu.




Spec, Analyzer Phase MNoise Log Spect.

Freq + BW Input Display Stream Setup

Startup Load Settings Calbrate Generator
® Default
O Last ’
Custom
O cu Calibrate Analyzer
new_setup
-
Cal Status
GPIB-ADR GPIE-IF-No
20 3 0 T
Setup
Select Setup
Save Setup None "
Measurement:
Single Continuos Stop  Signal Generator Back

QOO = ©

Figurel-119 Setup Section of the spectrum analyzer.

Use this menu to calibratdne signal generator or spectruamalyzerCalibration will be explained in
detail later.This menu is also used tonfigurethe startup behaviorSelectindg'Last", the Analyzer

will remember the last settings and relo#dn startup. "Custom™ allows to automatically load any
pre-selectedsetup.




Spec. Analyzer Phase Moise Log Spect.

Phase Noise Results
Input Frequency Measured:
0 Channel 1 0 Hz

() Channel 2
Power Measured:
0 dBm
Center Frequency [Hz]

10M Setup

lows spur mode
Save Setup

Offset Freq Start [Hz]

100 Select Setup

1M

Points per decade
10

Operation

Averages per point Start
128 a
Quit

4

Figurel-120 Phase Noise Analyzer control window.

The phase noise analyzmeasureghe single sideband phase noiseaafon-modulated signal carrier
in the frequency range of 40 Hz5@90MHz. (SSB noise).

Select thecorresponding input channeind choose the carrier frequency (within 30 kHz). Choose
low spur mode when measuring at frequencies > 60 MHz.

The offset frequency rangeith reference to thecarriercan be in the range of 10 HA.0 MHz. Select
the number of measurement points per offset frequency decade. The number of averages are used to
smooth the noise signal. Increase the value to get a smoother result.

Oncea carrier has been fed to one of the input ports the phase noise measurement can start.

The instrument measurgthe accurate level and frequency of the carrier. These vaweslisplayed
in the "Results" box of the window. If no carrier is found, an error message will appear.

Results
Frequency Measured:
3.99e+08 Hz

Power Measured [dBm]
5.20386 dBm

Figurel-121 Result of the measurement of the internal signal generditequency set t@99 MHz




Upon detecting a carriethe phase noise diagraappearsn the left upper corner of the screen.

Phase Noise in dBc

0
-16
32
48
b 64
o
S 80
& 96 [~
g e
125 SR A
144
-160
100 1k 10k 100k 1.00M 10.00M

Offset Frequency
Figurel-122 399 MHz internal carrigghase noiseneasurement.

The blue limit line shogthe lower measurement limit. Whenever the measured signal comes within

3 dB range of the lower limit. The measured phase noise could be lower than the system's limit, and
cannotaccurately be measured. The result is presented in dBc (from measured carrier level) in a 1 Hz
bandwidth.

The Setugbutton allows saving of measurements and settings.

The logarithmic low frequency spectrum analyzenssdto measue broadband signals in the range

of 1 Hz to 60 MHz. In this mode the resolution bandwidth is set as a fraction of the measurement
frequency and frequency step distance to create a logarithmic equidistant frequency sweep. The signal
power is measured in dBU

Spec. Analyzer | Phase Noise | Log Spect. m

Frequency Input

Frequency Range Operation Mode

Freq Start [Hz] (@) Single Channel

() Dual Channel
100 -
Freq Stop [Hz]
1M Display Function
RMS 1

Points per decade
40 RMS 2
Averages per point
4

Correlation 1,2

Current Frequency
0 Hz

D Moise measurement

Setup

Select Setup
Save Setup Nane i
Action Operation

Start  Stop

0O G-

Figurel-123 Logarithmic Spectrum Analyzer control window, Frequency section




Settings covestart- and stopfrequency the measurement points per decade and the number of
averaged measuremesper point. Twochannelscan be measureh parallel This enablethe display
functions RMS, 2 (RMS value channel 2) anddhelation between Channel 1 and 2. Témerelation
featurereducesnoise, when measuring the same signal with two receiver chains. The correlated signal
strength follows theequation

where aand b are the input channel signals, n = number of sampfes = h this equation collapse
to the standard RMS (root mean square) formula.

Spec. Analyzer Phase Noise Log Spect

Frequency Input

Input Channel 1 Input Channel 2
@® port1 O PortA
O Ptz O PortB
Attenustor Channel 1 Attenuator Channel 2
® on{+j-3V)
O Off (+/-0.3¥)
Rear Attenuator Rear Attenuator
+-2
Options Corraction
External gain[dB] Correction File
0.0
Setup
Select Setup
Save Setup MNone v
Action Operation
Start Stop Back

Figurel-124 Logarithmic Spectrum Analyzer control window, Input section.

The Input tab of the analyzer allows the ingatection andthe corresponding gain @ttenuation.
The external gaisettingoffsets gain / attenuation oéxternal amplifies or attenuatois, assuming a
flat transfer function Setups can be saved or loaded.

A Do not exceed the +20 dBm input level limit on either input! Excessive input power can
damage the instrument.

Power in dBuV
160

142
124
106
88
70
52

Power [dBuV]

-2 —

10 100 1k 10k 100k  1.0M 10.0M 100.0M
Frequency

Figurel-125 Logarithmic Spectrum Analyzer measurement window.




Thenoise analyzer can be activated tigkingthe "Noise measurement" checkbox. The outghbws

the equivalent noise voltagepectral densityn nV/SQRT(Hz). The measurement bandwidth is 1 Hz. It

is recommended to increase the number of averages per point to get a clear result. Figure 5.13 shows
an open port noise measurement with 500 averages. The noise analysis will open a separate window.
An external low noise amplifier of at least 40 dB gain is recommended.

Equivalent noise voltage in nV/SQRT(Hz)
100

20

80 U\

y

30 W k
20 L\”\_ ﬂ A

i WY V| SRR Py
10

noise voltage [NV/ISQRT(Hz)]
£§82883

10 100 1k 10k 100k  1.0M 10.0M 100.0M
Frequency

Figurel-126 Noise level measurement

The oscilloscope provides a{@upled two channel 125 MSMP/s digital storage oscilloscope with
many features

]
=

Horizontal

Vertical Port 1 Vertical Port 2 Operation
Sampling Rate )
® Enabie @ Enable : Single Contnous  Stop
© +-3vmax O +/-3vmax w o O
O +/-0.3Vmax O +-0.3Vmax 125M5/ v
~ Trlgger .
. () Ready () Triggered
1.0 ext. gain 1.0 ext. gain
Signal Add
Samping 5 Generator Measurement
n
Vertical Port A Vertical Port B e -
512
(L) Enable [_) Enable
Rear Attenuator Rear Attenuator Vertical CIC Filter Protocol Back
Analysis -
+/-20v v +/-20v b Full — (’0 )
1.0 ext, gain 1.0 ext, gain o
Tr Pos. Setup
Left diag. scaling Right diag. scaling rigger Pos. (smps)
Vertical resolution Vertical resolution / - \
:" \ Save Setup
VAN VAN Q. N
500mV Div v 500mV/Div v 32 : MNone

A\ A\

Edge Trigger Pulse Trigger Manual Trigger Auto Trigger Calibration Setup

Trigger Level Source Polarity Trigger Aperture
0,0000 : © port 1 © Rising Edge Shortest
O port2 ) Falli
. () Faling Edge HF Suppression
() PortA
O PortB Sane

B Enable

Figurel-127 Oscilloscope control window




All ports can be individually enabled or disabledtimkingthe "Enable" checkboxlote that PortA &
B are only available witthe BODEbption. Enabling Channel A orwill limit the maximum input of
Channel 1 & 2to +0.3 V.

Port1 or 2input range can be set te/- 3.0V or +£0.3V. The lower input range offetsetter noise
performance.
PortAandBcan be set to+/- 20V, +£ 5V and +/ 0.5V

Use the up/down arrows to adjust theerticalresolution of the diagram in units of V/Division. The
range is 100 uV / Div to 1 V / Die diagram has a right and left vertical aiert1 & A arecoupled
to the left vertical axis anBort2 & B to the right axis.

& Do not exceed the +BV input level limit on either input of Port 1 or 2 or20 V on channel
A & B! Excessive input power can damage the instrument.

Port1, 2, A, B voltage

100m - - 5.0m

80 m 4.0m
< m
S o
- m Um o~
2 20m \ 1.0m 2
g 0 _ l\‘;;: ”I’lll 4 “ i b LbA "H'I r ”' l‘\ I'f‘l 1 "."\ } M‘JI 0 g

i J Ry I r Tl | H 1 )i

G -20m “” | . il " ’ " W\ }1 H il h 1.0m S
% -40m -2.0m %
% -60m -3.0m %
= _80m 3 -4.0m =~

-100m a -5.0m

0 0.3u05u0.8u1.0u1.3u 1.5u 1.8u 2.0u 2.3u 2.5u
Time

Figurel-128 oscilloscopeneasurementvindow.

Figurel.129shows the oscilloscopgraphwith different resolution of each axidote thatthe blue

trace corresponds to the right-akis and the redrace to the left Y-axis. The resolutioganalso be
changedwith the mouse wheel. Each channel implements an external gain selector to adjust for an
optional externalmplifieror impedance converter.

The horizontal control allows to change the Sampling rate from 15 S/s to 4 GS/s. Hoseenpling
rates of greater than 125 MS/s are sin(x)/x interpolated. This interpolation allows correct signal
interpretation up to 60 MHz.

The number of sampecan be adjusted from 2 to 8192. Furthasre, a vertical CIC (cascaded
integratedcomb filter)improvesnoise at low sampling rates.




Port A & B voltage

0.50m ; 0.50m
0.40m : 0.40m
0.30m : 0.30m
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Time
Figurel-129 oscilloscopeneasurementvith 122 kS/s and 54 kHz bandwidth.

The picture abovehows the noise voltage at 122 kS/s sampling rate and 54 kHz bandwidth. It is less
than +/- 25uV peak to peak.

The "Trigger PositionWheel isused to adjust triggetiming. The trigger point is shown in the
oscilloscope diagram as vertical green line and can be adjusted from 0 to 1024 samples. This feature
is used to view events before the trigger event.

Edge Trigger Pulse Trigger Manual Trigger Auto Trigger Calibration Setup

Trigger Level Source Polarity Trigger Aperture
0,0000 :  OPortt © Rising Edge Shortest
O Port2 O Fal
. ) Faling Edge HF Suppression
O PortA
O PortB None
8 Enable

Figurel-130 Edge trigger tab

The edge trigger will trigger oscilloscope samplifithe input signal on the selected channel will
raise above or fabhelowa certaintrigger level Adjust the trigger level usinpe "Trigger level* spin
boxor by dragging the red horizontal trigger line in the diagram.
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Figurel-131 oscilloscope data window trigger level of 143.6 mV
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Figurel-132 Trigger aperture time

The trigger aperture defines the time window in which the edge detection takes Hapsre 1133
showstwo different aperture windows.

Assume that the signal im®isy, and the trigger is set to falling edge detection. There is a high
possibility that the trigger evenhayoccur within the time window 2 x tAsthe signal is close to the
trigger level it might cross the trigger line multiple times within the trigger time window. This is
shown in figurel-134 below:

t2

|_|

jgeqF

Figurel-133 Trigger aperture timeavith noisy signal

Despite a raisingevel the falling edgewill be triggeredwith the 2xt2 trigger aperture timeWith a
trigger aperture time of t1, thee would be no falséalling edge triggeevent Howeverwideningthe
trigger aperture window causes increased jitt&ctivateHF suppressigmwhich createsilogical "AND"
on multiple aperture window. Assuminghat the falling edge event must be true for both trigger
aperture windows (t1 & t2)the trigger accuracy remasnOne drawback of this method is that the
trigger could miss trigger eveatlue to HF noise.

A Note that Trigger Aperture and HF Suppression settings are also valid for the pulse trigger modes.




Edge Trigger Pulse Trigger Manual Trigger Auto Trigger Calibration Setup

Trigger Level First 0,0000 L m Trigger Level Second 0,0000 =\
minimum length 0,000 s [us] maximum length 0,000 2 [us]
First source First polarity Second Source Second polarity
Or1 COra © Rising Edge Or1 Ovra © Rising Edge
Orp2 (Ovrs (O Falling Edge Op2 (OvpPs () Faling Edge

(] Enable

Figurel-134 Pulse trigger tab

The pulse trigger allows triggering on pulse width events within or across chanimeé&dbledby
tickingthe "Enable" checkox

Adjust a minimum and maximum pulse widfbr triggering. Pulsetriggeringrequirestwo events.A
start eventand a stop eventwith the time in betweerfulfilling the pulsdengthsetting

Any of the four Ports can be configured as source for pulse triggering. In case of assigning Port 1 as
trigger source CH1 must be selected as source for the first trigger event and as source for the second
trigger event.For aminimum pulselength of t1, a maximumpulselength of t2, rising edge as first
polarity and falling edge as second polaritye system will trigger on all positive pulses with a length
between t1 and t2 orPortA.

It is alsgpossible tause two different ports as combined trigger sourdeigger levels foBource 1 & 2
can be set independently

| Edge Trigger | Pulse Trigger | Manual Trigger | Auto Trigger Calibration Measurement options

Manual Trigger

Figurel-135 Manual trigger tab

Manual triggeris usefu] if the trigger level has been changed while the oscilloscope is waiting for
triggering. In order to have the trigger level changed, the oscilloscope needs to leave the "wait on
event" state. This can be done by pressing the "Manual Trigger" button.

| Edge Trigger | Pulse Trigger | Manual Trigger | Auto Trigger | Calibration | Measurement options |

100 Trigger Delay in [ms]

Enable

Figurel-136 Auto trigger tab

The autetrigger mode can be enabled higkingthe "Enable" checkbox. The oscilloscope will then
start a manual trigger if no trigger event occurs within the selectable time period.




Edge Trigger Pulse Trigger Manual Trigger Auto Trigger Calibration Measurement options

Attention: Calibrate will overwrite current calibration

Calibrate
Offset correction

Figurel-137 Calibration tab

The Calibrate command passwordprotected After unlockingcalibrationthe procedure will ask to
apply different DC voltages tort 1 & 2 andPortA & B to calibrate the oscilloscop& precision DC
sourceis required Tekbox will soon offer an affordahiew cost / lowvoltage calibrator to perform an
auto-calibration.

The"Offset correction"button will compensateany DC offsets in the amplifier chain. Leave all inputs
open or terminatdt with 50 Ohms to perform the offset correctioBffset correctionis recommended,
whenmeasuring low voltage signals in the uV range.

Uponpressing the "Add Measurement" buttpa measurement selection dialog will appear:

Add

Function

Channel source

Measurement

(]

Figurel-138 measuremenfunctiondialog

[signal period

signal frequency

width of positive pulse
width of negative pulse
duty cycle (
high value

low value
amplitude

signal maximum
signal minimum
signal peak to peak

cianal mean sealie

O rort 1

Operation

€ 9

Following measuremerftinctions areimplemented

Function

Description

Signal period

Period time of a repetitive signal in seconds

Signal frequency

Frequency of a repetitive signal in Hertz

Width of positive pulse

Length of a positive pulse in seconds

Width of negative pulse

Length of anegative pulse in seconds

Duty cycle Duty cycle in %

High value Top value of a rectangular/digital signal without overshoot
Low value Bottom value of a rectangular/digital signal without undershoot
Amplitude Zero to average peak value

Signal maximum

Positive peak value

Signal minimum

Minimum peak value

Signal peak to peak

Peak to Peak value

Signal mean value

Mean value of captured data

Signal RMS value

Root mean square value of captured data, effective value

Signal standard deviation

Standard deviation from mean value




Auto trigger amplitude Calculates the peak to peak amplitude with auto threshold level
selection.

Rise time Signal 10%90% rise time in seconds

Fall time Signal 10%90% fall time in seconds

Overshoot positive Amount ofpositive overshoot in rectangular/digital signal

Overshoot negative Amount of negative overshoot in rectangular/digital signal

Positive delay A to B Rising edge delay from channel A to B in seconds

Negative delay A to B Falling edge delay from channel A to B in seconds

Phase A to B Phase lag between channel A to channel B in degrees

Jitter rms RMS Jitter in seconds

Jitter peak Peak jitter in seconds

Figurel-139 Oscilloscope measuremefuinctions
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Figurel-140 sccreeshot with multiple measurements

Measurement valuewill updateupon retriggeringthe oscilloscopeMeasurement results are
treated similarly as marker&ght click and select Delete from the context menu or select the
measurement and press the delete key.

The oscilloscopeontainsa simple protocol analyzer férequentdigital communication protocols.

9 12C protocol.
1 RS232 protocol.
1 SPI protocol.
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Figurel-141 screershot with RS232 protocol analysis

The protocol analyzer can limvoked bypressing the "Protocol Analysis" button

Protocol
Analysis

[ == s]

Figurel-142 Protocol analyzer button

R5232 SPI 12C

Parameters Action
9600 baud rate Or1 ) Port A
Oer2 () PortB
g = databits
0.0 offset delay

1 % stopbits

= parity bits [ continuous update
0 =

[ inverted signal

Quit

Figurel-143 RS232 protocol analysis tab

The protocol analyzer supports @4 bits data bits, 2 stop bits and €1 parity bits. The signal
polarity can be inverted and an offset delay allows protocol analysis after a certain dead time.

Each bit is detected and evaluatedfter all data bits are detected, the output data is shown in the
diagram.
Press "OK" to start analysikick the "hide single bits" checkbokoinly full bytes / words need to be
displayed




Figurel-144 SPI protocol analysis tab

The implemented SRinalysisusesonly two wires. The "clock select" grotyox asigns the clock
source toan input port Selectwhether the risingor falling edge is used for data sampling. The data
canbe processed with normal or inverted polarity. The datard size care in the range between 1
and 64 bits. The "Direction" grotipx allows to seleavhethermostor leastsignificantbit isfirst. An
"offset delay" allows protocol analysis after a certain dead time.

Press "OK" to start analysis.

Figurel-145 12C protocol analysis tab

The 12C protocol analysis tassignghe clock input channel and an offset delpgrameterallows
protocol analysis after a certain dead time.

Press "OK" to start analysis.

Figurel-146 Signal generator button

After pressing the buttosthe signal generator windowppears The signal generator can be uszsi
a signal sourceuring oscilloscope measurements. The generéadescribedn detail in the signal
generator utility chapter



































































