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This document describes the following R&S®ZNA vector network analyzers:

® R&S®ZNA26, 10 MHz to 26.5 GHz, 2 test ports, 3.5 mm (m) connectors, order no. 1332.4500K22
® R&S®ZNA26, 10 MHz to 26.5 GHz, 4 test ports, 3.5 mm (m) connectors, order no. 1332.4500K24
® R&S®ZNA43, 10 MHz to 43.5 GHz, 2 test ports 2.92 mm, order no. 1332.4500K42

® R&S®ZNA43, 10 MHz to 43.5 GHz, 4 test ports 2.92 mm, order no. 1332.4500K44

® R&S®ZNA43, 10 MHz to 43.5 GHz, 2 test ports 2.4 mm, order no. 1332.4500K43

® R&S®ZNA43, 10 MHz to 43.5 GHz, 4 test ports 2.4 mm, order no. 1332.4500K45

® R&S®ZNA50, 10 MHz to 50 GHz, 2 test ports 2.4 mm, order no. 1332.4500K52

® R&S®ZNA50, 10 MHz to 50 GHz, 4 test ports 2.4 mm, order no. 1332.4500K54

® R&S®ZNA67, 10 MHz to 67 GHz, 2 test ports 1.85 mm, order no. 1332.4500K62

® R&S®ZNAG7, 10 MHz to 67 GHz, 4 test ports 1.85 mm, order no. 1332.4500K64

Furthermore, it covers the vector network analyzer systems R&S®ZNAG7EXT, with extended frequency
range 10 MHz to 110 GHz and 1 mm external test sets:

® R&S®ZNAG7EXT Variant 02, order no. 1352.1888K02,
2-port R&S®PZNAG7, 2 standard power external test sets

® R&S®ZNAG7EXT Variant 03, order no. 1352.1888K03,
4-port R&S®ZNAG7, 2 standard power external test sets

® R&S®PZNAGB7EXT Variant 04, order no. 1352.1888K04,
4-port R&S®ZNAG7, 4 standard power external test sets

® R&S®ZNAG7EXT Variant 05, order no. 1352.1888K05,
2-port R&S®ZNAG7, 2 high power external test sets

® R&S®ZNAG7EXT Variant 06, order no. 1352.1888K06,
4-port R&S®ZNAG7, 2 high power external test sets

® R&S®ZNAG7EXT Variant 07, order no. 1352.1888K07,
4-port R&S®ZNAG7, 4 high power external test sets
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1 Safety and regulatory information

The product documentation helps you use the product safely and efficiently. Follow the
instructions provided here and in the following chapters.

Intended use

The product is intended for the development, production and verification of electronic
components and devices in industrial, administrative, and laboratory environments.
Use the product only for its designated purpose. Observe the operating conditions and
performance limits stated in the data sheet.

Where do | find safety information?

Safety information is part of the product documentation. It warns you of potential dan-
gers and gives instructions on how to prevent personal injury or damage caused by
dangerous situations. Safety information is provided as follows:

® |n Chapter 1.1, "Safety instructions", on page 15. The same information is provi-
ded in many languages as printed "Safety Instructions". The printed "Safety
Instructions" are delivered with the product.

® Throughout the documentation, safety instructions are provided when you need to
take care during setup or operation.

1.1 Safety instructions

Products from the Rohde & Schwarz group of companies are manufactured according
to the highest technical standards. To use the products safely, follow the instructions
provided here and in the product documentation. Keep the product documentation
nearby and offer it to other users.

Use the product only for its intended use and within its performance limits. Intended
use and limits are described in the product documentation such as the data sheet,
manuals and the printed "Safety Instructions". If you are unsure about the appropriate
use, contact Rohde & Schwarz customer service.

Using the product requires specialists or specially trained personnel. These users also
need sound knowledge of at least one of the languages in which the user interfaces
and the product documentation are available.

Never open the casing of the product. Only service personnel authorized by

Rohde & Schwarz are allowed to repair the product. If any part of the product is dam-
aged or broken, stop using the product. Contact Rohde & Schwarz customer service at
http://www.customersupport.rohde-schwarz.com.

Lifting and carrying the product

The product is heavy. Do not move or carry the product by yourself. A single person
can only carry a maximum of 18 kg safely depending on age, gender and physical con-
dition. Look up the maximum weight in the data sheet. Use the product handles to
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move or carry the product. Do not lift by the accessories mounted on the product.
Accessories are not designed to carry the weight of the product.

To move the product safely, you can use lifting or transporting equipment such as lift
trucks and forklifts. Follow the instructions provided by the equipment manufacturer.

Choosing the operating site

Only use the product indoors. The product casing is not waterproof. Water that enters
can electrically connect the casing with live parts, which can lead to electric shock,
serious personal injury or death if you touch the casing. If Rohde & Schwarz provides
accessories designed for your product, e.g. a carrying bag, you can use the product
outdoors.

Unless otherwise specified, you can operate the product up to an altitude of 2000 m
above sea level. The product is suitable for pollution degree 2 environments where
nonconductive contamination can occur. For more information on environmental condi-
tions such as ambient temperature and humidity, see the data sheet.

Setting up the product

Always place the product on a stable, flat and level surface with the bottom of the prod-
uct facing down. If the product is designed for different positions, secure the product so
that it cannot fall over.

If the product has foldable feet, always fold the feet completely in or out to ensure sta-
bility. The feet can collapse if they are not folded out completely or if the product is
moved without lifting it. The foldable feet are designed to carry the weight of the prod-
uct, but not an extra load.

If stacking is possible, keep in mind that a stack of products can fall over and cause
injury.

If you mount products in a rack, ensure that the rack has sufficient load capacity and
stability. Observe the specifications of the rack manufacturer. Always install the prod-
ucts from the bottom shelf to the top shelf so that the rack stands securely. Secure the
product so that it cannot fall off the rack.

Connecting to power

The product is an overvoltage category Il product. Connect the product to a fixed
installation used to supply energy-consuming equipment such as household applian-
ces and similar loads. Keep in mind that electrically powered products have risks, such
as electric shock, fire, personal injury or even death. Replace parts that are relevant to
safety only by original parts, e.g. power cables or fuses.

Take the following measures for your safety:

® Before switching on the product, ensure that the voltage and frequency indicated
on the product match the available power source. If the power adapter does not
adjust automatically, set the correct value and check the rating of the fuse.

® Only use the power cable delivered with the product. It complies with country-spe-
cific safety requirements. Only insert the plug into an outlet with protective conduc-
tor terminal.
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® Only use intact cables and route them carefully so that they cannot be damaged.
Check the power cables regularly to ensure that they are undamaged. Also ensure
that nobody can trip over loose cables.

® |f you connect the product to an external power supply, use the one delivered with
the product or recommended in the product documentation. The external power
supply must conform to the country-specific regulations.

® Only connect the product to a power source with a fuse protection of maximum
20 A.

o

Ensure that you can disconnect the product from the power source at any time.
Pull the power plug to disconnect the product. The power plug must be easily
accessible. If the product is integrated into a system that does not meet these
requirements, provide an easily accessible circuit breaker at the system level.
Cleaning the product

Use a dry, lint-free cloth to clean the product. When cleaning, keep in mind that the
casing is not waterproof. Do not use liquid cleaning agents.

Meaning of safety labels

Safety labels on the product warn against potential hazards.

Potential hazard

Read the product documentation to avoid personal injury or product damage.

Heavy product

Be careful when lifting, moving or carrying the product. Carrying the product requires a suffi-
cient number of persons or transport equipment.

Electrical hazard

Indicates live parts. Risk of electric shock, fire, personal injury or even death.

Hot surface

Do not touch. Risk of skin burns. Risk of fire.

Protective conductor terminal

® B> >

Connect this terminal to a grounded external conductor or to protective ground. This connec-
tion protects you against electric shock if an electric problem occurs.

1.2 Warning messages in the documentation

A warning message points out a risk or danger that you need to be aware of. The sig-
nal word indicates the severity of the safety hazard and how likely it will occur if you do
not follow the safety precautions.

WARNING

Potentially hazardous situation. Could result in death or serious injury if not avoided.
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Korea certification class A

NOTICE

Potential risks of damage. Could result in damage to the supported product or to other
property.

1.3 Korea certification class A

o /171 YRH-GAT) A A7) ZA BohA E ALGARE o] HS T8 7]
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2 Welcome to the R&S ZNA

This manual is intended to provide you with all information that is necessary for setup,
manual and remote control of the R&S ZNA.

We also invite you to find out what's new in the current revision of the software and
learn how to make best use of our documentation and of the help system.

If you have any questions or comments, please contact your partners at Rohde &
Schwarz and give us your feedback.

2.1 What's new in firmware version 2.80

This manual describes version 2.80 of the R&S ZNA firmware.

Compared to the previous version 2.74, firmware version 2.80 provides the following
changes:

New functionality

® Pulsed measurements (R&S ZNA-K7): Configurable measurement acquisition off-
set for every a- and b-wave receiver
(Revised version of a feature introduced in FW V2.50, and removed in FW V2.51)
® Intermodulation measurements (R&S ZNA-K4): FW support for measuring intermo-
dulation products and intercept points of order 2
See "Intermodulation products" on page 271
® Measurements on pulsed signals (R&S ZNA-K7): Point averaging
See "Point Average/Factor" on page 708

® New option to keep the channel bit states at sweep end
See "Channel Bits tab" on page 873

New remote control features

® Deembedding assistant (R&S ZNA-K220 | R&S ZNA-K230 | R&S ZNA-K210): New
command CALCulate:FMODel:DEASsistant:RUN:RESult? to check for suc-
cessful deembedding tool execution

® Generating default calibration data using [SENSe<Ch>: ]CORRection:COLLect::
SAVE:SELected:DEFault now also works for:
— Frequency-converting channels
— One-port system error corrections with combined receiver power calibration
(PREFI, PRSHort, ...)
Improvements

® The functionality of the "Trigger Out Manager" dialog is now directly available in the
"Pulse Modulation" dialog
See Chapter 5.13.2.2, "Pulse Modulation dialog", on page 701

® Deembedding assistant (R&S ZNA-K220, R&S ZNA-K230, R&S ZNA-K210): DUT
+ test fixture data can now also be loaded from file
See "Measure / Apply section" on page 772
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Intermodulation measurements (R&S ZNA-K4), two-tone group delay measure-
ments (R&S ZNA-K9): Now also possible if switch matrices are configured

Inline calibration system (ICS) R&S ZN-Z3x:

A firmware update of the inline calibration controller (ICC, R&S ZN-Z3x) and the
inline calibration units (ICUs, R&S ZN-Z32/Z33) can be performed from the "Inline
Calibration Systems" dialog.

See "Firmware/Update" on page 936.

The R&S ZNA firmware now includes the latest ICS firmware binaries, located in
the directory C: \Program Files\Rohde-Schwarz\Vector Network
Analyzer\ZNA\Resources\ICS.

New "RF Off on Rec. Overload" on page 879 system config setting to enable an
automatic RF Off All Channels if a receiver overload is detected

Pulse modulation: Relevant ALC settings can now be configured directly in the
Pulse Modulation dialog

Solved issues

Extensions and accessories R&S ZN-Zx: Communication issues over LAN
Possible firmware crash in "Independent Generator Settings" dialog
Intermodulation measurements (R&S ZNA-K4):

— Activating "CW Mode Spectrum" crashed the firmware, if ALC was active
— "IMD Sweep Type: Power" could not be selected

— When "IMD Sweep Type: Delta F" was selected, the "Define Segments" dialog
occurred by mistake

Calibration pool data

— Repeating a calibration loaded from the cal pool corrupted the existing calibra-
tion, if "Overwrite Current File" was selected and the calibration was canceled

— When repeating a calibration loaded from the cal pool, some existing data were
deleted instead of reused

— Storing a scalar vector mixer calibration in the calibration pool only partly saved
the error terms and created invalid cal files

The analyzer GUI became slow if many markers were active
Millimeter-wave converter support (R&S ZNA-K8):

— Increasing the "Cable & Splitter Loss" decreased (instead of increased) the out-
put power at the respective VNA port

— In a mixed setup with "ZNAG7EXT-TS" and other converter types, the fre-
quency axes were inverted

+28 V Noise Source Control ( R&S ZNA-B91): Documentation of remote command
CONTrol:NOISe:SOURce[:STATe] was missing

For some manual multi-channel calibrations, the required calibration standard but-
tons appeared twice

Source step attenuators (R&S ZNAxx-B2y): The selected source attenuation was
applied twice to the power range of a source flatness calibration

For channels with math traces, adding certain waves to the set of measured quan-
tities made sweep preparation hang
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® Two-tone group delay measurements (R&S ZNA-K9): Adding a mixer delay calibra-
tion to an existing UOSM using "Repeat Cal" failed with error message "SMARTer-
Cal requires a Powermeter!"

® Frequency-converting measurements (R&S ZNA-K4): Misleading "Ref. Receiver
not calibrated" warning during measurement receiver calibrations of remaining
ports, if their required reference receiver calibration was performed with "Calibrate
Only Port Frequency"

® Noise figure measurements (R&S ZNA-K30):

— Documentation of remote command [SENSe<Chn>:]CORRection:NSTate?
was missing

— If the "Quick Setup" was opened from the frequency-converting noise figure
channel setup, the firmware crashed when modified settings were applied

® | eveling datasets:

— Misleading "requested power not available in leveling data" warning, if the fre-
quency range of the dataset differs strongly from the current port frequency
ranges

— In the "Leveling Datasets" dialog (and using
SOURce<Ch>:POWer<PhyPt>:CORRection:SLEVeling:STATe), it was
possible to enable "Power Control" even though no leveling dataset was availa-
ble

® |f drag&drop was used to add "More S-Params”, "More Wave Quantities", or "More
Harmonics", then modifying the "Detector Meas Time" in the corresponding selec-
tion dialog did not take effect

® |[nternal pulse modulators (options R&S ZNAxx-B4y): Commands
[SENSe<Ch>:]PULSe: PORT<Pt>:WIDTh and
[SENSe<Ch>:]PULSe:PORT<Pt>:DELay did not work as expected, if option
R&S ZNA-B91 was not available

® Repeating a "P-"cal (a.k.a SMARTerCal) led to duplicate power meter buttons (one
of them invalid), if a power meter with a different ID was selected

® Mixer delay measurements (R&S ZNA-K9): The "Const Cal Delay" calibration
mixer setting in the "Mixer/IMD/Harmonics" tab of the calibration setup dialog did
not take effect

® R&S ZNAGB7EXT: For some configurations, adding + deleting a channel made
sweep preparation hang

Firmware version

» To check your R&S ZNA firmware version, select "Help" > "About..." from the main
menu.

2.1.1 Firmware version 2.74

New functionality

® Firmware support of new 110 GHz VNA systems R&S ZNAG7EXT
See Chapter 3.5, "Getting started with R&S ZNAG7EXT", on page 79.
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2.2 Documentation overview

This section provides an overview of the R&S ZNA user documentation. Unless speci-
fied otherwise, you find the documents at:

https://www.rohde-schwarz.com/manual/ZNA

2.2.1 Getting started manual

Introduces the R&S ZNA and describes how to set up and start working with the prod-
uct. Includes basic operations, typical measurement examples, and general informa-
tion, e.g. safety instructions, etc.

A printed version is delivered with the instrument. A PDF version is available for down-
load on the Internet.

2.2.2 Getting started manual R&S ZNAG7EXT
Getting started information on vector network analyzer systems R&S®ZNAG7EXT is
provided in a separate manual (order no. 1179.6295.02).

A printed version is delivered with each system. A PDF version is available for down-
load on the Internet.

2.2.3 User manual and help

The user manual contains the description of all instrument modes and functions. It also
provides an introduction to remote control, a complete description of the remote control
commands with programming examples, and information on maintenance, instrument
interfaces and error messages. Includes the contents of the getting started manual.

The contents of the user manual are available as help in the R&S ZNA. The help offers
quick, context-sensitive access to the complete information for the instrument and its
firmware.

The user manual is also available for download or for immediate display on the Inter-
net.

2.2.4 Service manual

Describes the performance test for checking the rated specifications, module replace-
ment and repair, firmware update, troubleshooting and fault elimination, and contains
mechanical drawings and spare part lists.

The service manual is available for registered users on the global Rohde & Schwarz
information system (GLORIS):

https://gloris.rohde-schwarz.com
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2.2.5

2.2.6

2.2.7

2.2.8

2.2.9

Documentation overview

Instrument security procedures

Deals with security issues when working with the R&S ZNA in secure areas. It is avail-
able for download on the internet.

Printed safety instructions

Provides safety information in many languages. The printed document is delivered with
the product.

Data sheets and brochures
The data sheet contains the technical specifications of the R&S ZNA. It also lists the
firmware applications and their order numbers, and optional accessories.

The brochure provides an overview of the instrument and deals with the specific char-
acteristics.

See https://www.rohde-schwarz.com/brochure-datasheet/ZNA

Release notes and open source acknowledgment (OSA)
The release notes list new features, improvements and known issues of the current
firmware version, and describe the firmware installation.

The software makes use of several valuable open source software packages. An open-
source acknowledgment document provides verbatim license texts of the used open
source software.

See https://www.rohde-schwarz.com/firmware/ZNA

Application notes, application cards, white papers, etc.

These documents deal with special applications or background information on particu-
lar topics.

See https://www.rohde-schwarz.com/application/ZNA
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3.1

3141

3.1.2

3.1.3

Preparing for use

Getting Started

Note: the following chapters are identical to those in the printed R&S ZNA Getting
Started manual.

For additional Getting Started information on the VNA system R&S ZNAG7EXT see
Chapter 3.5, "Getting started with R&S ZNAG7EXT", on page 79.
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e Performing MeasUr€mMENTS...........uuuiiiiiiiieee it e e e e e s s e e e e e e e e e s e sennrenes 71
o Getting started with R&S ZNABTEXT ......ooiiiiiiiiiei ittt seeeee s 79

Preparing for use

Here, you can find basic information about setting up the product for the first time.

Lifting and carrying

The carrying handles are designed to lift or carry the instrument. Do not apply exces-
sive external force to the handles.

See "Lifting and carrying the product” on page 15.
Unpacking and checking

1. Unpack the R&S ZNA carefully.

2. Retain the original packing material. Use it when transporting or shipping the
R&S ZNA later.

3. Using the delivery notes, check the equipment for completeness.
4. Check the equipment for damage.

If the delivery is incomplete or equipment is damaged, contact Rohde & Schwarz.

Choosing the operating site

Specific operating conditions ensure proper operation and avoid damage to the prod-
uct and connected devices. For information on environmental conditions such as ambi-
ent temperature and humidity, see the data sheet.

See also "Choosing the operating site" on page 16.
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Electromagnetic compatibility classes
The electromagnetic compatibility (EMC) class indicates where you can operate the
product. The EMC class of the product is given in the data sheet.
® (lass B equipment is suitable for use in:
— Residential environments

— Environments that are directly connected to a low-voltage supply network that
supplies residential buildings

® C(Class A equipment is intended for use in industrial environments. It can cause
radio disturbances in residential environments due to possible conducted and radi-
ated disturbances. It is therefore not suitable for class B environments.
If class A equipment causes radio disturbances, take appropriate measures to
eliminate them.

3.1.4 Setting up the product

See also:
e "Setting up the product” on page 16
® ‘"Intended use" on page 15

3.1.4.1 Placing the product on a bench top

To place the product on a bench top

1. Place the product on a stable, flat and level surface. Ensure that the surface can
support the weight of the product. For information on the weight, see the data
sheet.

2. WARNING! A stack of products can fall over and cause injury. Never stack more
than two products. Otherwise, mount them in a rack.
Stack as follows:
e All products must have the same dimensions (width and length).

e Do not exceed a total load of 50 kg placed on the product at the bottom of the
stack.
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Left = Stacked correctly
Right = Stacked incorrectly, too many products

3. NOTICE! Overheating can damage the product.
Prevent overheating as follows:

e Keep a minimum distance of 10 cm between the fan openings of the product
and any object in the vicinity to provide sufficient airflow and ventilation.

e Do not place the product next to heat-generating equipment such as radiators
or other products.

3.1.4.2 Mounting the product in a rack

To prepare the rack
1. Observe the requirements and instructions in "Setting up the product" on page 16.

2. NOTICE! Insufficient airflow can cause overheating and damage the product.
Design and implement an efficient ventilation concept for the rack.

To mount the R&S ZNA in a rack

1. Use an adapter kit to prepare the R&S ZNA for rack mounting.

a) Order the rack adapter kit R&S ZZA-KN6 (order number 1332.4498.02).
b) Mount the adapter kit. Follow the assembly instructions provided with the
adapter Kkit.

2. Lift the R&S ZNA to shelf height.

3. Grab the handles and push the R&S ZNA onto the shelf until the rack brackets fit
closely to the rack.

4. Tighten all screws in the rack brackets with a tightening torque of 1.2 Nm to secure
the R&S ZNA in the rack.
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To unmount the R&S ZNA from a rack
1. Loosen the screws at the rack brackets.
2. Remove the R&S ZNA from the rack.

3. If placing the R&S ZNA on a bench top again, unmount the adapter kit from the
R&S ZNA. Follow the instructions provided with the adapter Kkit.

3.1.5 Considerations for test setup

Cable selection and electromagnetic interference (EMI)
Electromagnetic interference (EMI) can affect the measurement results.

To suppress electromagnetic radiation during operation:

® Use high-quality shielded cables, for example, double-shielded RF and LAN
cables.

® Always terminate open cable ends.
® Ensure that connected external devices comply with EMC regulations.

Regarding length and quality, the following requirements have to be met for cable that
are directly connected to the R&S ZNA:

Table 3-1: Cable Requirements

Cable Type (Connector) Requirement

RF cables (PORT 1, ..., PORT N) Double shielded
BNC cables (various) Double shielded
DB-25 (User Port) Double shielded

Digital I/Q (External Handler 10, External Data Log- | R&S order no. 1402.4990.00 only
ger, Direct Control)

GPIB Standard cable

RFFE/GPIO R&S ZN-Z25 (order no. 1334.3424.02) only
DisplayPort (Monitor) Standard cable

DVI-D (Monitor) 2 ferrite cores

LAN At least CAT6, S/FTP

PCle Standard cable

USB Standard cables, length < 3m

Signal input and output levels

Information on signal levels is provided in the data sheet. Keep the signal levels within
the specified ranges to avoid damage to the product and connected devices.
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Preventing electrostatic discharge (ESD)

Electrostatic discharge is most likely to occur when you connect or disconnect a DUT.

» NOTICE! Electrostatic discharge can damage the electronic components of the
product and the device under test (DUT).

Ground yourself to prevent electrostatic discharge damage:

a) Use a wrist strap and cord to connect yourself to ground.
b) Use a conductive floor mat and heel strap combination.

During operation, if the firmware observes a serious unexpected disturbance (e.g. due
to ESD), it resets all hardware components to ensure proper instrument functioning. It
then restores the user settings to the state before the disturbance and indicates the
foregone hardware reset by an "Hardware communication problem [...]" information

popup.

3.1.6 Connecting the analyzer to the AC supply

For safety information, see "Connecting to power" on page 16.

The network analyzer is automatically adapted to the AC supply voltage, which must
be in the range of 100 V to 240 V at 50 Hz to 60 Hz. A line frequency of 400 Hz is also
supported.

The AC power connector is located in the upper part of the rear panel (see Chap-
ter 3.2.2, "Rear panel", on page 41).

1. Plug the AC power cable into the AC power connector on the rear panel of the
product. Only use the AC power cable delivered with the product.

2. Plug the AC power cable into a power outlet with ground contact.

The required ratings are listed next to the AC power connector and in the data
sheet.

3. If necessary, also ground the product using the grounding terminal <.
The maximum power consumption and the typical power consumption of the individual
analyzer models are listed in the data sheet.

3.1.7 Switching the instrument on and off

To switch on the R&S ZNA

1. Switch the AC power switch to position I (On).
The AC power switch is located in the upper part of the rear panel, above the
mains connector; see Chapter 3.2.2, "Rear panel", on page 41.
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After power-on, the analyzer automatically goes to standby or ready state, depend-
ing on the state of the standby toggle key at the front panel when the instrument
was switched off last time.

2. If necessary, press the standby toggle key on the front panel to switch the instru-
ment to ready state.
See Chapter 3.1.8, "Standby and ready state", on page 29
The instrument automatically performs a system check, boots the Windows® oper-
ating system and then starts the vector network analyzer (VNA) application. If it

was terminated regularly, the VNA application restores all recall sets and instru-
ment settings of the previous analyzer session.

To shut down the instrument

1. Press the standby toggle key.

Pressing the standby toggle key causes the instrument to save all loaded recall
sets, to close the VNA application, to shut down Windows®, and to go to standby
state (see Chapter 3.1.8, "Standby and ready state", on page 29).

Of course, you can also perform these steps manually, like in any Windows ses-
sion.

2. |If desired, set the AC power switch to position O (Off).

To disconnect from power
The R&S ZNA is in standby state.

1. NOTICE! Risk of data loss. If you disconnect the product from power when it is in
the ready state, you can lose settings and data. Shut it down first.

Set the switch on the power supply to position [0].

The LED of the standby toggle key key is switched off.

2. Disconnect the R&S ZNA from the power source.

To guarantee the specified functionality, after turning off the R&S ZNA, you have to wait
for at least 10 seconds before turning it on again. This rule applies to both the AC
power off and the standby state.

Standby and ready state

Thestandby toggle key is located in the bottom-left corner of the front panel.

In standby state, the LED on the standby toggle key is orange, in ready state it is
green. The standby power only supplies the power switch circuits and the optional high
precision quartz (R&S ZNA-B4, "Precision Oven Quartz Frequency Reference"). In this
state, it is safe to switch the AC power off and disconnect the instrument from the
power supply. In ready state, all modules are power-supplied. When switched to ready
state, the analyzer initiates its startup procedure.
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Observe the instructions for startup and shutdown in Chapter 3.1.7, "Switching the
instrument on and off", on page 28.

Windows operating system

The analyzer is equipped with a Windows® operating system which has been config-
ured according to the instrument's features and needs. Changes in the system configu-
ration can be necessary to:

® Establish a LAN connection
® Customize the properties of the external accessories connected to the analyzer
e (Call up additional software tools

Modifications of the operating system

The operating system is adapted to the network analyzer. To avoid impairment of
instrument functions, only change the settings described in this manual. Existing soft-
ware must be modified only with update software released by Rohde & Schwarz. Like-
wise, only programs authorized by Rohde & Schwarz for use on the instrument must
be executed.

All necessary settings can be accessed from the Windows "Start" menu, in particular
from the "Control Panel". To open the "Start" menu, press the Windows key in the tool-
bar or on an external keyboard.

User accounts and password protection

The analyzer uses a user name and password as credentials for remote access. Two
user accounts with different levels of access are available on the instrument:

® "instrument" is the default account with standard rights to change system settings.
Use this account for normal operation of the analyzer.

® "Admin" is the account for administering the operating system. This account is
required, for instance, if you wish to install programs on the analyzer.

In the factory configuration, "894129" is preset as a password for both users. To protect
the analyzer from unauthorized access, it is recommended to change the preset pass-
words.

To switch from one user account to another, log off from Windows and then log on
again. The "switch user" functionality is disabled on the R&S ZNA.

Service packs and updates

Microsoft regularly creates security updates and other patches to protect Windows-
based operating systems. They are released through the Microsoft Update website and
associated update server. Update instruments using Windows regularly, especially
instruments that connect to a network.
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Firewall settings

A firewall protects an instrument by preventing unauthorized users from gaining access
to it through a network. Rohde & Schwarz highly recommends using the firewall on
your instrument. Rohde & Schwarz instruments are shipped with the Windows firewall
enabled. All ports and connections for remote control are enabled.

Note that changing firewall settings requires administrator rights.

Virus protection

Take appropriate steps to protect your instruments from infection. Use strong firewall
settings and scan any removable storage device used with a Rohde & Schwarz instru-
ment regularly. It is also recommended that you install anti-virus software on the instru-
ment. Rohde & Schwarz does NOT recommend running anti-virus software in the
background ("on-access" mode) on Windows-based instruments, due to potentially
degrading instrument performance. However, Rohde & Schwarz does recommend run-
ning it during non-critical hours.

For details and recommendations, see the following Rohde & Schwarz white paper:
® 1EF96: Malware Protection Windows 10

3.1.10 Minimizing the VNA application
With a minimized VNA application, you can access your analyzer's Windows® desktop
or run other applications.

To exit the default full-screen mode of the VNA application, deselect System — [Display]
> "View Bar" > "Title Bar Task Bar". Then use the standard Windows® titlebar functions
to minimize/maximize/close the application window.

To start the VNA application with a minimized window

1. Right-click the Vector Network Analyzer shortcut icon on the desktop and open the
"Properties" dialog.

2. In the "Shortcut" tab, select "Run: Minimized".
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% R&S ZMA Vector Network Analyzer Properties >
Security Details Previous Versions
General Sharteut Compatibility

@ R&S ZNA Vector Netwark Analyzer

Tarnget type: Application

Tanget location: Bin

Target: |'a|2 “Wector Network Analyzer ZMNA'Bin Vna exe |

Start in: | |

Shortout key: | MNaone |

Run: Nomal window hd
Momal window
Comment: E_
Maximized
Open File Location Change lcon... Advanced...

Corcel | | oot

@ A software update restores the original shortcut properties.

3.1.11 Connecting external accessories

The analyzer's standard PC interfaces (Monitor, USB, LAN) can be used to connect
various accessories:

® An external monitor displays the Windows® desktop plus the vector network ana-
lyzer (VNA) application windows.

® External keyboard and mouse simplify local control, in particular manual (GUI)
operation of the VNA application.

® A printer can be used to create hard copies of the measurement diagrams and
traces from within the VNA application.

® A LAN connection can be established to access the analyzer's mass storage or
control the analyzer from an external PC.

® The R&S ZNA can also be remote controlled via USB.

O External monitor, keyboard and mouse are not required for local operation. The
= R&S ZNA can be fully controlled by tapping the touchscreen.

3.1.11.1 Connecting a monitor

{faazzzez=;. .1 A standard monitor can be connected to the DVI-D connector of the R&S ZNA. No
frrrees - _/I extra configuration is required.
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The R&S ZNA also offers a DisplayPort.

3.1.11.2 Connecting a keyboard

A keyboard can be connected to any of the USB connectors. After being auto-detected
by the operating system, it can safely be disconnected and reconnected even during
measurements.

Keyboard configuration

The default input language is English — US. Select "Settings" > "Time & language" >
"Region & language" from the Windows® Start menu to manage languages and key-
boards.

O To access Windows®, use the E button in the toolbar of the application window.

3.1.11.3 Connecting a mouse

A USB mouse can be connected to any of the USB connectors. After being auto-detec-
ted by the operating system, it can safely be disconnected and reconnected even dur-
ing measurements.

Mouse configuration

Select "Settings" > "Devices" > "Mouse & touchpad" from the Windows® "Start" menu
to configure the mouse properties.

O To access Windows®, use the @ button in the toolbar of the application window.

3.1.11.4 Connecting a printer
A printer can be connected to any of the USB connectors. After successful installation,
it can safely be disconnected and reconnected even during measurements.
Before printing (System — [File Print] > "Print"), the analyzer checks whether a printer is
connected and turned on and whether the appropriate printer driver is installed.
Printer driver installation

If necessary, the printer driver installation is initiated using the operating system's "Add
Printer Wizard". The wizard is self-explanatory. A printer driver must be installed only
once.

A great variety of printer drivers is available on the analyzer. To obtain the complete
list, select "Settings" > "Devices" > "Printers & scanners" from the Windows® "Start"
menu.
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O To access Windows®, use the [ button in the toolbar of the application window.

You can load updated and improved driver versions or new drivers from an installation
disk, USB memory stick or another external storage medium. Alternatively, if the ana-
lyzer is integrated in a network, you can install driver data stored in a network directory.
In either case, use the "Add Printer" wizard to complete the installation.

Printer configuration

Use the "Printer Setup"” dialog of the firmware (System — [File Print] > "Print" >
"Print...") or the Windows® printer management to configure the printer properties and
printing preferences.

3.1.11.5 Connecting a LAN cable

A LAN cable can be connected to the LAN connector on the rear panel of the analyzer.
To establish a LAN connection, proceed as follows:

1. Refer to Chapter 12.1.2.1, "Assigning an IP address", on page 1789.

2. Connect a CAT6 or CAT7 LAN cable to the LAN port.

The LAN port of the analyzer is an auto-crossover Ethernet port. You can connect it to
a network, but you can also set up a direct connection to a computer or another instru-

ment. For both connection types, you can use either crossover or straight through
(patch) cables.

The IP address information is displayed in the System — [Setup] > "Remote Settings"
softtool tab.

3.1.11.6 Connecting a USB cable for remote control

The R&S ZNA can also be remote controlled via USB. To prepare for remote control
operation, connect a suitable USB cable to the type B "USB Device" port on the rear
panel of the instrument. With direct connection to a master device, a connecting cable
A-B (plug type A onto plug type B) must be used.

For more information, refer to Chapter 6.1, "Introduction to remote control",
on page 941.

3.2 Instrument tour

This chapter gives an overview of the control elements and connectors of the
R&S ZNA and gives all information that is necessary to put the instrument into opera-
tion and connect external devices.
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The meanings of the labels on the product are described in "Meaning of safety labels"
on page 17.

3.21 Front panel

The front panel of a R&S ZNA consists of a large-scale capacitive touchscreen and the
test port area below it.

Brief explanations on the controls and connectors can be found on the next pages.

ZNA - Vector Network Analyzer 10 MHz-435GHz |
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3.2.1.1 Touchscreen

The touchscreen is split into two parts: the application window with diagrams and soft-
tools on the left, and the control window with its (virtual) function keys and data entry
controls on the right. User interaction is touch-only, i.e. all hardkeys commonly used in
Rohde & Schwarz VNAs have been implemented in software.

Refer to the data sheet for the technical specifications of the touchscreen.
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Trace Stimulus

2 LEULAY D @E @D 0N o

Trc1 RN Smith 200 mU/ Ref 1U 1~ Trc2 G dBMag 10 dB/Ref 0 dB

=l Function §
Keys

Pwr

B Applic

Channel Offset
config MO prpeq Display Setup Preset

10 MHz Pwr -10dBm Stop 435GHz @ z Pwr -10 dBm

e dBMag 10 dB/Ref 0 dB

Data Entry
Panel

x1 -

«l abc

7/12/20193:14:42 PM

O Screen saver
= The screen saver function of the operating system can be used to switch off the display

if the analyzer receives no command for a selectable period of time. The display is
switched on again when the touchscreen is touched.

Application window
The left part of the touchscreen is reserved for the application window.

The application window presents the measurement results, mostly in form of diagrams.
The toolbar, softtools and menu bar give access to all instrument functions. For an
introduction to touchscreen operation, refer to Chapter 3.3.1, "Manual operation”,

on page 43.

The following sections contain further useful information about manual control of the
instrument.

® Refer to Chapter 3.3, "Operating the instrument", on page 43 to learn how to han-
dle traces and diagrams, and how to use menus, keys and softtools.

® Referto Chapter 4.2.1, "Display elements of a diagram", on page 124 to obtain
information about the results in the diagram.

® Refer to Chapter 5.18, "Display softtool", on page 847 to learn how to customize
the application window.
Control window: function keys

Most of the (virtual) keys in the upper part of the control window call up a related soft-
tool of the analyzer GUI. Every softtool, in turn, provides access to a group of related
settings and actions (see Chapter 3.3.2.3, "Softtools", on page 51).
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T The Trace keys give access to all trace settings, to the limit check settings, and to the
marker functions including marker search.

Meas Format  Scale

® [Meas]: select the measured and displayed quantity.

CT"E;E line | | Marker ® [Format]: define how measured data (traces) are presented.
onfig

® [Scale]: define how traces are scaled.

® [Trace Config]: store traces to memory and perform mathematical operations on
traces.

® [Line]: define limits for measurement results, visualize them in the diagrams and
activate/deactivate the limit check.

® [Marker]: position markers on a trace, configure their properties and select the for-
mat of the numerical readout. Markers can also be used to locate specific points on
the trace, define the sweep range, and scale the diagram.
Channel The Channel keys give access to channel-related settings.

L AMERE  ©  [Pwr Bw Avg]: define the power of the internal signal source, the IF bandwidth, and
Bw Avg the sweep average.

Channel Mode Offset °

Config i [Sweep]: define the scope of measurement, including the sweep type and the num-

ber of measured sweeps.
® [Call]: functions that are necessary to perform and manage calibrations.
® [Channel Config]: functions for channel management.
® [Mode]: set up channels for particular (non-standard) measurements.
e [Offset Embed]: functions for embedding and deembedding a DUT.

stimulus The Stimulus keys define the sweep range, depending on the sweep type.

Start  Stop ® [Start]

® [Stop]
Center  5Span ° [Center]
* [Span]
System The System keys give access to (or provide) general system functions.
File e [File Print]

DUT  Applic

Print
— Create, save or load recall sets.

Display Setup  Preset — Save or load trace data.

— Send the contents of the active diagrams to a file, to the clipboard, or to an
external printer (incl. content definition and printer setup).

® [DUT]: starting point for DUT-centric measurement setup.
— Define DUTs to be measured (type, properties)
— Choose the measurements to be performed on a selected DUT.
The analyzer firmware then helps you to set up the channels accordingly.
® [Applic]: external software tools and optional extensions of the analyzer firmware.

® [Display]: display settings and functions that activate, modify and arrange different
diagrams.

® [Setup]: general system settings that are not restricted to a particular recall set.
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® [Preset]: restores preset values.

Control window: data entry panel

The controls in the data entry panel are used to enter numbers, units, and characters.
The appearance of the panel depends on the data type of the setting selected in the
Application window.

File name:

Figure 3-1: Data Entry panel

left = numeric value

right = string value

While most of the keys have their standard keyboard functionality, some keys and con-
trols provide additional functionality:

® The [abc] and [123] keys switch between the numeric and the string keyboard.

® The wheel control at the right of the numerical data input panel increases and
decreases numerical values, and scrolls within lists.
[Step Size] opens an input box to select the steps (in units of the current physical
parameter) between two consecutive numerical values. The step size is also valid
for value changes using the up and down keys. See also Chapter 3.3.6.2, "Using
the numeric editor", on page 63.

Status LEDs

Ext. Ref. Cal RF Interlock Remote User Defined

Multi-color LEDs, indicating various HW and FW states:
e Ext. Ref.
Indicates whether an external reference clock is used.
— Off: the internal reference clock is used
— Green: the R&S ZNA is synchronized to an external reference clock
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— Yellow, flashing: the R&S ZNA is configured for external synchronization, but
cannot lock on the external reference clock.

e (Cal.
Indicates the calibration state of the active setup.
— Off: none of the traces (in the active setup) has a valid calibration
— Yellow: some of the traces have a valid calibration
— Green: all the traces have a valid calibration

® RF Interlock
RF interlock mode is activated by “RF Off Control” BNC connector on the rear
panel of the R&S ZNA (see Chapter 3.2.2, "Rear panel”, on page 41. In this
mode, RF sources are forced off.

— If the connector is terminated (electrical short), the RF interlock mode is inac-
tive and the LED is off (see picture below)

— If the connector is open, the RF interlock state is active and the LED is on
(red).

RF Off
Control

Figure 3-2: RF Off Control, terminated with attached Short

® Remote
Indicates whether a remote control (RC) connection is established.
— Off: no RC connection established
— Green: RC connection established

® User Defined
Persistent, user-defined state indicator. Can be set to off, green, green flashing,
red, or red flashing

3.21.3 Standby key

| =— The standby toggle switch is located in the bottom left corner of the front panel.

The key serves two main purposes:

® Toggle between standby and ready state; see Chapter 3.1.8, "Standby and ready
state", on page 29.

® Shut down the instrument; see Chapter 3.1.7, "Switching the instrument on and
off", on page 28.
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3.21.4 Front panel connectors

The test ports and three USB connectors are located on the front panel of the
R&S ZNA.

Test ports

Port 1 Numbered connectors:
=51 o 3.5mmmale for R&S ZNA26
@ e 292 mm (K) or 2.4 mm male for R&S ZNA43
e 2.4 mm male for R&S ZNA50
® 1.85 mm male for R&S ZNA67
The test ports serve as outputs for the RF stimulus signal and as inputs for the mea-
sured RF signals from the DUT (response signals).

® ith a single test port, it is possible to generate a stimulus signal and measure the
response signal in reflection. For a measurement example, refer to Chapter 3.4.2,
"Reflection S-parameter measurement", on page 78.

® \With more than one test port, it is possible to perform full two-port, 3-port, ..., or n-
port measurements; see Chapter 4.3.1, "S-parameters", on page 149.

@ ® Use atorque wrench when screwing RF cables on the test port connectors.
® See also Chapter 3.1.5, "Considerations for test setup”, on page 27.

Connector usage

Two LEDs above each test port indicate the connector usage:

® Tx on: connector is used as a source port

® Rx on: connector is used as a receive port

® both LEDs on: connector is used as a bidirectional (source and receive) port

Direct generator and receiver access

il es s Hardware option R&S ZNAxx-B16 provides direct access to the Ref, Source and Meas
= signal path for each test port of a R&S ZNAxx.

ﬁ ' The connector type of the 3 connector pairs is 2.92 mm (f) for R&S ZNA26 and
R&S ZNA43, and 1.85 mm (f) for R&S ZNA50 and R&S ZNA67.

@ See Chapter 4.7.27, "Direct generator/receiver access", on page 309.

USB connectors

The front panel offers three USB connectors of type A (master USB).

ooo:

The USB ports can be used to connect external devices, e.g.:

® external PC accessories such as mouse or other pointing devices, a keyboard,
printer or external storage device (USB stick, CD-ROM drive etc.)
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® external measurement equipment such as calibration units, power meters, fre-
quency converters, extension units, signal generators, or switch matrices

3.2.2 Rear panel

This section gives an overview of the rear panel elements of the network analyzer.

éome 3

Extemal Handier 10 External Data Logger REFE GPID

=7 | @

o 3 - | L )__—_
IF Raference & IF Meas & IF Relerence 3 IF Meas 3 e 7 s 7 eres
= 9 900 @0 8
A - . - - “

I6dEOcno ™,

Table 3-2: Rear panel elements available on all instruments

Index Label Description

1 System Drive Removable system drive of the R&S ZNA, containing all software (including the operating
system and the VNA application) and data. No other drive is built in. Do not remove the
system drive during operation.

Option R&S ZNA-B19 provides an additional removable system drive (including operating
system and firmware).

2 Display Port External monitor connector (DisplayPort); see Chapter 3.1.11.1, "Connecting a monitor",
on page 32.

3 DVI Digital only External monitor connector (DVI-D); see Chapter 3.1.11.1, "Connecting a monitor",
on page 32.

4 LAN RJ-45 connector to integrate the instrument to a Local Area Network, primarily for remote

control purposes; see Chapter 12.1.2.1, "Assigning an IP address", on page 1789.
See also Chapter 12.3.2, "LAN interface", on page 1795.

5 USB Type A USB host (master) connectors. Similar functionality as the USB connectors on the
front panel (see "USB connectors" on page 40).
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Index Label Description

6 USB Device Type B USB device (slave) connector for remote control of the instrument (see Chap-
ter 3.1.11.6, "Connecting a USB cable for remote control", on page 34).

7 1/0 Power on/off switch, see Chapter 3.1.7, "Switching the instrument on and off", on page 28

8 GPIB IEEE 488 GPIB bus connector according to standard IEEE 488 / IEC 625.
See Chapter 12.3.3, "GPIB interface", on page 1796.

9 External Handler 1O Used to connect an external Handler 1/0 (option R&S ZNBT-Z14), providing a Centronics
36 input/output connector.
Not yet supported.

10 External Data Logger Digital interface for data streaming.
Requires "Data Streaming Memory" option R&S ZNA-B7 (not yet available).

11 (Reference) In/Out SMA connector for external reference clock input or output.
®  |nput: 100 MHz or 1 GHz
®  Qutput: 100 MHz

12 (Reference) In/ BNC connectors for external reference clock input and output.
®  Input: 50 kHz to 100 MHz

(Reference) Out e Output: 10 MHz

13 Trigger In A BNC connector for an incoming external trigger signal (LV-TTL 3.3 V, 5V tolerant).
The optional trigger board R&S ZNA-B91 provides three additional trigger inputs (and four
trigger outputs).

14 User Port 25-pin D-Sub connector used as an input and output for other control signals (LV-TTL
3.3V, 5V tolerant).
See Chapter 12.3.1.1, "User Port", on page 1793.

15 (Ground connector) The ground connector provides the ground of the analyzer's supply voltage. Use this con-
nector for ESD protection; see "Preventing electrostatic discharge (ESD)" on page 28.

Table 3-3: Optional rear panel elements

Index Label Description

16 Converter LO Hardware option R&S ZNA-B8 provides a local oscillator output that is particularly useful
for driving mmWave converters.
See Chapter 4.7.25, "LO Out", on page 308.

17 Trigger In / Trigger Out BNC connectors for incoming/outgoing trigger signals (LV-TTL 3.3 V, 5 V tolerant).
Trigger inputs B to D and trigger outputs A to D are provided by the optional trigger board
R&S ZNA-B91.

18 PuMo In/Out BNC connectors for incoming/outgoing external pulse modulator control signals (LV-TTL
3.3V, 5V tolerant).
Requires the optional trigger board R&S ZNA-B91.

19 BNC connectors for other incoming/outgoing control signals (LV-TTL 3.3 V, 5 V tolerant).

®  Ready for Trigger (outgoing)

®  Busy (outgoing)

e  +28V Noise Source Control (outgoing)
e  RF Off Control (incoming)

Requires the optional trigger board R&S ZNA-B91.
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Index Label Description

21 RFFE GPIO Option R&S ZNA-B15 provides 2 independent RF Front-End (RFFE) interfaces and 10
General Purpose Input/Output (GPIO) pins on a single connector (25 pins, female). The
RFFE interfaces meet the MIPI® Alliance "System Power Management Interface Specifi-
cation".

22 Direct IF Access Input / Out- | Option R&S ZNA-B26 provides direct access to the IF signal paths.
put

3.3 Operating the instrument

The following sections describe the basics of manual operation, i.e. how to access
instrument functions and settings via the analyzer GUI. Manual operation is particularly
useful for getting to know the instrument and for trouble shooting.

Manual and remote control of the instrument

Manual control of the R&S ZNA is possible either via its touchscreen (without using a
mouse and/or keyboard), via locally connected monitor + mouse + keyboard (see
Chapter 3.1.11, "Connecting external accessories", on page 32), or via Remote Desk-
top (see also Chapter 12.1.2, "Remote operation in a LAN", on page 1789). Alternatively
it can be remote-controlled via the GPIB interface or a LAN connection.

Manual operation and remote control are described to their full extent in the GUI refer-
ence and Command reference chapters, respectively. GUI functions and their related
remote commands are linked bidirectionally. Background information is provided in the
Concepts and features chapter.

3.3.1 Manual operation

The analyzer functions are accessible via several tabbed softtools, each presenting
related functions and settings. The function keys on the control window open the most
frequently used softtools (see "Control window: function keys" on page 36).

Manual operation via function keys and softtools provides touch-friendly access to the
instrument functions and settings, avoiding complicated menu structures and long
operating sequences. In general, this approach is recommended. However, sometimes
the toolbar or an object's context menu can offer a shortcut. As a full-fledged alterna-
tive for manual operation via mouse and keyboard, also the menu bar provides access
to all instrument functions and settings.
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Trace stimulus

Meas Format Scale Start Stop

Trace

Config Line Marker Center  Span

Channel System

Pwr File .
5 cal DUT Appli
Bw Avg weep i Print PPl

Channel Mode Offset

Config Emiben] Display Setup  Preset

Figure 3-3: Function Keys

O Customizing the screen

The contents of the screen and the size and position of many display and control ele-
ments are not fixed. You can display or hide most elements. You can also drag and
drop traces and info fields.

Using the Touchscreen

To access an instrument function:

1. Press a (virtual) key, e.g. the [Meas] key in the Trace section.

The corresponding softtool expands at the current docking position.
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2. Make sure the "S-Params" radio button is selected.

3. Activate the desired softtool tab, e.g. "Wave".
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) Mixer
" Params

Setup ‘\

Measurement Wave

(@) 5-Params
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Src Port 1

b1
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b2
Src Port 1

a2
Src Port 2

b2
Src Port 2

b1
Src Port 2

More Wave
Quantities... .\

Wave Correction

4. Select a control element, e.g. "a1 Src Port 1".

The diagram immediately reflects your selection. The active trace shows the mea-
surement results for the selected measured quantity.

A control element with three dots (e.g. System — [Setup] > "Setup" > "System Con-

fig...") opens a dialog, containing a group of related settings, a wizard or additional
information.
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"2& System Config . = = X

Presets Calibration Userinterface Messages ChannelBits Advanced Powe P
Preset Scope Remote Preset Configuration Global Settings

Align *Rst to User Use Default

Instrument O Defined Preset Directories

Reset Printer

[_) Active Setup e

Preset Configuration

Set Factory
Preset

Instrument Start

D Start in Preset

Using the menu bar
The menu bar at the bottom of the application screen provides alternative access to all
instrument functions. To repeat the measured quantity selection described above,

» Select Trace — [Meas] > "S-Params" > "Wave" > "a1 Src Port 1".

The diagram immediately reflects your selection. The active trace shows the mea-
surement results for the selected measured quantity. At the same time, the related
softtool tab is opened.

Using context menus

Context menus are another alternative for quick access to instrument settings.

1. Touch and hold (right-click) the measured quantity section in the trace info for a
couple of seconds until the context menu appears.
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Tre1 FASIRN Lin Mag 25 Of Ref 250 0

522

S-Parameter...

b1fal Src Port 1
b2fal Src Port 1

More Ratios...

al5rc Port 1
b1 5rc Port 1
b2 Src Port 1
a2 Src Port 2

More Wave Quantities...

Color Scheme...

Define User Color...

2. Select "a1 Src Port 2".

3.3.2 Control elements of the application window

The application window of the analyzer provides all control elements for the measure-
ments and contains the diagrams for the results. There are several alternative ways for
accessing an instrument function:

® Using a function key on the (virtual) hardkey panel to open the related softtool (rec-
ommended, provides all settings)

® Using the menus and submenus of the menu bar (alternative to the previous
method)

® Using the context menus of certain display objects (for important actions in the
context of this object)

® Using the icons in the toolbar above the diagram area (for frequent global actions)
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These methods are described in more detail in the following sections.

For further reference:

® Refer to Chapter 4.2.1, "Display elements of a diagram”, on page 124 to obtain
information about the results in the diagram.

® Refer to Chapter 5.18, "Display softtool", on page 847 and learn how to customize
the screen.

3.3.2.1 Title bar

By default, the analyzer GUI is shown in full screen mode, covering the whole screen
and hiding the Windows taskbar. However, you can toggle the full screen mode using
System — [Display] > "View Bar" > "Title and Task Bar On".

If full screen mode is switched off, the main application window of the vector network
analyzer application provides a standard Windows® title bar.

% Vector Network Analyzer - Rohde & Schwarz ZNA - O X

3.3.2.2 Toolbar

The toolbar above the diagram area contains the most frequently used control ele-
ments of the user interface. All controls are also accessible via Softtools.

LAY T S=00OR
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The toolbar is divided into several icon groups, separated by vertical lines.

These icons represent the undo and redo actions that are also available
via the menu bar items "System" > "Undo" / "Redo".

Undo reverses the last action, redo reverses the last undo action (if possi-
ble).

These icons control the zoom function (Trace — [Scale] > " Zoom").

If multiple diagrams are configured, this icon toggles the "Maximize Dia-
gram" action for the active diagram (System — [Display] > "Diagram" >
"Maximize Diagram").

These icons implement the following actions, from left to right:

® Add a clone of the active trace to the active diagram (single tap; same
as Trace — [Trace Config] > "Traces" > "Add Trace") or to an
arbitrary/new one (drag & drop the "Trc+" icon to the diagram area).

®  Add a new marker to the active diagram (single tap; similar to Trace —
[Marker] > "Markers" > "Mkr<i>") or to an arbitrary one (drag & drop
the "Mkr+" icon).

® Delete the active trace (single tap the trash icon), or an arbitrary trace
(drag & drop its trace info field to the trash icon). Or delete all markers
of a trace (drag & drop the marker info field to the trash icon).

These icons provide the following actions, from left to right:

®  Print the current diagrams to a bitmap file (same as System —
[File Print] > "Print" > "To File...").
By default, all diagrams are printed, no matter if displayed or not.
However you can also choose to print only the active diagram (see
System — [File Print] > "Print" > "Print...").

®  Open the Windows® Start menu.

®  Open the context-sensitive help.
Restart the sweep in all channels (same as Channel — [Sweep] >
"Sweep Control" > "Restart Sweep")

Ll
S

These icons provide the following actions, from left to right:

® Toggle advanced diagram area editing, which makes rearranging
and/or deleting diagrams a breeze.

®  Toggle other measurements (except the active trace) OFF|ON

®  Open the METAS Reconnection dialog
This button is only visible if, option R&S ZNA-K50 "Measurement
Uncertainty Analysis™ is installed. It is only enabled, if a METAS cali-
bration is active.

®  Open the channel setup dialog

These icons provide the following actions, from left to right:

®  Open the ALC Config dialog
This button is only visible while ALC (automatic level control) is
enabled

®  Open the Source Coherence dialog
This button is only visible while source coherence is enabled, which
requires option R&S ZNA-K6.
See Chapter 4.7.4, "Phase coherent source control", on page 278.

Switch offlon all sources. This button is pinned to the right edge of the tool-
bar and is always visible
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O You can hide the toolbar using System — [Display] > "View Bar".

3.3.2.3 Softtools

Softtools display groups of related settings as a tabbed panel. They can be opened via
function keys, or via menu bar and context menu items.

x Auto Scale Scale Trace
Trace Values
Format Scale

Auto Scale Scale
Diagram Coupling

Line Marker
Auto Scale Diag.
{Common Scale)

Zoom

Scale/Div
10dB

Ref Value
0dB

Ref Pos
9

Max
10dB
Min

40 dB

|:| Continuous
Auto Scale Trace

Figure 3-4: Scale softtool

A softtool is a tabbed panel with a close icon. When the softtool is closed, the close
icon is replaced by a "hamburger" icon. The latter allows you to reopen the softtool.

Some controls on the softtool tabs allow you to read and modify settings (e.g. "Ref
Value" in the screenshot above), some perform actions (e.g. "Auto Scale Trace"), while
others open additional dialogs (button label ends with "...").

3.3.2.4 Menu bar

You can also access the analyzer functions via textual menus. The menu bar is located
below the diagram area:

File Trace Channel Display Application Systermn Help

As in any Windows® application, menus can be controlled with the touchscreen or a
mouse. A short tap (left mouse click) expands a menu or submenu. If a menu com-
mand has no submenu assigned, a short tap (left mouse click) opens a dialog or
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directly activates the menu command. When a (sub)menu is selected, the R&S ZNA
displays the corresponding softtool.
Overview of menu functions

® The "File" menu provides functions to handle recall sets and trace files, to print or
save diagram content, and to shut down the VNA application.

® The "Trace" menu provides all trace settings, the limit check settings, and the
marker functions including marker search.

® The "Channel" menu provides all channel settings and activates, modifies or stores
different channels.

® The "Display" menu provides all display settings and the functions for activating,
modifying and arranging different diagrams.

® The "Application" menu gives access to applications and tools that extend the func-
tionality of the analyzer firmware.

® The "System" menu provides functions that can be used to return to a defined
instrument state, reverse operations, access service functions and define various
system-related settings.

® The "Help" menu provides assistance with the network analyzer and its operation.

O You can toggle the visibility of the menu bar using System — [Display] > "View Bar" >
= "Menu Bar".

3.3.2.5 Menu structure

All menus show an analogous structure.

Mkr 1
Mkr 2
Mkr 3
Mkr 4

Ref Mkr

P v
Markers N Next Peak

Meas Marker Props ‘:}:\ Peak Left

Format Marker Search ;\:‘ Peak Right

Scale Multiple Peak

Trace Config Target Search

Jr{'_{i Search Range...
Lines Bandfilter

Set by Marker
Trace Channel Displs Info Field Marker Config...

-] -

Marker Coupling S\ Spectrum = Marker

User Manual 1178.6462.02 — 30 52



R&S®ZNA Getting Started

Operating the instrument

® A menu command with a right arrow expands a submenu with further related set-
tings.
Example: "Marker" expands a submenu with marker-related properties.

® A menu command with three dots appended calls up a dialog providing several
related settings.
Example: "Search Range" opens a dialog to define the search range for the
marker search.

® A menu command with no arrow or dots initiates an immediate action.
Example: "Max" sets the active marker to the maximum of the active trace.

3.3.2.6 Hardkey panel

The (virtual) "Hard Key" panel displays the control window's function keys inside the
main application window. For a short description of the function keys, refer to section
"Control window: function keys" on page 36.

Trace
Meas Format

Trace

SHE Config

Line Marker

Channel
Channel _
Config Sweep

Power
Bw Avg Mode

Offset

EO e

System

File

Print b

Display  Setup

Applic  Preset

Stimulus

Start Stop

Center  Span

monitor or Remote Desktop.

For the R&S ZNA, it is hidden by default. In "Single Window Mode", it is visible (see
Chapter 3.3.6.1, "Dual-window mode vs. single-window mode", on page 62).

O The "Hard Key" panel is particularly useful if the analyzer is controlled from an external
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You can display the "Hard Key" panel using one of the following methods:

® Select System — [Display] > "View Bar" > "Hard Key Panel".

® Select "Display"> "View Bar" > "Hard Key Panel On" from the menu bar.
® Select "Hard Key" from the context menu of the softtool panel.

Status bar

The status bar shows
® the active channel

® the current channel's sweep averaging counter (e.g. "Ch<i>: Avg 9/10"), or "Ch<i>:
Avg None" if averaging is disabled

® the progress of the sweep
The progress bar also shows when the R&S ZNA prepares a sweep with new
channel settings
(See Chapter 4.1.4, "Sweep control", on page 110)

e the "EXT REF" symbol, if an external reference clock is used for synchronization
(see "Ext Frequency" on page 896)

® a frequency converter symbol, if frequency converters are configured
(see Chapter 5.19.6, "Frequency Converter tab", on page 910)

® asymbol for redefined S-parameters, if the physical ports have been redefined
(see Chapter 5.19.8.2, "Define Physical Ports dialog", on page 928)

® the switch matrix status symbol, if a switch matrix is configured
(See Chapter 4.7.41, "External switch matrices", on page 326)

® the current date and time

Ch1: Avg None EXTREFSE) IR 7/29/2019 7:15:04 AM

Figure 3-5: R&S ZNA with frequency converters

Ch1: Avg None 1/3/2018 6:33:23 PM

Figure 3-6: R&S ZNA with switch matrix

The progress bar shows a moving color gradient if the current sweep is too fast to be
monitored, e.g. because the number of sweep points is low. You can hide/show the sta-
tus bar using System — [Display] > "View Bar" > "Status Bar".

Touchscreen gestures

A touchscreen allows you to interact with the software using various finger gestures on
the screen. The basic gestures supported by the software and most applications are
described here. Further actions using the same gestures may be possible.
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Tapping
Touch the screen quickly, usually on a specific element.

You can tap most elements on the screen; in particular, any elements you can also
click on with a mouse pointer.

Figure 3-7: Tapping

Double-tapping

Tap the screen twice, in quick succession.

Double-tap a diagram to maximize it or to restore its original size.
Dragging

Move your finger from one position to another on the display, keeping your finger on
the display the whole time.

T O
1=

By dragging your finger over a table or diagram you can pan the displayed area of the
table or diagram to show results that were previously out of view.

Figure 3-8: Dragging

Spreading and pinching two fingers
Move two fingers apart on the display (spread) or move two fingers together on the dis-
play (pinch).

These gestures take effect for diagrams only. The effect depends on the current zoom
mode (see Chapter 3.3.7, "Scaling diagrams", on page 66).

NV
O

® |n graphical zoom mode, when you spread two fingers in the display, you graphi-
cally zoom in vertically.
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Figure 3-9: Pinching

While "Zoom Select" is active (toolbar icon or softtool button is toggled on), spread-
ing and pinching is disabled. You can only select a rectangular area (using one fin-
ger) then.

® |n stimulus zoom mode, spreading and pinging is disabled by default. Only while
"Stim. Zoom Select" is active (toolbar icon or softtool button is toggled on), you can
use spreading and pinching to modify the sweep area and/or the vertical scaling.

Mouse vs. touch actions

Any user interface elements that react to actions by a mouse pointer also react to fin-
ger gestures on the screen, and vice versa. The following touch actions correspond to
mouse actions:

Table 3-4: Correlation of mouse and touch actions

Mouse operation Touch operation

Click Tap

Double-click Double-tap

Click and hold Touch and hold

Right-click Touch, hold for 1 second and release

Drag&drop (= click and hold, then drag and release) | Touch, then drag and release

n.a. (Change hardware settings) Spread and pinch two fingers

Mouse wheel to scroll up or down Swipe

Dragging scrollbars to scroll up or down, left or right | Swipe

In (graphical) zoom mode only: dragging the borders | Touch, then drag and release
of the displayed rectangle to change its size
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Example:

You can scroll through a long table in conventional mouse operation by clicking in the
table's scrollbar repeatedly. In touchscreen operation, you would scroll through the
table by dragging the table up and down with your finger.

3.3.4 Working with dialogs

Dialogs provide groups of related settings and allow to make selections and enter data
in an organized way. The settings are visualized, if possible. An example is shown
below.

":Q Balanced Ports

Predefined Config User Config Reference Impedance

Physical Ports

P1 P2

Logical Port Property (L1)
Single Ended Mode

Real(Z0) Imag(Z0) Connector

Use
D Default

L]

I
1
I
1
I
1
= o~ lenormalizatio ccording to
@1 O 12 Renormalization According to

Logical Ports (@ Travelling Waves evant if Im(Z0) of

(_) Power Waves

All dialogs are operated in a similar way.

® To open a dialog, select a softtool button with three dots appearing in its label (e.g.
"Start... (Manual)").

® The title bar of each dialog contains some convenience functions:

— Use the "Dialog Transparency" function to make the display elements behind
the dialog visible.

Dialog Transparency

Note: The "Dialog Transparency" is a global setting, i.e. it applies to all dialogs.
— Use the Eicon to create a screenshot of the dialog.
® Drag and drop the lower right corner of the dialog to modify its size.
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® Some dialogs are subdivided into tabs, containing groups of related settings. Acti-
vate a tab to access those settings.

See also Chapter 4.2.2.1, "Immediate vs. confirmed settings", on page 136.

O The Help system provides useful information about each dialog's specific settings.
= Select "Help" to open the Help.

3.3.5 Handling diagrams, traces, and markers

The analyzer displays measurement results as traces in rectangular diagrams. Markers
are used to read specific numerical values and to search for points or regions on a
trace. The following section presents some of the graphical tools the R&S ZNA pro-
vides for trace and marker handling.

o For further reference

Refer to Chapter 4, "Concepts and features”, on page 107 to learn more about traces,
channels, and screen elements.

3.3.5.1 Adding new traces and diagrams

A new trace is required if you want to measure and display an additional quantity.

Typical scenario: The transmission coefficient S, is measured as described in Chap-

ter 3.4.1, "Transmission S-parameter measurement", on page 71. A trace is added to
display the reflection coefficient S,; for comparison.

To create a trace:
Tred=
1.

Drag the "Trc+" icon from the toolbar into a diagram.

The diagram changes its color scheme and contents as shown below.
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2. Select the adequate drop position, depending on whether you want to display the
new trace in the existing diagram, or whether you want to add a new diagram. The
highlighted area indicates the target diagram.

10 dB/ Ref 0 dB

Split vertically, Add trace in Split vertically,
add trace to the existing diagram add trace to the
left right
Split horizontally,
add trace below

Start 100 kHz Pwr -10dBm

3. In the dialog box that is opened when you release the "New Trace" icon, select the
S-parameter to be measured.
For a four-port analyzer:

4'2& Mere Params @@

Define

S-Parameter

511
521
531
541

Detector Type

Detector Meas Time

Cancel 0 Help

The R&S ZNA generates a new trace for the selected S-parameter.
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O Alternative control elements

To measure a different quantity, select Trace — [Meas]. Drag and drop a softkey repre-
senting a measured quantity to create a trace. Or simply select another softkey to
change the measured quantity of the active trace.

Select Trace — [Trace Config] to access more trace handling functions. Select System
— [Display] to access more diagram handling functions.

3.3.5.2 Adding new markers

A marker is needed, for instance, to read a particular numerical trace value.

3 To add a new marker:
Mkr 4

® Drag and drop the "New Marker" icon from the toolbar to the desired position in the
target diagram.

« LQ . A .\ X
Trcl [Z10 dB Mag 2 dB/ Ref-10 4B 1w
‘ d

Start 10 MHz

The marker appears on the target diagram's active trace. The marker info field dis-
plays the stimulus value (x-axis value) and response value (y-axis value) at the
marker position. The response value varies as the analyzer continues performing
sweeps.

Trcl dBMag 2 dBfRef-10 dB

Chl| Start 10 MHz wr  -10 dBm Stop 6 GHz
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O Active trace, alternative control elements

The trace line of the active trace in the upper part of the diagram is highlighted. If the
diagram contains several traces, first activate the target trace, then add the marker.

The Trace — [Marker] softtool provides more functions for marker handling. In particu-
lar, any marker offered in the "Markers" tab can be positioned on the active trace using
drag & drop.

3.3.5.3 Deleting display elements

Markers, traces, diagrams, and other display elements are most conveniently deleted
using the "Delete" icon in the toolbar above the diagram area.

® To delete a single marker, drag it into vertical direction to release it from the trace
and drop it onto the "Delete" icon.
To delete a set of markers, drag and drop their marker info field onto the "Delete"
icon.
Deleting a marker and its info field also disables the associated marker function.
® To delete a trace, drag and drop its trace line onto the "Delete" icon. The active

trace can also be deleted by tapping/clicking the "Delete" icon.
Note however, that the last remaining trace cannot be deleted.

® To delete a diagram, drag and drop its diagram number label onto the "Delete"
icon.
Note however, that the last remaining diagram cannot be deleted.

® To delete a channel, drag and drop all associated traces onto the "Delete" icon.
Note however, that the last remaining channel cannot be deleted.

® To hide the limit lines and disable the limit check, drag and drop the PASS / FAIL
message onto the "Delete" icon. The limit line itself is not deleted; you can re-use it
any time.

The context menu of some display elements also provides the "Delete" function.

O Undo function

If you happen to delete a display element unintentionally, you can restore it using the
"Undo" toolbar icon.

3.3.5.4 Using drag and drop

You can drag and drop many of the R&S ZNA's control and display elements to change
their size and position. The drag and drop functionality is often more convenient to use
than the equivalent buttons of the softtool panels. The following table gives an over-
view.

Table 3-5: Drag and drop functionality for various screen elements

Screen element Action Drag and drop...
Diagram Create See Chapter 3.3.5.1, "Adding new traces and diagrams", on page 58
Resize Separator between adjacent diagrams
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Screen element Action Drag and drop...
Delete See Chapter 3.3.5.3, "Deleting display elements", on page 61

Trace Create See Chapter 3.3.5.1, "Adding new traces and diagrams", on page 58
Move vertically Reference line marker (right diagram edge)

Move into other or new | Trace line

diagram
Delete See Chapter 3.3.5.3, "Deleting display elements", on page 61
Reset / suspend "Zoom" element in additional trace line --> "Delete" icon; see Chapter 3.3.7.1,
graphic zoom "Using the graphical zoom", on page 66
Marker Create See Chapter 3.3.5.2, "Adding new markers", on page 60
Move horizontally Marker symbol
Delete Marker or marker info field --> "Delete" icon; see Chapter 3.3.5.3, "Deleting dis-
play elements”, on page 61
Marker info field Add See Chapter 3.3.5.2, "Adding new markers", on page 60

Move within diagram Marker info field (move to one of several pre-defined positions)

Delete See Chapter 3.3.5.3, "Deleting display elements”, on page 61

3.3.6 Entering data

The analyzer provides dialogs with various types of input fields where you can enter
numeric values and character data. Data entry with a mouse and an external keyboard
is a standard procedure known from other Windows® applications. However, there are
various other ways to enter data.

3.3.6.1 Dual-window mode vs. single-window mode
In dual-window mode (default), both the application window and the control window are

shown. Whenever you select an editable value, a suitable editor is displayed in the
data entry part of the control window.
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Start Frequency File name:

10 MHz Setl

See "Control window: data entry panel" on page 38.

In single-window mode (System — [Display] > "Config" > "Single Window Mode") only
the application window is shown, with its virtual Hardkey panel enabled. The values
can be edited in place, either using an external keyboard or by calling the VNA's
numeric editor or on-screen keyboard (see Chapter 3.3.6.2, "Using the numeric editor",
on page 63, or Chapter 3.3.6.3, "Using the analyzer's on-screen keyboard",

on page 64).

3.3.6.2 Using the numeric editor

The "Numeric Editor" is a tool for convenient entry and modification of numeric values.
It is available for all numeric input fields in the analyzer GUI.

The numeric editor is particularly useful in single-window mode. In dual-window mode,
a suitable editor is automatically displayed: whenever an editable value is selected in
the main window or a dialog, the data entry part of the control window is adjusted
accordingly. Hence in dual-window mode there is typically no need to open the numeric
editor.

Operation with touchscreen or mouse:

1. Double-tap (double-click) a numeric input field in a dialog or on a softtool to open
the numeric editor.
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EEE Numeric Editor

Start Frequency

Auto

2. Use the buttons in the numeric keypad to compose the numeric input value.

3. If desired, select a "Step Size" and use the cursor up/down buttons to increment/
decrement the current value. If a marker is active, you can also set the numeric
value to the current marker value ("Set to Marker").

4. After completing the input string, select "ENTER" to apply your selection and close
the numeric editor.

O [Step Size] key
S In dual-window mode, if a numeric input field is active, the [Step Size] key in the data
entry panel opens a dialog containing the "Step Size" panel of the numeric editor.
Select the adequate step size for efficient operation of the on-screen wheel (and
mouse wheel).

3.3.6.3 Using the analyzer's on-screen keyboard

The on-screen "Keyboard" allows you to enter characters, in particular letters, without
an external keyboard. It is available for all text input fields in the analyzer GUI.

The on-screen keyboard is particularly useful in single-window mode. In dual-window
mode, a suitable editor is automatically displayed: whenever an editable value is
selected in the main window or a dialog, the data entry part of the control window is
adjusted accordingly. Hence in dual-window mode there is typically no need to open
the on-screen keyboard.
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For the following procedure, we assume single-window mode.

1. Activate a character data input field in a softtool or a dialog.
Double-tap/click the input field to open the on-screen keyboard.

Select character buttons to compose the input string.

A w0 DN

Select "Enter" to apply your selection and close the keyboard.

3.3.6.4 Using the Windows® on-screen keyboard

The Windows® on-screen keyboard allows you to enter characters, in particular letters,
even if an input field cannot call up the analyzer's own on-screen keyboard. Examples
are input fields in standard Windows © dialogs.

Home PgUp
End PgDn
Insert Pause

PriScn Scrlk

Alt  Ctrl < hYd > Options  Help

Figure 3-10: Windows 10 on-screen keyboard

To call up the on-screen keyboard:

1. Open the System — [Applic] softtool.
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2. Select "External Tools"

3. Select "Screen Keyboard".

3.3.7 Scaling diagrams

The analyzer provides various tools for customizing the diagrams and for setting the
sweep range. Choose the method that is most convenient for you.

3.3.7.1 Using the graphical zoom

The graphical zoom function magnifies a rectangular portion of the diagram (zoom win-
dow) to fill the entire diagram area. The sweep points are not affected.

The graphical zoom function is only supported for cartesian trace formats. For (inver-
ted) Smith and polar diagrams, it is not available.

aQ)

E To activate the graphical zoom:

® Select the "Zoom Config" icon in the toolbar above the diagram area and make
sure that the graphical zoom mode is active:

v Mode Graphical Zoom

Mede Stimulus Zoom

: Open Zoom 5oft Tool

® Select the "Zoom Select" toggle button in the toolbar above the diagram area.

The icon changes its background color from black to blue.
® In the active diagram area, select an appropriate rectangular area.
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The zoomed view shows the selected rectangle, scaled in both horizontal and verti-
cal direction. In general, the zoom window covers only a part of the sweep range;
the horizontal distance between the sweep points increases. The reduced display
range is indicated in an additional zoom line in the channel info area.

Chl Start 1GHz - Pwr  -10 dBm Stop 6 GHz

Start 3.92 GHz Zoom  Trcl Stop 5.96 GHz

Use the "Zoom Reset" icon to restore the original diagram. Alternatively, you can drag
and drop the "Zoom" label from the additional channel info line onto the [ toolbar but-
ton.

Alternative settings

aQ) a

® The Trace — [Scale] > "Zoom" softtool tab allows you to define the displayed zoom
range numerically.
It can also be opened from the menu of the "Zoom Config" toolbar icon.

® |f the active diagram is graphically zoomed, "Overview On" in the "Zoom" softtool
tab toggles an overview. The upper part of the diagram then shows a small version
of the unzoomed diagram. You can move the zoomed part of the trace by moving
the rectangular area in the overview.

wr -10dBm Bw 10kHz

Start 4.51GHz ——— Zoom Trc3TrcdTrcs 3.2 |:|E!_,-" Ref 0 dB Stl::-r: 5.53 GHz

® To zoom the stimulus range (keeping the number of sweep points constant), use
the "Zoom Config" toolbar icon and select "Mode Stimulus Zoom". Then use the
"Zoom Select" icon to narrow the sweep range and adjust the vertical scaling.

Refer to the R&S ZNA Help or User Manual for details.
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3.3.7.2 Setting the sweep range

The sweep range for all related channels is displayed in the channel info area at the
bottom of each diagram:

Chl Start 10 MHz — Pwr -10dBm Bw T0kHz 4 GHz
Ch2 Start 1GHz = Pwr -10dBm Bw T0kHz 6 GHz

Ch3 Start 5GHz = Pwr -10dBm Bw 10kHz 8.5 GHz

Tred Start -Tns Time Domain 4 ns

To change the sweep range of the active channel, use one of the following methods:

® Use the [Start], [Stop], [Center], and [Span] function keys from the Stimulus sec-
tion.

® Double-tap (with a mouse: double-click) the "Start" or "Stop" label in the channel
list.

® Tap and hold (with a mouse: right-click) the "Start" or "Stop" label in the channel list
and select "Start Frequency", "Stop Frequency", "Center Frequency", or "Fre-
quency Span" from the context menu.

® Select "Start Frequency", "Stop Frequency", "Center Frequency", "Span Fre-
quency" from the "Channel" > "Stimulus" menu.

® Use the "Set by Marker" functions (Trace — [Marker] > "Set by Marker"; see Chap-
ter 3.3.7.6, "Set by marker", on page 69).

3.3.7.3 Reference value and position

The analyzer provides three parameters for changing the scale of the vertical
(response) axis:

® (Changing the "Ref Value" or "Ref Pos" shifts the trace in vertical direction and
adjusts the labels of the vertical axis. "Ref Value" also works for radial diagrams.

® Changing the "Scale/Div" modifies the value of the vertical or radial diagram divi-
sions and thus the entire range of response values displayed.

The "Scale/Div" and the "Ref Value" are indicated in the scale section of the trace info.
In the example below, a "Scale/Div" of 10 dB and a "Ref Value" of 0 dB is used.

Trc1 B30 dBMag 10dB/Ref0dB Math

To change such a scale parameter, use one of the following methods:
® Open the Trace — [Scale] > "Scale Values" softtool tab and proceed from there.

® Tap and hold (with a mouse: right-click) the scale section in the trace info and
select a setting from the context menu.

® Select a setting from the "Trace" > "Scale" menu.

® Use "Set by Marker" functions (Trace — [Marker] > "Set by Marker"; see Chap-
ter 3.3.7.6, "Set by marker", on page 69).
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3.3.7.4 Auto scale

The "Auto Scale" function adjusts the scale divisions and the reference value so that
the entire trace fits into the diagram. To access "Auto Scale", use one of the following
methods:

® Open the Trace — [Scale] > "Scale Values" softtool tab and select "Auto Scale
Trace" or "Auto Scale Diagram".

® Tap and hold (with a mouse: right-click) the scale section in the trace info and
select "Auto Scale Trace" from the context menu.

® Select "Auto Scale Trace" or "Auto Scale Diagram" from the "Trace" > "Scale"
menu.

3.3.7.5 Circular diagrams

The radial scale of a circular diagram ("Polar", "Smith" or "Inverted Smith") can be
changed with a single linear parameter, the "Ref Value". The reference value defines
the radius of the outer circumference.

® Increasing the "Ref Value" scales down the polar diagram.
® Decreasing the "Ref Value" magnifies the polar diagram.

The "Ref Value" is indicated in the scale section of the trace info.

To change the "Ref Value" setting, use one of the following methods:
® |[ocate it on the Trace — [Scale] > "Scale Values" softtool tab.

® Tap and hold (with a mouse: right-click) the scale section in the trace info and
select the parameter from the context menu.

® Select the parameter from the "Trace" > "Scale" menu.

® Use the "Set by Marker" functions; see Chapter 3.3.7.6, "Set by marker",
on page 69.

3.3.7.6 Set by marker

The "Set by Marker" functions are a convenient tool for scaling (in particular: magnify-
ing) diagrams without entering explicit numeric values. You simply place a marker to a
trace point and use the marker values to change the sweep range or move the trace
relative to the vertical axis. The touchscreen or a mouse makes it easier to activate
(touch/click) or move (drag and drop) markers.
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To set the sweep range using markers, use one of the following methods.

Set "Start" and "Stop" values in the diagram:

1. Create two normal markers, e.g. the markers "Mkr 1" (default label "M1") and "Mkr
2" (default label "M2").
See Chapter 3.3.5.2, "Adding new markers", on page 60.

2. Place "M1" to the start value of the desired sweep range and tap Trace — [Marker]
> "Set by Marker" > "Start = Marker".

3. Place "M2" to the stop value of the desired sweep range and tap Trace — [Marker]
> "Set by Marker" > "Stop = Marker".

Use a definite "Span:"

1. Create a marker.

2. Enable "Delta Mode" for this marker.
The analyzer automatically creates an additional reference marker.

3. Place the reference marker to the start value of the desired sweep range.

4. Set the value of the delta marker to the desired sweep range and tap Trace —
[Marker] > "Set by Marker" > "Span = Marker".

To move the trace in vertical direction, proceed as follows:

1. Create a normal marker, e.g. the marker "Mkr 1" (default label "M1").

2. Place "M1" to a particular trace point, e.g. use the "Marker Search" functions to
locate a maximum or minimum on the trace.

3. Select Trace — [Marker] > "Set by Marker" > "Max = Marker" to move the trace
towards the upper diagram edge, leaving the values of the vertical divisions
("Scale/Div") and the overall vertical scale unchanged. Analogously, select "Min =
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Marker" to move the trace towards the lower diagram edge, or select "Ref Val =
Marker" to move the trace towards the "Ref Value".

O You can also use marker values in the "Numeric Editor"; see Chapter 3.3.6.2, "Using
= the numeric editor", on page 63.

3.3.7.7 Enlarging a diagram

The analyzer provides different tools for customizing the contents and size of the dia-

grams:

® Select b from the toolbar to maximize the active diagram. Or, equivalently, select
System — [Display] > "Diagram" > "Maximize Diagram".
If enabled the active diagram is always maximized.

® The "Menu Bar", the "Status Bar", the "Hard Key Panel", and the "Title Bar" can be
hidden to gain space for the diagrams (System — [Display] > "View Bar").

® The System — [Display] > "Config" softtool tab defines optional display elements for
the interior of the diagrams.

Use the context menu of the diagram, the System — [Display] key or the "Display”
menu to access the display settings.

3.4 Performing measurements

This chapter takes you through a sample session with a R&S ZNA network analyzer
and describes basic operation tasks.

@ Prerequisite
The instrument is set up, connected to the mains system, and started up as described
in Chapter 3.1, "Preparing for use", on page 24.

3.4.1 Transmission S-parameter measurement

In a transmission measurement, the analyzer transmits a stimulus signal to the input
port of the device under test (DUT) and measures the transmitted wave at the DUT's
output port. The trace settings allow you to select the measured quantities and display
formats, depending on what you want to learn from the data. A minimum of two ana-
lyzer test ports are required for transmission measurements.

In the following example, the analyzer is set up for a two-port transmission measure-
ment. A frequency sweep range is selected, the instrument is calibrated and the mea-
surement result is analyzed using various display formats.
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3.4.1.1 Connecting the instrument for transmission measurements

To prepare a transmission measurement, you have to connect your DUT (which for
simplicity we assume to have appropriate connectors) in-between a pair of analyzer
test ports. It is recommended that you preset the R&S ZNA to start from a well-defined
instrument state.

VNA

OO

1 DUT >

1. Connect the DUT between test ports 1 and 2 of the network analyzer as shown
above.

2. Use the [Preset] key to restore a well-defined instrument state.

The analyzer is now set to its default state. The default measured quantity is the
transmission S-parameter S;.

Trc dBMag 10 dB/ Ref 0 dB

O Select Trace — [Trace Config] and use the control elements in the "Traces" softtool tab
= if you wish to create additional traces and diagrams.
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3.4.1.2 Selecting the sweep range and other parameters

3.41.3

After a system preset the display shows a diagram with a dB magnitude scale, and the
S-parameter S, is selected as a measured quantity. This S-parameter is the forward
transmission coefficient of the DUT. It is defined as the ratio of the transmitted wave at
the DUT's output port (port no. 2) to the incident wave at the DUT's input port (port no.
1).

The R&S ZNA automatically adjusts its internal source and receiver to the selected
measured quantities: For an S,; measurement, a stimulus signal (termed a,) is trans-
mitted at the analyzer port no. 1; the transmitted wave (termed b,) is measured at port
2. The stimulus signal from the analyzer port no. 2 is not needed except for some cali-
bration types.

By default the sweep range is set to the frequency range of the analyzer, which can be
unsuitable for your DUT. The following procedure shows you how to configure a
smaller sweep range.

1. Select Stimulus — [Start] and set the "Start Frequency" to the lowest frequency you
want to measure (e.g. 1.77 GHz).

2. Inthe "Stop Frequency" input field, enter the highest frequency you want to mea-
sure (e.g. 2.5 GHz).

3. Select Trace — [Scale] > "Scale Values" and activate the "Auto Scale Trace" func-
tion. The analyzer adjusts the scale of the diagram to fit in the entire S, trace,

leaving an appropriate display margin.

Trc dBMag 02 dB/Ref-5.8 dB

Chl| Start 1.77 GHz Pwr -10 dBm Stop 2.5 GHz

Tip: Refer to Chapter 3.3.7, "Scaling diagrams", on page 66 to learn more about
the different methods and tools for diagram scaling.

Calibrating the instrument

Calibration (system error correction) is the process of eliminating systematic, reprodu-
cible errors from the measurement results. E.g., in the current test setup, the connect-
ing cables between the analyzer ports and the DUT introduce an attenuation and a
phase shift of the waves. Both effects impair the accuracy of the S-parameter mea-
surement.

The analyzer provides a wide range of sophisticated calibration methods for all types of
measurements. The calibration method to select depends on the expected system
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errors, the accuracy requirements of the measurement, on the test setup and on the
types of calibration standards available.

The following example requires a calibration kit with a male Through standard with
known transmission characteristics for the related test port connector type and gender.
With a single Through, it is possible to perform a transmission normalization, compen-
sating for a frequency-dependent attenuation and phase shift in the signal paths.

Due to the R&S ZNA's calibration wizard, calibration is a straightforward, guided proc-
ess.

1. Replace the DUT by the Through standard of your calibration kit. Make sure to dis-
connect all calibration units.

2. Select Channel — [Cal] > "Configure/Start Calibration..." to open the calibration
setup dialog.

3. "Delete" all except the first row in the "Cal Settings" table. If the table is empty, use
"Add" to create a calibration setup.

Cal. Settings

Cal Kit

Common Port Calibration Port 1

UosM +++ 3.5 mm Ideal Kit 3.5 mn

4. Tap on the "Calibration" cell of the first row in the "Cal Settings" table to open the
"Define Calibration" dialog.

5. Select port 1 (P1) and port 2 (P2) and the calibration type "Trans Norm".
4'2# Define Calibration
Ports Type

X ) ) ) ) —

P3 Refl Norm Refl Nerm Refl OGM 05M Scalar  IELELETUM  Trans Nerm One Path
Open Short Mixer Both Two Ports

— —

P2 I S I R I S R ¢

— -— —

P4 UosM TRL TNA

— —

) ) ( ) (

— —

Adapter P-Ref UOSM Scalar  OSM Vecter UOSM Scalar
Removal Receiver Mixer Mixer Vector Mixer

Deselect
All

6. Select "OK" to apply your settings and return to the calibration setup dialog "Cali-
bration Setting" wizard.
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7. Select the test port connector type and gender (here: N 50 Q, female, correspond-
ing to a male Through standard), and the calibration kit (here: R&S ZV-Z121).

SIITEIDN N500Q N 500 [ ] Default Conn.
Eenie Femnale Female [] same Gen.

Default for + Add
all Channels Cal. Settings

Commeon Port Calibration

Port 1 Trans Norm === ZV-Z121
8. Tap "Start Cal".

9. The calibration dock widget indicates the standard measurements that make up a
"Trans Norm" calibration.
Select "Through (mm)" to initiate the measurement of the connected Through stan-
dard. Measuring the isolation between ports 1 and 2 is optional. Skip it for now.

Trcl dB Mag i Trc2 72l Phase
P[1_2Thru_M dB Mag pr1_21Thru_P XY Phase

Chl| Start 1.77GHz Pwr -10dBm Stop 2.5GHz Rl Start 1.77GHz Pwr -10dBm

% P1O=0 P2

3.5 mm (m)
3.5 mm |deal Kit

Stop 2.5 GHz

Through
(ff}

- Ch1

| Isclation

Calibration

Restart Swee
on Std. Meas.p " Apply Cancel 0 Help

The analyzer performs a calibration sweep for the measured quantity S,;. The

magnitude and phase of the result is displayed in two diagrams, together with the
expected typical result for a Through standard. The similarity of real and expected
traces indicates that the Through standard has been properly connected. After the

R&S ZNA has completed the calibration sweep and calculated the correction data,
the "Apply" button is enabled.

10. Select "Apply" to close the wizard.

The system error correction is calculated and applied to the current channel. A
"Cal" label appears in the trace list.
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To proceed with the measurement, remove the Through standard and connect the DUT
again.

Evaluating data

The analyzer provides various tools to optimize the display and analyze the measure-
ment data. For instance, you can use markers to determine maxima and minima on the
trace, and change the display format to obtain information about the group delay of the
transmitted wave.

1.

Select Trace — [Marker] > "Markers" > "Mkr 1".

This places marker "M1" to its default position (center of the sweep range). A
marker symbol (triangle) appears on the trace, a marker info field in the upper right
corner of the diagram. The marker info field displays the stimulus value (frequency)
and response value (magnitude of the transmission coefficient converted to a dB
value) at the marker position.

Trc dBMag 2 dB/Ref-10dB Cal Off

Ehl Start 1GHz Pwr -10dBm Bw 10kHz Stop 6 GHz

Select Trace — [Marker], activate the "Marker Search" softtool tab and activate
"Min" search.

The marker jumps to the absolute minimum of the curve in the entire sweep range.
The marker info field shows the coordinates of the new marker position.

Select Trace — [Format] and choose the "Delay" of the transmission coefficient as
displayed quantity.

The group delay represents the propagation time of the wave through the DUT; it is
displayed in a Cartesian diagram. The marker info field shows the frequency and
group delay at the marker position.
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Trc Delay 200 ps/Ref0s Cal Off

Ehl Start 1GHz Pwr -10dBm Bw 10kHz Stop 6 GHz

Refer to Chapter 4.2.3, "Trace formats", on page 140 to learn more about the diagram
properties.

Saving and printing data

The analyzer provides standard functions for saving measurement settings and for
saving or printing the results. You can use these functions as if you were working on a
standard PC. Moreover you can export your trace data to an ASCII file and reuse it in a
later session or in an external application.

Data transfer is made easier if external accessories are connected to the analyzer or if
the instrument is integrated into a LAN. Refer to Chapter 3.1.11, "Connecting external
accessories", on page 32, and Chapter 12.1.2, "Remote operation in a LAN",

on page 1789 to obtain information about the necessary steps.

1. Activate the System — [File Print] > "Trace Data" softtool tab.

2. Inthe "Trace Data" softtool tab, select "Export" — "ASCII..." to open the "Export
Data - ASCII Files" dialog.

3. Inthe "Export Data - ASCII Files" dialog:

a) Select a file location ("Look in:").
b) Enter a file name ("File name:").
c) Select "Save".

The analyzer writes the data of the active trace to an ASCII file and closes the dia-
log.
4. Activate the "Print" softtool tab (System — [File Print] > "Print") .

5. In the "Print" softtool tab, select "Print" to print the diagram area or "To Clipboard"
to copy it to the Windows clipboard.

6. Select System — [File Print] > "Recall Sets" > "Save..." to open the "Save" dialog for
recall sets.
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In the "Save" dialog:

a) Select a file location ("Look in:").
b) Enter a name for the recall set file ("File name:").
c) Select "Save".

The analyzer saves the active recall set, containing channel, stimulus and trace
settings, to a znxm1 file. This recall set can be restored in a later session.

Reflection S-parameter measurement

In a reflection measurement, the analyzer transmits a stimulus signal to the input port
of the device under test (DUT) and measures the reflected wave. Different trace for-
mats allow you to express and display the results, depending on what you want to
learn from the data. Only one analyzer test port is required for reflection measure-
ments.

In principle, a reflection measurement involves the same steps as a transmission mea-
surement. Note the following differences:

The basic test setup for reflection measurements involves a single DUT and ana-
lyzer port. For instance, you can connect the input of your DUT to port 1 of the ana-
lyzer as shown below.

VNA

1 DUT

You can also use the basic transmission test setup, e.g. if you want to measure
reflection and transmission parameters in parallel.

The analyzer provides special calibration types for reflection measurements. Use
the calibration wizard and select an appropriate type.

A full n-port calibration (TOSM, UOSM, TNA ...) corrects the system errors for all
transmission and reflection S-parameters.
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® Some of the trace formats are particularly suited for reflection measurements. For
instance, you can display the measured reflection coefficient S; in a Smith chart to
obtain the complex input impedance at port 1.

Trc Smith 200 mU/Ref 1U

Chl Start 1.77 GHz Pwr -10 dBm Stop 2.5 GHz

Proceed as described in Chapter 3.1.7, "Switching the instrument on and off",
on page 28 to shut down your analyzer.

3.5 Getting started with R&S ZNAG7EXT

This section provides getting started information on the R&S ZNAG7EXT family of
110 GHz VNA systems. These systems are based on:

® A vector network analyzer R&S®ZNAG7, order no. 1332.4500Kyy, either with two
ports (yy=62) or with four ports (yy=64).

® Two or four external test sets, each consisting of:

— A frequency converter R&S®ZVA-Z110, WM-2540 (WR10), order no.
1352.1642.yy, either standard power (yy=40) or high power (yy=50)

— Adiplexer R&S®ZVA-ZD110, order no. 1314.4002.zz, either with connectors on
the left side (zz=12) or on the right side (zz=18)
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3.5.1 Safety and regulatory information

The product documentation helps you use the product safely and efficiently. Follow the
instructions provided here and in the following chapters.
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Intended use

Rohde & Schwarz vector network analyzers and millimeterwave converters

R&S ZNAG7EXT are intended for the development, production and verification of elec-
tronic components and devices in industrial, administrative, and laboratory environ-
ments. Only use them for their designated purpose. Observe the operating conditions
and performance limits stated in the data sheet.

Where do | find safety information?

Safety information is part of the product documentation. It warns you of potential dan-
gers and gives instructions on how to prevent personal injury or damage caused by
dangerous situations. Safety information is provided as follows:

® Multilingual safety information is provided in the printed Getting Started guide of
the R&S ZNAB7EXT, and delivered with the system's R&S ZNAG67.

® Throughout the documentation, safety instructions are provided when you need to
take care during setup or operation.

3.5.1.1 Labels on the external test sets

Labels on the frequency converters and diplexers inform about:
® Product and environment safety
® |dentification of the product

Table 3-6: Labels regarding product and environment safety

Labeling in line with EN 50419 for disposal of electrical and electronic equipment after the prod-
uct has come to the end of its service life. For more information, see "Disposing electrical and
[r— electronic equipment” on page 1787.

A Take care when handling electrostatic sensitive devices.

Arad

3.5.1.2 Warning messages in the documentation

A warning message points out a risk or danger that you need to be aware of. The sig-
nal word indicates the severity of the safety hazard and how likely it will occur if you do
not follow the safety precautions.

NOTICE

Potential risks of damage. Could result in damage to the supported product or to other
property.
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3.5.2 Key features

The 1.0 mm VNA system R&S ZNAG7EXT can sweep through a frequency range from
10 MHz to 110 GHz continuously. It.supports two different measurement modes:

® Measurements with internal test sets cover a frequency range between 10 MHz
and 67 GHz.
The R&S ZNAG7EXT is based on a vector network analyzer R&S ZNA67. Connect
the DUT to any of the test ports of the R&S ZNA and measure its properties as
described in the R&S ZNA user manual (see https://www.rohde-schwarz.com/
manual/ZNA) or help system.

® Measurements with external test sets cover an extended frequency range between
10 MHz and 110 GHz. The DUT is connected to the 1 mm connectors at the front
of the diplexers R&S ZVA-ZD110. This measurement mode is described in the
present manual.

This manual describes the external test sets and their connection to the DUT and to
the R&S ZNA. A typical measurement example is presented in Chapter 3.5.7, "Basic
operation”, on page 99.

o The measurement mode of each VNA port is selected in the Converter Configuration
= dialog.

® "Converter Type" > "None": internal test sets
® "Converter Type" > "ZNAB7EXT-TS": external test sets

® Selecting another "Converter Type" allows you to measure within the selected con-
verter's frequency range.

Operation with external test sets

The external test sets enable a frequency range between 10 MHz and 110 GHz. The
analyzer combines two different measurement methods to achieve this extended
range.

® At frequencies below approx. 67 GHz (i.e. in "low frequency" mode), the frequency
converter in the external test set is bypassed. The source signal of the respective
analyzer port is directly fed to the 1 mm test port connector of the diplexer. The net-
work analyzer measures the a-waves and b-waves from the Ref Out and Meas Out
on the diplexer, respectively. The RF connectors LO IN, RF IN, REF OUT, and
MEAS OUT on the connector panel of the converter are not used.

® To achieve frequencies above approx. 67 GHz (i.e. to measure in "high frequency"
mode), the frequency converter in the external test set is used. The source signal
of the respective analyzer port is fed to the frequency converter, and the converted
signal is routed to the 1 mm test port connector of the diplexer. The frequency con-
verter uses frequency multipliers to transform the source signal into a high-fre-
quency stimulus signal. A local oscillator (LO) signal from the Converter LO output
of the analyzer (R&S ZNA-B8) is used for down-conversion of the reference and
measurement channels. If more than one converter is used, a power divider feeds
the LO signal to the converters. This test setup ensures a stable phase relationship
between the LO IN signals of the converters.
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The analyzer measures the a-waves from REF OUT and the b-waves from MEAS
OUT on the converters. The RF connectors REF OUT, MEAS OUT on the rear
panel of the diplexers are not used.

The network analyzer automatically switches between low frequency and high fre-
quency mode, depending on the stimulus frequency; see "H/L SWITCH" on page 90.
There is no need to change the test setup and cabling.

3.5.3 Preparing for use

Here, you can find basic information about setting up the product for the first time.

3.5.3.1 Unpacking and checking

When you receive your VNA system, please take the following steps:
1. Unpack the contents from the cardboard shipping boxes.

2. Retain the original packing material. Use it when transporting or shipping the prod-
uct later.

3. Using the delivery notes, check the equipment for completeness.
The shipment must include the items listed in Table 3-7.

4. Follow the instructions given in the "Preparing for use" chapter of the R&S ZNA's
Getting Started guide.

5. Remove the protective caps from the 1 mm test ports at the front of the diplexer
elements. Carefully inspect the converters and diplexers. If you notice any dam-
age, immediately notify the shipping company.
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3.5.3.2

3.5.3.3

T4 MAX. £90% 3m INPUT

O A

MEAS DUT

3.5.34

Getting started with R&S ZNAG7EXT

RF and LO cables between VNA test ports and diplexers are not part of the standard
delivery. See "Cable sets (optional)" on page 98.

Choosing the operating site

Specific operating conditions ensure proper operation and avoid damage to the prod-
uct and connected devices. For information on environmental conditions such as ambi-
ent temperature and humidity, see data sheet.

Adjusting the feet of the test set

The frequency converter can be used with three or four feet attached to the bottom
side. If possible, use three feet: two in front and one in the middle of the rear.

STy MAX. #90°% Bm INPUT
[y &y

MEAS DUT

©

=

L
(), L1

Fl: B SHITTI LM /B0 Y -
FI: IECSHET T LM/ B0 Y -

REF OUT

25 r‘b$ -

Figure 3-11: Setup with one rear foot (left) and two rear feet (right)

Two additional feet support the diplexer. Typically, the external test set can be aligned
as follows:

1. Screw the diplexer feet and the front feet into the instrument as far as possible.
2. Use the rear foot to align the entire test set parallel to the surface of the bench top.

3. When you connect a DUT in-between two test sets (see Chapter 3.5.7.6, "Mount-
ing a DUT", on page 106), use the diplexer feet for further alignment.

Considerations for test setup

Cable selection and electromagnetic interference (EMI)

Electromagnetic interference (EMI) can affect the measurement results.
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To suppress electromagnetic radiation during operation:
® Use high-quality shielded RF cables.
® Always terminate open cable ends.

Signal input and output levels

Information on signal levels is provided in the data sheet. Keep the signal levels within
the specified ranges to avoid damage to the product and connected devices.

Preventing electrostatic discharge (ESD)

Electrostatic discharge is most likely to occur when you connect or disconnect a DUT.

» NOTICE! Electrostatic discharge can damage the electronic components of the
product and the device under test (DUT).

Ground yourself to prevent electrostatic discharge damage:

a) Use a wrist strap and cord to connect yourself to ground.
b) Use a conductive floor mat and heel strap combination.

3.5.4 System tour

3.5.4.1 \Vector network analyzer R&S ZNA67

The VNA system R&S ZNAG7EXT is based on a two- or four-port vector network ana-
lyzer R&S ZNAG7, order no. 1332.4500Kyy, either with two ports (yy=62) or with four
ports (yy=64), and equipped with:
® Dedicated LO output connector (HW option R&S ZNA-B8)
See Chapter 4.7.25, "LO Out", on page 308.
® Direct generator/receiver access (HW option R&S ZNA67-B16)
See Chapter 4.7.27, "Direct generator/receiver access", on page 309.
® Direct IF access (HW option R&S ZNA-B26)
See Chapter 4.7.30, "Direct IF access", on page 311.
® Receiver step attenuators R&S ZNA67-B3y at all test ports
See Chapter 4.7.31, "Receiver step attenuators", on page 312.
e SW option R&S ZNA-K8 "Frequency converter control”
See Chapter 4.7.7, "Millimeter-wave converter support", on page 284.
® SW option R&S ZNAG67-K110 "Continuous Sweep up to 110 GHz for R&S ZNAG7"

See Chapter 4.7.14, "Continuous sweep up to 110 GHz (R&S ZNAG7EXT only)",
on page 300.

O SW option R&S ZNA67-K110 is only available with the R&S ZNAG7EXT. It cannot be
= installed on a regular R&S ZNAG7.
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3.5.4.2 Frequency converters
The R&S ZNAG7EXT is delivered with two or four fully assembled external test sets, as
described in Chapter 3.5.4.3, "Diplexers", on page 88. The open connectors of the
converter are described in the following sections.

Rear panel

The rear panel of the frequency converter provides the connectors and control ele-
ments shown below.

» /N MAX. +10% 3m INPUT
oA

» g MEAS OUT _
REF OUT

®©

N
=
B
3
=
8
2

Figure 3-12: Rear view of the frequency converter
The connectors are described in the following sections.

Standby switch

The standby toggle switch connects (ready state) or disconnects (standby state) the
internal modules of the frequency converter from the power supply. In standby state
also the output connector for the diplexer power supply (see Figure 3-14) is disconnec-
ted.

Figure 3-13: Standby switch and LEDs

A green light-emitting diode (LED) next to the switch indicates that the instrument is in
ready state. An orange LED further to the right indicates that the instrument is in
standby state. These LEDs are only lit when the converter is properly connected to the
power supply and the fuse of the instrument is intact.
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Power supply connector

To supply the frequency converter, connect the external DC power supply provided
with the converter to the 9V / 1.1 A DC input. For details, see Chapter 3.5.6.4, "DC
power supply”, on page 99.

Always switch the instrument to standby state before removing the power supply.

Risk of instrument damage

The input voltage and current must not exceed the maximum values according to the
rear panel labeling or the data sheet.

Always use the DC power supply included in the delivery to power your frequency con-
verter.

Fuse holder

A fuse of type IEC60127 T1 L/H protects the frequency converter from excess input
voltages at the power supply connector. A fuse of different type protects the diplexer
(see "Fuse panel" on page 92).

For fuse replacement, see Chapter 11, "Maintenance, storage and disposal”,
on page 1786.

F1: IEC60127 T1 L/H /250 V

RF input
Two 3.5 mm input connectors, only used in high frequency mode:

® RF IN receives the RF source signal from the diplexer. A semi-rigid cable connects
RF IN to the RF HIGH OUT connector on the top side of the diplexer.

® LO IN receives the local oscillator signal from the R&S ZNAGB7 network analyzer.

The complete RF connection of the external test set is described in Chapter 3.5.6,
"Connecting the external test sets", on page 93.

Risk of instrument damage

The RF input power at the connectors RF IN and LO IN must not exceed the maximum
values quoted in the data sheet. The maximum values are below the maximum RF
source power of the network analyzer. The "ZNAG7EXT-TS" converter type configura-
tion ensures compatible source powers.

Before you connect your external test set to the network analyzer, always select the
"ZNAB7EXT-TS" converter type for the respective converter port in the "Frequency
Converter" dialog (see Chapter 3.5.7.2, "Converter configuration", on page 100).

IF output
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Two SMA output connectors, only used in high frequency mode:
e MEAS OUT provides the measured signal (b-wave) to the R&S ZNAG7EXT67 net-
g work analyzer.

s e REF OUT provides the reference signal (a-wave) to the R&S ZNAG67EXT67 net-
f\’ _, work analyzer.IF Reference and IF Meas

REF OUT and MEAS OUT must be connected to the corresponding IF Reference and
IF Meas connectors at the Chapter 3.2.2, "Rear panel”, on page 41 of the R&S ZNA.
The complete RF connection of the external test set is described in Chapter 3.5.6.2,
"RF and LO cabling", on page 96.

3.5.4.3 Diplexers

The R&S ZNAG7EXT is delivered with two or four fully assembled external test sets,
each consisting of a frequency converter R&S ZVA-Z110 and a diplexer R&S ZVA-
ZD110.

RelOut o _ - (ER)
% uze ©
(4=
on °© J
O 1@
Meas Out | 1)
Bas o
Low X

Low / High

Figure 3-14: Connection between frequency converter and diplexer (var. 18)
The connection of the diplexer and the frequency converter includes conducting lines
for waves and power supply:

® The RF High Out connector on the top side of the diplexer is connected to RF IN
on the rear panel of the converter using a semi-rigid RF cable.

® The waveguide connector on the top side of the diplexer is connected to the wave-
guide flange of the converter.

® The connection underneath the waveguide flange ensures the power supply of the
diplexer.

An additional metal clamp at the bottom ensures mechanical stability.
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Left vs. right model variant

The diplexer R&S ZVA-ZD110 is available in a left variant and a right variant.

® The left variant (Var 12) is designed for the left side of the standard arrangement
with two external test sets. Its connector panel is located on the left side of the
diplexer, i.e. it is oriented towards the VNA.
The RF High Out and H/L SWITCH switch connectors are located on the top left
and top right, respectively.

® The right diplexer variant (Var 18) is designed for the right side of the standard
arrangement with two test sets. Its connector panel is located on the right of the
diplexer, i.e. it is oriented towards the VNA.

Figure 3-15: Left vs. right model variant (rear view)

Left = Left variant (Var 12)
Right = Right variant (Var 18)

1 = Connector panel

= RF High Out connector
= Waveguide connector

= H/L SWITCH

= Fuse panel

= Power supply connector

oo wWwiN

RF High Out, waveguide, and power supply connector can also be seen and are
described below Figure 3-14.

Standard arrangement with 4 external test sets

With four external test sets, using 2 times the left diplexer variant (Var 12) on the left
side would be impractical. If their 1 mm connectors must be placed close to each other,
e.g. for on-wafer probing, the RF cables connected to the connector panel of the outer
test set would have to be bent unduly to bypass the inner test set. Same problem with
2 times Var 18 (right) on the right side.

For this reason, the R&S ZNAB7EXT with four external test sets uses a Var 18 diplexer
for the outer left test set, and a Var 12 diplexer for the outer right set.
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Figure 3-16: Standard arrangement for 4 external test sets

For both outer test sets, a cable deflector is mounted on the connector panel. Semi-
rigid cables redirect the corresponding RF connectors towards the VNA.

Test port

1 mm (m) connector on the front side of the diplexer, serves as an output for RF stimu-
lus signals and as an input for the measured RF signals from the DUT (response sig-
nals).

® Vith a single external test set, you can generate a stimulus signal and measure the
reflected response signal.

e With n =2, 3, 4 external test sets, a full n-port measurement is possible.

Maximum input level, mechanical damage

Do not exceed the damage level at the test port according to the data sheet, especially
when using active DUTs or external amplifiers.

To avoid mechanical damage when connecting devices to the 1 mm connector, always
use the torque wrench supplied with the R&S ZNAB7EXT. See Table 3-7.

H/L SWITCH

The H/L SWITCH connectors on the top side of each diplexer are input connectors for
the User Port signals from the R&S ZNAG7; see Chapter 3.5.6.3, "Diplexer control",
on page 98. They allow the VNA firmware to switch the diplexer from low to high fre-
quency mode and vice versa.
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A suitable cable is shipped with the VNA system.

Connector panel

The connector panel of the diplexer provides input and output connectors for RF sig-
nals and a DC input. Connectors labeled Low are used in low frequency mode only;
see "Operation with external test sets" on page 81.

Ref Qut St
RF In = g @

O ¢

Low / High —

Figure 3-17: Connector panel of R&S ZVA-ZD110 Var 18

The picture above shows the connector panel of the "right" diplexer variant (Var 18).
For the "left" variant (Var 12), the horizontal order of the connectors is exactly opposite.

® The Sense and Force triaxial BNC female connectors and the 4 mm GND socket
implement the bias tee. Bias is applied via the Force input, which is protected by
an exchangeable fuse (see "Fuse panel" on page 92).
The Sense output is connected to the bias tee via a 1 kQ resistor, which allows
measuring the bias voltage close to the DUT without the uncertainty caused by a
voltage drop on a long bias line.

® RF In Low / High is a 1.85 mm female connector, which receives the RF source
signal from the R&S ZNAG7EXT network analyzer unit. This connector is used in
low frequency and in high frequency mode.

® Ref Out Low is a 1.85 mm female connector, which provides the reference signal
(a-wave) in low frequency mode.

® Meas Out Low is a 1.85 mm female connector, which provides the measured signal
(b-wave) in low frequency mode.

RF In, Ref Out, and Meas Out are connected to the corresponding direct access con-
nectors of the related VNA port. The complete RF and IF connection of the external
test set is described in Chapter 3.5.6, "Connecting the external test sets", on page 93.

Maximum input power at RF IN

The RF input power at the RF IN connector must not exceed the maximum value quo-
ted in the data sheet. The maximum value is below the maximum RF source power of
the network analyzer. The "ZNAG7EXT-TS" converter type ensures compatible source
powers.

Before you connect your external test set to the network analyzer, always select the
"ZNAG7TEXT-TS" converter type for the related port using the "Converter Configuration”
dialog (see Chapter 3.5.7.2, "Converter configuration”, on page 100).
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Maximum input voltage at FORCE and EMI suppression

The maximum nominal input voltage and current for the FORCE bias input connector
must not exceed the value quoted in the data sheet. Use a double-shielded cable and
terminate open cable ends with 50 Q to ensure successful control of electromagnetic
radiation during operation.

The LED labeled ON lights when the diplexer is properly power-supplied. If the LED
does not light, check the following:

® The power connection between the diplexer and the converter must be in place
(see Figure 3-14).

® The converter must be power-supplied and switched on.
® The fuse at the converter must be intact.

Fuse panel

The other side panel of the diplexer gives access to the bias fuse. Furthermore, it holds
the type label and visualizes the power supply from the converter (premounted).

'
'

POWER IN
av

=
e
2%
ws
a5

Figure 3-18: Fuse panel R&S ZVA-ZD110 Var 12

A fuse of type IEC 127-F250L protects the diplexer from excess input current at the
Force connector (see Figure 3-17). A fuse of different type protects the frequency con-
verter (see "Fuse holder" on page 87).

For fuse replacement, see Chapter 11, "Maintenance, storage and disposal”,
on page 1786.

® The picture above shows the fuse panel of the "left" diplexer variant (Var 12). For
the "right" variant (Var 18), the horizontal order is exactly opposite.

® The bias tee functionality is provided by Sense, Force and GND on the connector
panel, see Figure 3-17.

Putting the system into operation

The initial setup of the R&S ZNAG7EXT is described in the general R&S ZNA Getting
Started. This section gives additional information related to operation with external test
sets.
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3.5.5.1 Configure the external test sets in the analyzer firmware

Before connecting the RF cables, make sure that the converter configuration is set up
correctly on the R&S ZNA (see Chapter 3.5.7.2, "Converter configuration”,
on page 100).

3.5.5.2 Connect the external test sets

Each of the external test sets must be connected to the R&S ZNA, the power supply
and the DUT. Please refer to the following sections for details.

® H/L SWITCH (control connection): Chapter 3.5.6.3, "Diplexer control", on page 98
® RF and IF connections: See Chapter 3.5.6.2, "RF and LO cabling", on page 96
® Power supply: See Chapter 3.5.6.4, "DC power supply”, on page 99

e DUT (usually connected after calibration): See Chapter 3.5.7.6, "Mounting a DUT",
on page 106

3.5.5.3 Switch on the external test sets

The standby toggle switch is located at the rear panel (see "Standby switch"
on page 86). To switch the external test set to ready state, press the key. The green
LED next to the switch must be lit now.

After switching the external test set to the ready state, a warm-up time of one hour is
required to ensure accurate measurements. The instrument is only warmed-up in
ready state, not in standby state.

3.56.6 Connecting the external test sets

The R&S ZNABT7EXT is delivered with fully assembled external test sets, each consist-
ing of a diplexer R&S ZVA-ZD110 and a frequency converter R&S ZVA-Z110. The
"internal” connection between the diplexers and frequency converters is described in
Chapter 3.5.4.3, "Diplexers", on page 88.

System component information

A label on the rear panel of the network analyzer shows the diplexer and converter
units with their position. The label contains the following information.
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System ID
<System label>

System Components
<R&S ZNAG67 label>

Port 1 Port 2 Port 3 Port 4
<Diplexer label> <Diplexer label> <Diplexer label> <Diplexer label>
<Converter label> <Converter label> <Converter label> <Converter label>

Figure 3-19: System component information

@ Compliance with rated specifications

Compliance with the rated specifications requires a system setup according to the rear
panel labeling at the R&S ZNAG7. If you interchange the delivered test sets, or if you
use test sets from other R&S ZNAG7EXT VNA systems, the rated specifications cannot
be guaranteed.
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H/L SWITCH CABLE
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Figure 3-20: Test set connections (4 external test sets)

The following figure shows the cabling of external test set p.

User Manual 1178.6462.02 — 30 95



R&S®ZNA Getting Started

Getting started with R&S ZNAG7EXT

R&S ZNAG67 rear panel connectors R&S ZNAG67 test port connectors

B Port p Ref Source  Meas
nm-o00
.0. - .A
4 to In
other
diplexers

converters

H/L SWITCH
REF OUT LOW
RF IN LOW/HIGH
MEAS OUT LOW

REF OUT

MEAS OUT
LO IN

Figure 3-21: Connections of external test set p

1 = Converter LO output (R&S ZNA-B8)

2 = Splitter

3 = Direct IF access for port p (R&S ZNA-B26)

4 = RF port p with direct source/recveiver access (R&S ZNA67-B16)
5 = User port with H/L SWITCH control cable

For the connectors on the R&S ZNA, see Chapter 3.2, "Instrument tour", on page 34.

3.5.6.1 IF cabling

The required IF cables are included in the delivery of the test sets.

Table 3-8: IF connections for converters

Connections Cable Used at frequencies

Converter p REF OUT to R&S CABLE EXT REF, 1.55 m HIGH
R&S ZNAG7 IF Reference p order no. 1307.8770.00

Converter p MEAS OUT to R&S CABLE EXT MEAS, 1.55 m
R&S ZNAG7 IF Meas p order no. 1307.8764.00

3.5.6.2 RF and LO cabling

The following RF and LO connections must be established for each external test set.

Table 3-9: RF and LO connections

R&S ZNA67 connector Ext. test set connector Used at frequencies
Port p Source Out Diplexer p RF IN LOW / HIGH

Port p Ref In Diplexer p REF OUT LOW

Port p Meas In Diplexer p MEAS OUT LOW
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R&S ZNA67 connector Ext. test set connector Used at frequencies

Conv LO Out Converter p LO IN via power divider HIGH

p =1, 2 for systems with 2 external test sets

p =1, ..., 4 for systems with 4 external test sets

low frequency range (below approx. 67 GHz) or in the high frequency range (above
approx. 67 GHz). However, to ensure full flexibility and maximum accuracy, it is recom-
mended to establish all RF connections.

O Some of the RF connections are only used while the network analyzer operates in the

To get accurate measurement results, use high-quality cables with low attenuation and
excellent phase stability. Rohde&Schwarz offers suitable cable sets fro GORE®, see
"Cable sets (optional)" on page 98.

RF input power

The RF input power at the connectors RF IN and LO IN of the converters must not
exceed the maximum values quoted in the data sheet. Because these maximum val-
ues are below the maximum RF source power of the R&S ZNA, the R&S ZNA has to
be configured carefully, before establishing these connections. Selecting the
"ZNAGTEXT-TS" converter type ensures compatible source powers (see Chap-

ter 3.5.7.2, "Converter configuration", on page 100).

Proceed as follows:

1. Ensure that the converter is in standby state or disconnected from the power sup-
ply (see "Standby switch" on page 86).

2. Make sure to select the "ZNAG7EXT-TS" converter type for each converter port of
the VNA (see Chapter 3.5.7.2, "Converter configuration", on page 100).

3. Connect the RF input and output connectors of the diplexers and the frequency
converters as shown in Figure 3-21.

Repeat this procedure whenever you are not sure whether a suitable converter config-
uration is already active. Switching the VNA off and on preserves the converter config-
uration.

the R&S ZNA.

("Save Converter Topology..."/"Load Converter Topology..." on the Frequency Con-
verter tab)

O Converter configurations can be saved and loaded via the graphical user interface of
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Cable sets (optional)

The required RF and LO cabiles listed in Table 3-9 are not part of the standard delivery.
However, it is recommended to order the suitable cable set for 2 or 4 external test sets
together with your R&S ZNAG7EXT VNA system.

Currently, Rohde & Schwarz offers cable sets R&S ZN-ZCASGO manufactured by
GORE®:
® Variant 02, order no. 1352.1659.02 for 2 external test sets
® Variant 04, order no. 1352.1659.04 for 4 external test sets
Table 3-10: Cable set R&S ZN-ZCASGO

Connection Cable type # in Var 02 #in Var 04
® R&S ZNAG67 port p Source Out to R&S ZV-Z196, 67 GHz, order no. x 6
diplexer p RF IN 1306.4736.00 p=1,2
®  Diplexer p REF OUT to R&S ZNAG7 '
port p Ref In 1.85 mm (m)/ 1.85 mm (m), 61 cm
® Diplexer p MEAS OUT to R&S ZNAB7 | pe s 7\/.7196. 67 GHz. order no _ <6
port p Meas In ’ ’ '
1306.4807.00 p =3, 4 (outer test
1.85 mm (m)/ 1.85 mm (m), 91 cm sets)
R&S ZNA67 Conv LO Out to LO power R&S ZV-Z195 26.5 GHz x 1
divider 2.92 mm (m)/2.92 mm (m), 91 cm
LO power divider (+ Adapters R&S ZV- R&S ZV-Z193, 26.5 GHz X2 x4

Z1218) to converter p LO IN

3.5mm (m)/3.5 mm (m), 152 cm p=1,2 p=1,..,4

Tightening RF cables

Tightening RF cables too strongly, can damage cables and connectors. Loose tighten-
ing can result in inaccurate measurement results.

Therefore always use an appropriate torque wrench, suitable for the type of connector.
Rohde & Schwarz offers an optional 5/16” torque wrench that fits for SMA, 3.5 mm,
2.92 mm and 1.85 mm connectors (R&S ZN-ZTW variant 35). Similar wrenches are
available for other sizes of spanner, too. For ordering information, see the R&S ZN-
ZTW data sheet or product brochure.

3.5.6.3 Diplexer control

Switchover between low frequency and high frequency mode is automatically control-
led from the R&S ZNAG7EXT network analyzer unit. Use the "H/L Switch" cable to con-
nect the User Port connector on the rear panel of the analyzer to the H/L SWITCH con-
nectors on the top side of the diplexers.
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Figure 3-22: H/L SWITCH cable for 4 test sets

The H/L SWITCH cable is supplied with the R&S ZNAG7EXT. The cable end labeled
H/L SWITCH PORT p is intended for the diplexer connected to analyzer port no. p. The
H/L switch mechanism is controlled by drive port bit no. p (pin 15 + p) of the USER
CONTROL connector.

For a detailed description of the connector, see Chapter 12.3.1.1, "User Port",
on page 1793.

O Low frequency mode

In low frequency mode, the control cable is not needed — even if the DUT is connected
to the 1 mm test port connectors of the diplexers.

3.5.6.4 DC power supply

An external DC power supply with country-specific AC cable is provided with each of
the external test sets. Connect the power supply to the 9 V /1.1 A DC input at the rear
panel of the frequency converter (see "Power supply connector" on page 87) and to a
power outlet. The power supply supports input AC voltages between 100 V and 240 V
and frequencies between 47 Hz and 63 Hz.

A lit LED next to the standby switch indicates that the power supply operates appropri-
ately. If neither of the two LEDs is lit, check the fuse of the instrument (see Chapter 11,
"Maintenance, storage and disposal”, on page 1786).

3.5.7 Basic operation

This chapter describes how to configure the standard setup with two external test sets,
for 2-port transmission measurements.

O On delivery, the R&S ZNAG7EXT is already preconfigured for the number of external
= tests sets included in the ordered VNA system variant. A preset does not affect the
converter configuration.

After a factory reset, however, the R&S ZNA67 comes up with its regular VNA setup,
without frequency converter configuration.
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To put the VNA system into operation, follow the steps described in Chapter 3.5.5,
"Putting the system into operation", on page 92.

Configuration and measurement steps

Configuring the measurement setup and measuring the DUT involves the following
steps:

1. Configuring the converters in the R&S ZNA firmware
See Chapter 3.5.7.2, "Converter configuration”, on page 100

2. Establishing the required connections between the R&S ZNA and the test sets
See Chapter 3.5.6, "Connecting the external test sets", on page 93

3. Power calibration (optional for S parameter measurements
See Chapter 3.5.7.4, "Scalar power calibration and leveling (optional)",
on page 102

4. System error correction, using a suitable calibration kit
See Chapter 3.5.7.5, "System error correction”, on page 105

5. Connecting the DUT
See Chapter 3.5.7.6, "Mounting a DUT", on page 106

6. Measuring the DUT
See Chapter 3.5.7.7, "Measurement", on page 106

3.5.7.1 Required equipment

The cabling of the external test sets is described in Chapter 3.5.6, "Connecting the
external test sets", on page 93.
To calibrate the measurement setup, the following equipment is required:

® For power calibration and leveling at the 1 mm port of the external test set, a power
meter that covers the measured frequency range, such as the thermal power sen-
sor R&S NRP110T.
(for the latter an additional 1 mm f/f adapter is required)

® Suitable adapters for scalar power calibration of the LO IN and RF IN signals at the
external test set

® For system error correction, a 1 mm calibration kit that covers the measured fre-
quency range, e.g the R&S ZV-Z2210

3.5.7.2 Converter configuration

Convenient converter configuration is provided with software option R&S ZNA-KS,
which is already preinstalled on your R&S ZNA.

1. At the graphical user interface of the R&S ZNA , open the "Converter Configura-

tion" dialog (System — [Setup] key > "Frequency Converter" tab > "Frequency Con-
verter ...").
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“z@ Converter Configuration

Converter Type IF Frequency IF Input m IF Input IF Frequency Converter Type

IF Meas IF Ref IF Ref IF Meas

Converter 1 Converter 2

= i =

Source Local Local Source
o - -

Disable Converter
All Types... v Apply v oK

"Converter 1" is the converter connected to VNA port 1, "Converter 2" the converter
connected to VNA port 2.

2. In the "Converter Configuration" dialog, configure the standard setup with two con-

verters:

a) For both converter ports, set "Converter Type" to "ZNAG67EXT-TS"
The firmware automatically fixes "IF Input" to "Rear & Dir" (rear IF access for
high, direct access for low frequencies).

b) In the combo box above the "Splitter 1" symbol, select "Conv. LO" as LO
source.

c) For both converter ports, select "Splitter 1" as the source for the "Local" port.

az@ Converter Configuration

Converter Type IF Frequency IF Input IF Input IF Frequency Converter Type
INAGTEXT-TS  ~ QPEERLF _ , _ 279 MHz INAGTEXTTS v
Splitter 1

IF Meas IF Ref IF Ref IF Meas

Converter 1 Converter 2

6x 8x | | 8x Gx

Source Local q Local Source

Disable Converter
All Types... ' OK Cancel e Help

Figure 3-23: Standard setup with two external test sets

3. Select "OK" to apply the converter configuration and close the dialog.
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The R&S ZNA now sets the involved ports to their maximum frequency range

(10 MHz to 110 GHz). It sets the related receiver step attenuators to 0 dB, activates
low phase noise mode and deactivates automatic level control. In addition, the
firmware adjusts the source power levels according to the properties of the "Rear &
Dir" signal paths and the configured cable and splitter losses.

Converter configurations can be saved and loaded via the graphical user interface of
the R&S ZNA.

("Save Converter Topology..."/"Load Converter Topology..." on the Frequency Con-
verter tab)

Cable and splitter losses
Check the cable and splitter losses:

1. Open the "Default Cable and Splitter Losses" dialog (System — [Setup] key > "Fre-
quency Converter" tab > "Default Cable and Spilitter Losses ...").

2. Adjust "Cable & Splitter Loss" and "Slope", if your cables and splitter losses deviate
significantly from the default settings, which fit for cable sets R&S ZCASGO.

4'2& Default Cable and Splitter Losses L = = x

Converter Input | ZNA Ports | Cable & Splitter loss | Slope
Port 1 0 dB/GHz

Splitter 1 0 dB/GHz

Port 2 0 dB/GHz

Splitter 1 0 dB/GHz

Apply to all channels _ _
v in all setups v Apply Cancel 6 Help

3. Select "OK" to apply your settings and close the dialog.

The resulting frequency and source power levels can be viewed — and tweaked —
in the Port Settings dialog.

Establishing the RF and IF connections

Refer to Chapter 3.5.6.2, "RF and LO cabling", on page 96.

Scalar power calibration and leveling (optional)

For standard S parameter measurements which do not require precise power levels at
the DUT, a power calibration is not required.
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To take control of the converter input and output levels, proceed as follows:

1. At the graphical user interface of the R&S ZNA, run the scalar power calibration
wizard (Channel — [Cal] key > "Start Cal" tab > "Scalar Power Cal ...")

2. On the first page of the wizard, you can perform source flatness calibrations at the
converter inputs.

P1 ® P2 ® C.LO 0]

0 dBm 0 dBm 7 dBm
Offset: -1 dB Offset: -1 dB Offset: -6 dB

~ Source ~= Source ~ Source
) Flatness @ Flatness ®) Flatness

Perform a source flatness calibration, if the configured values for cable and splitter
losses cannot describe the actual ones with sufficient accuracy (sum deviation >
2 dB). See step 2 in step 2.

3. The second page of the wizard offers several calibration types:

C1 (ol w)
0 dBm 0 dBm
Offset: 0 dB Offset: 0 dB

@t Ol
— Iver —

Leveling Table - eling Table

@ Global] - bal]

@ Source @ Source

“~ Flatness " Flatness

a) "Ref. Receiver"
To perform a reference receiver calibration, connect a power meter with suita-
ble frequency range to the 1 mm port of the respective external test set. During
the calibration, the R&S ZNA performs a frequency sweep and uses the power
meter readings to correct the readings of the related reference receiver (trans-
fer calibration). We recommend using the Rohde&Schwarz thermal power
meter R&S NRP110T.

Flatness Cal Port x
Refa) Meas(b]
Regaiver Cal

With the default power calibration method of the R&S ZNA, subsequent mea-
surement receiver and source flatness calibrations rely on an existing reference
receiver calibration. For output power leveling, an existing reference receiver
calibration of the respective port is a prerequisite.
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b) "Meas. Receiver"
A measurement receiver calibration adjusts the power readings at the receive
port, by default based on an existing reference receiver calibration.
With an existing reference receiver calibration for port 1, to calibrate the mea-
surement receiver of port 1, connect an Open to the 1 mm port of converter 1
and select port 1 as source.

Meas. Receiver

Conv 1
Cal Power: 0 dBm

Cal Offset: 0dB

Source Port

Conv 1

To calibrate the measurement receiver of port 2, connect the 1 mm ports of the
test sets directly, and again use port 1 as source.

Meas. Receiver
Flatriess Cal

Conv 2 () ﬁ ( )

Part x
Cal Power: 0dBm
Ref(a) Meas(b]

Receiver Cal

Cal Offset: 0dB

Source Port

Conv 1

C1 c2

® @
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c) "Leveling Table (Global)"
Perform leveling if you want the power levels at the waveguide port to be con-
stant over frequency. Also perform leveling if you want to have frequency-inde-
pendent, variable, known absolute power levels at the waveguide port. The lat-
ter is necessary for power sweeps, but also for automatic level control (ALC).
Use ALC for measurements that require precise power levels at the 1 mm port,
in particular for measuring non-linear characteristics of a DUT (compression,
intermodulation, spectrum...).
Based on an existing reference receiver calibration, the leveling procedure
records the output power on a two-dimensional power/frequency grid. The VNA
firmware then uses Interpolation to determine the appropriate RF IN level for
the desired output level at a given frequency.

Leveling Table (Global)

Start Frequency Min Power

owns i favam

Stop Frequency Max Power

Meas Port Number of Points

i Step Size
Conv 1 ALC Step Size

d) "Source Flatness"
Based on an existing reference receiver calibration, the R&S ZNA varies the
frequency and adjusts its source power so that the reference receiver readings
correspond to the desired output power at the waveguide port of the converter.

Flatriess Cal Part x
O —C
Reffa) Meas(b]

For operation with external test sets, make sure that the convergence factor is
0.3 or lower.

If leveling data is available for a port, a source flatness calibration is not neces-
sary unless you want to achieve a higher precision at a particular frequency. To
get even higher precision within the whole frequency range, use the automatic
level control (ALC) feature of the R&S ZNA. Note that ALC at a converter port
requires leveling data for this port.

3.5.7.5 System error correction

For precise S-parameter measurements, a system error correction is recommended.
System error correction requires a calibration kit that is suitable for the measured fre-
quency range. For the R&S ZNAGB7EXT we recommend the 1 mm calibration kit
R&S ZV-Z210. The standards in these calibration kits allow for OSM, TOSM, UOSM
and TOM calibrations.
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The characteristic data of a particular R&S ZV-Z210 is stored on a USB stick shipped
with the kit, and must be installed manually, before the kit can be used.

port system error correction at n > 1 converter ports of the same waveguide band can
be extended to a SMARTerCal. A SMARTerCal enables (relative) phase and (absolute)
power accurate measurements of all involved a- and b-waves.

O With an additional reference receiver calibration at one of the converter ports, a full n-

Refer to the documentation of your calibration kit and to Chapter 4.5, "Calibration",
on page 186 for more information.

3.5.7.6 Mounting a DUT

The DUT must be screwed to the 1 mm test port connector at the front of the diplexer.
A tight connection is essential to ensure precise calibration and measurement results.
Depending on the connectors of the DUT, possibly additional adapters are required.

For n-port measurements, n external test sets must be connected to one DUT. Use the
adjustable feet of the test sets to align the DUT accurately.

3.5.7.7 Measurement

After power calibration and system error correction, mount the DUT (see Chap-
ter 3.5.7.6, "Mounting a DUT", on page 106).

Measurements involving converters can be performed like other measurements. All
measured quantities (S parameters, wave quantities, ratios etc.) are available. Power
sweeps and automatic level control can only be activated, if leveling data are available
(see Chapter 3.5.7.4, "Scalar power calibration and leveling (optional)", on page 102).

The Port Settings dialog dialog shows the frequency and power sweep ranges of all
implied signals, including RF IN, LO IN and IF output.

® After power-up, a warm-up time of one hour is required to ensure accurate mea-
surements.

® Measurement results can be degraded if the setup is exposed to an electromag-
netic field at the IF frequency (default: 279 MHz).

® For pulsed signals, the default IF frequency of 279 MHz cannot be used, because
a narrow-band filter is applied at this frequency. Use the "Converter Configuration”
dialog to select an IF frequency in the direct path between 30 kHz and 30 MHz
instead (see Figure 3-23).

® If a power splitter is used and the phases of S; and S; deviate or drift by equal

magnitude, but opposite sign, check the phase stability of the LO paths of the con-
verters.

User Manual 1178.6462.02 — 30 106



R&S®ZNA Concepts and features

Basic concepts

4 Concepts and features

The following chapter provides an overview of the analyzer's capabilities and their use.
It contains a description of the basic concepts that the analyzer uses to organize, proc-
ess and display measurement data. Also included are descriptions of the screen con-
tents, possible measured quantities, calibration methods and typical test setups.

For a systematic explanation of all softtools, functions and parameters refer to Chap-
ter 5, "GUI reference", on page 342.

4.1 Basic concepts

The analyzer provides various functions to perform a particular measurement and to
customize and optimize the evaluation of results. To ensure that the instrument resour-
ces are easily accessible and that user-defined configurations can be conveniently
implemented, stored and reused, the instrument uses a hierarchy of structures:

® Global resources can be used for all measurements, irrespective of the current
measurement session.

® Arecall set comprises a set of diagrams together with the underlying system, chan-
nel, trace and display settings. It can be saved to a recall set file and later recalled.

® The diagrams show traces which are assigned to channels. See Chapter 4.1.3,

"Traces, channels and diagrams", on page 108.

Global Settings
<

-

Recall Set 1.znx Recall Set 2.znx
Trc 1 Trc 2 Trc 1 Trc 2 Trc 3
Diagram 1 Diagram 2 Diagram 1 Diagram 2

4.1.1 Global (persistent) settings

The analyzer manages global settings that apply to all measurements, irrespective of
the current measurement setup. The following list contains examples of global settings:

® (Calibration kits
® Connector types
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® (Calibration pool: system error correction and power correction data

® Directories for trace data, limit lines, calibration data etc.

® (Color schemes and printer settings

® System configurations, to be accessed via System — [Setup].

® External power meter, generator, switch matrix, and generic device configurations

Global settings are not part of a recall set nor are they affected by a [Preset] of the
analyzer. Many of them can be "Reset" in the "System Config" dialog.

Some settings are session-specific, i.e. they are initialized to default when a new mea-
surement session is started (session settings).

Recall sets
A recall set comprises a set of diagrams together with the underlying system, channel,

trace and display settings. The R&S ZNA can handle multiple recall sets in parallel,
each of them displayed in a separate tab.

A recall set can be saved to a recall set file (* . znxm1 | *. znx) and reopened at a later
point in time or at another instrument. Use the "Recall Sets" tab of the System —
[File Print] softtool to organize recall sets.

A recall set only contains setup instructions, i.e. information on how to measure, how to
process the measurement results, and how to display the processed results. It does
not contain any trace or result data.

Traces, channels and diagrams

The analyzer arranges, displays or stores the measured data in traces which are
assigned to channels and displayed in diagrams. To understand the functions of the
instrument and quickly find the appropriate settings, it is important to understand the
exact meaning of the three terms.

® Atrace is a set of data points that can be displayed together in a diagram. The
trace settings specify the mathematical operations used to obtain traces from the
measured or stored data and to display them.

® A channel contains hardware-related settings which specify how the network ana-
lyzer collects data.

® A diagram is a rectangular portion of the screen which is used to display traces.
Diagrams belonging to the same recall set are arranged in a common tab. The set-
tings for diagrams are described in Chapter 4.2.1, "Display elements of a diagram",
on page 124.

A diagram can contain a practically unlimited number of traces, assigned to different
channels. Diagrams and channels are independent from each other.
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Trc 1

Diag Area 1 Diag Area 2

4.1.3.1 Trace settings

The trace settings specify the mathematical operations used to obtain traces from the
measured or stored data. They can be divided into several main groups:

® Selection of the measured quantity (S-parameters, wave quantities, ratios, impe-
dances,...)

® Conversion into the appropriate display format and selection of the diagram type

® Scaling of the diagram and selection of the traces associated to the same channel
® Readout and search of particular values on the trace by means of markers

® Limit check

The trace settings can be accessed via the keys in the Trace section of the (virtual) key

panel. They complement the Channel settings accessible via the Stimulus and Chan-
nel sections.

Each trace is assigned to a channel. The channel settings apply to all traces of the
channel.

4.1.3.2 Channel settings

A channel contains hardware-related settings which specify how the network analyzer
collects data. The channel settings can be divided into three main groups:

® Description of the test setup (power of the internal source, IF filter bandwidth, port
configuration, receiver step attenuators, ...)

® Control of the measurement process (sweep, trigger, averaging, ...)
® (Correction data (calibration, offset, ...)

The channel settings can be accessed via the Stimulus and Channel sections of the
(virtual) key panel.
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4.1.3.3 Active and inactive traces and channels

A window can display several diagrams simultaneously, each with a variable number of
traces. One of these traces is active at each time. The active trace is highlighted in the
trace list on top of the active diagram (Trc4 in the figure below):

Trc1 Bl Smith 200 mU/Ref1U  Trc2 dB Mag 10 dB/ Ref 0 dB

Trc3 |[BXl d8 Mag 10dB/RefOdB  [Tred Smith 200 mU/Ref 1U

When a trace is selected in the diagram area, it becomes the active trace. If a previ-
ously inactive area is selected as the active area, the trace that was active last time
when the area was active again becomes the active trace.

The active channel is the channel which belongs to the active trace. The channels of
all traces in a diagram are listed at the bottom of the diagram, together with the "Stimu-
lus" values and the display colors of all traces. The active channel is highlighted.

Start 5 kHz
1GHz
1GHz

5 kHz

Channels with no traces are not indicated in the diagrams but can be accessed via the
"Channel Manager" dialog.

In manual control, there is always exactly one active trace, irrespective of the number
of channels and traces defined. In remote control, each channel contains an active
trace.

See also Chapter 6.3, "Basic remote control concepts"”, on page 955.

4.1.4 Sweep control

A sweep is a series of consecutive measurements taken over a specified sequence of

stimulus values. It represents the basic measurement cycle of the analyzer.

The analyzer can perform:

® Sweeps at constant power but variable frequency (frequency sweeps)

® Sweeps at constant frequency but variable power (power sweeps)

® Sweeps at constant power and frequency that are repeated in time (Time/CW
Mode sweeps)

The sweeps are further specified by the number of measurement points and the total
measurement time.

O The optional True differential mode introduces additional amplitude and phase imbal-
= ance sweeps.
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By default, sweeps are repeated continuously. Alternatively, a measurement can also
consist of a single sweep or of a specified number of sweeps.

lyzer needs some time to initialize the new sweep. This preparation period increases
with the number of points and the number of partial measurements involved. It indica-
ted in the status bar:

@ After changing the channel settings or selecting another measured quantity, the ana-

B Chl: AvgNone Preparing 3/20/2018 10:31:16 AM

All analyzer settings can still be changed during sweep initialization. If necessary, the
analyzer terminates the current initialization and starts a new preparation period.

During the first sweep after a change of the channel settings, the analyzer displays an
asterisk symbol in the status bar.

B Chl: AvgNone Y Ch1P2 4088 3/20/2018 10:30:57 AM

4.1.41 Partial measurements and driving mode

Depending on the measurement task and the measured quantities, the measurement
at each sweep point can consist of one or several "partial measurements" with definite
hardware settings.

® |f a single S-parameter is measured (e.g. the reflection coefficient S44), the ana-
lyzer can operate at fixed hardware settings. In particular, a fixed source port and
receive port is used. Each sweep point requires a single partial measurement.
See also Chapter 4.3.1, "S-parameters", on page 149.

® For a complete two-port S-parameter measurement (e.g. Syq, Sp1, S12, Sy9) the
analyzer needs to interchange the roles of the source and receive ports. Each
sweep point requires two partial measurements.

To improve the accuracy, it is possible to insert a delay time before each partial mea-
surement.

In the default "Alternated"” driving mode, the R&S ZNA performs a partial measure-
ment at all sweep points (partial sweep) before the hardware settings are changed.
The next partial measurement is carried out in an additional sweep. In the "Chopped"
driving mode, the order is reversed, i.e. the measurement proceeds sweep point per
sweep point, with varying hardware settings.

See Channel — [Channel Config] > "Mode" > "Driving Mode".

Advantages of alternated and chopped driving mode

If the settling time between sweep points is smaller than the settling time between
hardware settings (which is generally true), then the "Alternated” mode is faster than
the "Chopped" mode. On the other hand, the "Chopped" mode builds up traces sweep
point per sweep point, whereas in the "Alternated" mode you have to wait for the last
partial sweep.
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O Use the "Alternated" mode to increase the accuracy of measurements on DUTs with
= long level settling times (e.g. quartzes, SAW filters). To measure DUTs with short set-
tling times and obtain a trace from the beginning of the sweep, use "Chopped" mode.
In "Auto" mode, the analyzer optimizes the display update: Fast sweeps are performed
in "Alternated" mode, slower sweeps in "Chopped" mode.

As an alternative to activating the "Alternated" mode, it is possible to insert a measure-
ment delay before each partial measurement and thus improve the accuracy.

However, the delay slows down the measurement.

Relation to trigger settings

In triggered measurements, "Alternated" has no effect if the triggered measurement
sequence is identical to a single sweep point. The following table shows how the ana-
lyzer performs a sweep comprising m sweep points, assuming that each of them
requires n partial measurements.

Triggered Meas. "Alternated" mode "Chopped" mode
Sequence
Sweep Trigger event starts n partial sweeps over | Trigger event starts m complete
all sweep points. measurements at consecutive sweep
points.
Sweep Segment Trigger event starts n partial sweeps over | Trigger event starts complete mea-
the next segment. surements at all consecutive sweep

points in the segment.

Point All partial measurements of each sweep All partial measurements of each
point are carried out one after another. sweep point are carried out one after
another.

Partial Measurement Each partial measurement is carried out All partial measurements of each
for all sweep points. sweep point are carried out one after
another

4.1.4.2 Parallel measurements on multiple DUTs

The support for parallel measurements on multiple DUTs depends on the analyzer

type:

® Fora 2-port R&S ZNA without second source, this feature is not available (see
Chapter 4.7.23, "Internal 2nd source and 2nd LO generator for 2-port R&S ZNA",
on page 306).

® Fora4-port R&S ZNA, VNA ports 1 and 2 can measure one DUT, while port 3 and
port 4 can measure another one (using the same stimulus settings).
To reduce "crosstalk" between the DUTs, a frequency offset can be applied
between the corresponding port groups (see "Parallel Measurements with Fre-
quency Offset" on page 113)
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® Parallel Frequency Conversion Measurements require identical conversion settings
for all port groups

® Parallel Intermodulation Measurements are not supported
® Parallel measurements are not possible if External switch matrices are used

Parallel Measurements with Frequency Offset

When performing parallel measurements, it is possible to specify a minimum frequency
offset between the port groups. This is particularly useful for situations where "Cross-
talk" between different DUTs would otherwise make the simultaneous measurement
impossible (e.g. in wafer prober applications).

Example:

Consider a linear frequency sweep with 101 points from 100 MHz to 200 MHz resulting
in a frequency step size of 1 MHz. When two port groups are defined and a minimum
frequency offset of 1 MHz is specified, a parallel measurement with frequency offset is
performed internally as follows:

® |In the first step, port group 1 is not measured; port group 2 is measured at
100 MHz.

® In the second measurement step, port group 1 is measured at 100 MHz; port group
2 is measured at 101 MHz.

® |n the third measurement step, port group 1 is measured at 101 MHz; port group 2
is measured at 102 MHz.

® |nthe 101st measurement step, port group 1 is measured at 199 MHz; port group 2
is measured at 200 MHz.

® Finally, in the 102nd measurement step, port group 1 is measured at 200 MHz; port
group 2 is not measured.

Parallel measurement with frequency offset is transparent to the user: All port groups
are measured in the requested frequency range. The results are available in the same
form as if they were obtained in separate measurements without frequency offset.

Please note that in parallel measurement with frequency offset the firmware uses a
modified IF as compared to measurements not using this mode. Because this modified
IF requires a special calibration, it is essential to perform the Calibration with the same
Frequency Offset settings as for the actual measurement; otherwise the calibration is
turned off (see "Cal Off label" on page 187).

Stimulus and sweep types

The function of the Stimulus keys [Start], [Stop], [Center] and [Span] depends on the
sweep type.
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Table 4-1: Function of Stimulus keys

Sweep type [Start](unit) [Stop] (unit) [Center] (unit) [Span] (unit)

"Lin Freq" "Start Frequency" (Hz) | "Stop Frequency" (Hz) "Center Frequency" "Span Frequency" (Hz)
(Hz)

"Log Freq" "Start Frequency" (Hz) | "Stop Frequency" (Hz) |- -

"Segmented" - - - -

"Power" "Start Power" (dBm) "Stop Power" (dBm) "CW Frequency" (Hz) "CW Frequency" (Hz)

"CW Mode" "CW Frequency" (Hz) "Number of Points" (-) "CW Frequency" (Hz) "CW Frequency" (Hz)

"Time" "CW Frequency" (Hz) "Stop Time" (s) "CW Frequency" (Hz) "CW Frequency" (Hz)

"Amplitude Imbal- "Imb Start Power" "Imb Stop Power" (dBm) | — -

ance"") (dBm)

"Phase Imbalance™ "Imb Start Phase" (deg) | "Imb Stop Phase" (deg) |- -

") Available in True differential mode only

The ranges of numerical values must be compatible with the instrument model. The
conditions for the stimulus range depend on the sweep type:

® "LinFreq"/"Log Freq" / "Segmented”

— For"Lin Freq" and "Log Freq" sweeps, if the number of sweep points is greater
than 1, the stop frequency must be greater than the start frequency and the
span must be = 1 Hz. If a stop frequency smaller or equal than the current start
frequency is set, then the start frequency is adjusted and vice versa.

— For "Segmented" sweeps, the start and stop frequency in a sweep segment
must not be different. So with a segmented sweep you can measure n, points
at frequency f, (in segment 1), n, points at frequency f, (in segment 2) etc.

® "Power"
Start and stop power are both entered in absolute units (dBm). Start and stop
power must be different; the stop power must be larger than the start power. If a
stop power smaller than the start power is set, then the start power is adjusted
automatically and vice versa.
The power corresponds to the actual source power at the test ports (channel base
power Py). After a port power calibration, this source power is available at the cali-

brated reference plane.

e "CW Mode"
The stimulus keys define the fixed stimulus frequency ("CW Frequency") and the
"Number of Points" of the measurement. The other sweep parameters (e.g. the
"Sweep Time") are set via Channel — [Sweep] > "Sweep Params".

® "Time"
The stimulus keys define the fixed stimulus frequency ("CW Frequency") and the
total sweep time ("Stop Time") of the measurement. The other sweep parameters
(e.g. the "Number of Points") are set via Channel — [Sweep] > "Sweep Params".
The sweep time is entered in seconds and must be positive.

e "Amplitude Imbalance"
This sweep mode is available in True differential mode only.
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Both "Imb Start Power" and "Imb Stop Power" must be in the range between

-150 dBm and 100 dBm. The analyzer generates a balanced signal with configura-
ble frequency and power, however, the amplitude of one signal component or the
relative phase of the two components is varied according to this range.

® "Phase Imbalance"
This sweep mode is available in True differential mode only.
Both "Imb Start Phase" and "Imb Stop Phase" must be in the range between -180°
dBm and 180°. The analyzer generates a balanced signal with configurable fre-
quency and power, however, the relative phase of the two components is varied
according to this range.

O The selected sweep range applies to all source and receive ports of the analyzer.

In arbitrary mode (with option R&S ZNA-K4), you can define port-specific frequencies
and powers; see Chapter 5.12.2.2, "Port Settings dialog", on page 676.

4.1.4.4 Wait time control

Equipped with several sources and receivers, and operating in various sweep and
measurement modes, the synchronization of a VNA's sub-modules is essential to
ensure reliable and reproducible results. To ensure proper synchronization and repro-
ducible measurements, with sources and receivers in settled states, the R&S ZNA FW
applies different algorithms to calculate the required wait times in a channel.

Although these wait time algorithms are designed for certain measurement tasks, they
are still general and try to balance the conflicting targets of measurement precision and
speed. Depending on the measurements to be performed, there can be some room for
optimization, especially if for your application speed is more important than accuracy,
or vice versa. The wait time control feature of the R&S ZNA allows you to shift the bal-
ance towards your primary target, and to observe the detrimental effects on the secon-
dary one.

Wait time control algorithms

The task of calculating "suitable" wait times has to consider many aspects and their
dependencies. The overall time the VNA requires to prepare for the next measurement
depends on:

® The current and target HW settings (frequency, power, filters etc.)

® The current and target HW usage (generators/synthesizers, step attenuators, inter-
nal switches etc.)

® Channel and sweep state (certain channel/sweeep events require extra prepara-
tion time)

Because the wait times also depend on the accuracy that is required for a particular
measurement, the FW distinguishes between three wait time control algorithms:

1. Mono-frequent: Calculates wait times that are suitable for mono-frequent mea-
surements.
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2. Frequency-converting: Calculates wait times that are suitable for measurements
on frequency-converting DUTs.
See Chapter 4.7.3, "Frequency conversion measurements”, on page 263.

3. Slow: Calculates wait times that are suitable for measurements using external
equipment (e.g. power sensors).

o Typically, the algorithm for "mono-frequent"/"slow" measurements results in the short-
= est/longest overall wait times. Frequency-converting measurements rely on the relative
power between the ports and hence require higher precision than mono-frequent mea-
surements. So the wait times calculated with this algorithm are typically higher.

But as the wait times also depend on other channel settings, this is not always true.

Automatic vs. manual wait time control

By default, the R&S ZNA automatically selects the appropriate algorithm based on the
channel's measurements. However, you can also pick one of the available algorithms
and observe the effect on the overall measurement speed and precision. Depending
on your channel setup and primary focus (speed vs. precision), selecting another algo-
rithm can be beneficial.

Among other things, the selected wait time control algorithm determines wait times for
the following channel and sweep events:

® Channel begin (channel initialization)

® First point of a channel or after a drive port change

® First point of a segment in a segmented frequency sweep

® First point of a (power) subsweep in a two-dimensional gain compression sweep
® (Other sweep points

The calculated wait times depend on the selected algorithm and can be point-specific.

In manual mode, you can overwrite them with user-defined (fixed) ones, or enforce
user-defined lower and/or upper limits.

® Manual settings are particularly useful for applications that require predictable and
stable times between measurement points, e.g. antenna measurements.

® Manual settings are for experts only. They can significantly degrade the measure-
ment quality and even make the measurement unstable.
See "Evaluation of measurement speed and precision" on page 116.

Evaluation of measurement speed and precision

A timing info field presents speed-related information for the current channel:
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O weit Time : 321.600 ps b 4

Measurement Time : 000.000 s

First Point Wait Time : 002.000 ms
SweepRetrace Time : 072.882 ms
SweepCycle Time : 073.204 ms
Avg of Cycle Times : 079.530 ms
Max of Sweep Cycle Time: 110.279 ms
Min of Sweep Cycle Time : 060.669 ms
BusyTime : 073.658 ms

Table 4-2: Timing info

"Ch<no>" The channel ID

"Wait Time" The total wait time in the measurement

"Measurement Time"

The total time for the measurement, including the wait time

"First Point Wait Time"

The wait time before the first point

"Sweep Retrace Time"

The time between the completion of the measurement and the start of the next
measurement. During this time, the HW is idle and the FW finalizes the compu-
tation of the last sweep.

"Sweep Cycle Time"

Sum of measurement time and sweep retrace time

"Avg Sweep Cycle Time"

The average of the sweep cycle times since "Show Sweep Timing" is active.

"Max Sweep Cycle Time" | The maximum of the sweep cycle times since "Show Sweep Timing" is active.

"Min Sweep Cycle Time" | The minimum of the sweep cycle times since "Show Sweep Timing" is active.

"Busy Time" Sum of the sweep cycle times of all channels since "Show Sweep Timing" is

active for at least one channel

To evaluate the measurement precision, proceed as follows:

1. Use automatic wait time control to create memory traces of your measurement
results.

2. Compare these memory traces to traces obtained with alternative wait time control

4.1.5 Automatic level control

Automatic level control (ALC) keeps the level of generated waves (source level) at a
constant value, irrespective of the DUT's input impedance. The measurement speed is
slightly reduced.

Control loop parameters

The analyzer uses a proportional-integral (P1) controller as a feedback controller for
ALC. PI controllers provide two control parameters:

® The proportional gain K, controls the change of the controller output in response to
the current error value. If the value is too high, the ALC can become unstable. If it

is too low, the ALC possibly does not respond sufficiently to errors and become too
slow.
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® The integration time T; controls the change of the controller output based on the
integral of the error over time. If the value is high, the ALC becomes slower. If it is
too low, the ALC can overshoot and thus become unstable.
The proportional and integration terms are summed to calculate the controller out-
put, so there is a tradeoff between the two terms.
Teontror 1S the (maximum) time the level control is performed — per sweep point. After
it has elapsed, the VNA proceeds with the measurement. T, cannot be set by
the user.
The control parameters can be set manually, or selected automatically by the ana-
lyzer. With automatic ALC parameter setting, the control parameters are deter-
mined by the selected ALC bandwidth as shown in the following table.

ALC IF IF filter (analog): normal IF filter (analog): wideband, narrowband
with [K©@®) [T | Tama(ms) | K (@B) Ti(ms) Teontror (M)
20 Hz 0.225 9.5 112.5 0.225 9.5 105.57
30 Hz 0.29 75 62.345 0.275 7 60.495
50 Hz 0.3 4.5 36.155 0.275 4.5 48.075
100 Hz 0.34 25 29.6 0.6 35 26.6
200 Hz 0.85 25 20.12 0.0043 0.03 20

500 Hz 1.2 2 13.955 0.65 0.75 5.167

1 kHz 0.8 0.5 3.835 0.3 0.25 1.9

10 kHz 0.66 0.042 0.35 0.3 0.025 0.215
100 kHz 0.11 0.0014 0.04 0.315 0.003 0.031

1 MHz - - - 0.177 .001475 0.04

For some test scenarios, an adjustment of the ALC parameters (loop tuning) can
improve the stability and speed of the ALC.

ALC pre-measurement

Since firmware version 2.30 the ALC measurements are performed separately, before
the user-requested measurements with their corresponding source settings. The ALC
measurements are done one after the other, until all sources have a precise level.

The new pre-measurement allows you to use ALC also for mixer, intermodulation, and
group delay measurements. It also induces a more predictable behavior for pulsed
measurements and higher precision for phase coherent source signals.

ALC optimization

To reduce the overall measurement time, the ALC pre-measurements can also be per-
formed in a speed-optimized way. By default this optimization is done if a single source
is using ALC, but not if pulsed or phase coherent source signals are generated.
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ALC deembedding

This feature allows the ALC to consider the configured offset or single-ended deem-
bedding network. The target power then refers to the DUT port instead of the calibra-
tion plane.

ALC with mmWave converters

Loop tuning is particularly beneficial for frequency converters R&S ZC500,
R&S ZC750, and R&S ZC1100.

To use ALC with mm-wave converters, suitable leveling data is required. The leveling
data must use a step size of 1 dB, which can be enforced with the ALC Step Size set-
ting.

4.1.6 Power correction from pre-measurement

The "power correction from pre-measurement” feature is an alternative to ALC. It uses
power values measured in the previous sweep or in several dedicated correction
sweeps to adjust the power in the current sweep. In contrast to ALC, which requires
additional time during each sweep, the power correction from pre-measurement does
not change the time required per point.

Core applications are pulsed stimuli, with pulses too short to run ALC, even in a sepa-
rate pulse.

Correction logic

® Similar to ALC, a particular wave (port and REF/MEAS) can be selected for correc-
tion

® The start value is the power defined by the user, including the source flatness cali-
bration, if available

® The firmware calculates the power of the calibrated wave and compares it to its
nominal value. If it observes a (significant) deviation, it adjusts the HW settings for
the next measurement.

® The pre-measurement sweep is done with the same settings as the measurement
sweep

@ ® Power correction from pre-measurement cannot be combined with ALC.
® During calibration, power correction from pre-measurement is temporarily disabled.

Pre-measurement mode

There are two pre-measurement modes:

® "Continuous": The correction is applied from one sweep to the next. It integrates
seamlessly into the standard processing, but can lead to frequently changing HW
settings.
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® "Once": At the initial start of the measurement, the firmware runs a user-defined
number of pre-measurement sweeps. Subsequent sweeps are run with the
derived, constant HW settings

CD In "Once" mode, during the pre-measurement averaging is (temporarily) disabled.

4.1.7 Data flow

The analyzer processes the raw measurement data in a sequence of stages to obtain
the displayed trace. The following subsections give an overview.

4.1.71 Channel data flow
The diagram below illustrates the data processing stages for the entire channel. All
stages are configurable.

Note that the channel data flow for S-parameters (and quantities derived from S-
parameters such as impedances, admittances, stability factors) differs from the chan-
nel data flow for wave quantities (and derived quantities such as ratios).
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In its original implementation, de-/embedding was calculated on the S-parameter
branch of the channel calculation chain. After applying factory calibration and/or user
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calibration on the measured wave quantities, intermediate results were transformed to
the S-parameter domain. Before each de-/embedding step, the S-parameters were
transformed to conductance (~ wave quantities), and vice versa afterwards.

The new "wave de-/embedding" remains in the wave quantity (~conductance) domain

and calculates all de-/embedding steps in one multiplication step, without unnecessary
matrix inversions. With "wave de-/embedding", the computation time does not depend

on the number of embedding and/or de-embedding steps but is constant.

4.1.7.2 Trace data flow

The diagram below illustrates the processing stages the channel measurement data
run through for each individual trace. Again, all stages are configurable.
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4.2 Screen elements

This section describes manual operation of the analyzer, including trace settings, mark-
ers and diagrams. For a description of the different quantities measured by the instru-
ment, refer to Chapter 4.3, "Measurement results", on page 149.

4.2.1 Display elements of a diagram

The central part of the screen is occupied by one or more diagrams.

A diagram is simply a rectangular portion of the screen used to display traces. Dia-
grams are independent of trace and channel settings. A diagram can contain a practi-
cally unlimited number of traces which can be assigned to different channels.

Most diagram settings are arranged in the "Display" softtool (key System — [Display]).
To assign traces and channels to diagrams, use the control elements on the "Traces" >
"Traces" and "Channel Config" > "Channels" softtool tabs (keys Trace — [Trace Config]
and Channel — [Channel Config]).

Diagrams can contain:

® Atitle (optional)

® The diagram number (or label)

® Measurement results, in particular traces and marker values (optional)

® Anindication of the basic channel and trace settings

® Context menus providing settings which are related to a particular display element
® Error messages

The examples in this section have been taken from Cartesian diagrams. All other dia-
gram types provide the same display elements.
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Trc dBMag [Tre2 dB Mag

Split All

q Add Trace

i
IIII I|'I El Add Trace + Diagram

v+ Add Marker

Color Scheme...

Chl Start 10 MHz Pwr -10dBm Bw 10kHz Stop 6 GHz

4211 Title

An optional title across the top of the diagram can be used for a brief description of the
diagram contents.

S-Pararmeter Measurement

O Select System — [Display] > "Diagram" > "Title" to enter the diagram title and "Show
= Title" to display or hide it.

4.2.1.2 Traces

A trace is a set of data points displayed together in the diagram. The individual data
points are connected so that each trace forms a continuous line.

The trace can be complemented by the following display elements, plotted with the
same color:

e Reference value (for all traces): The reference value is indicated with a triangle at
the right edge of the diagram and a dashed, horizontal line. The value and position
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of the triangle can be changed to modify the diagram scale and shift the trace verti-
cally.

® Measured quantity (for the active trace): The measured quantity is indicated in the
trace list; see "Trace list and trace settings" on page 126.

A trace can be either a data trace, a memory trace, or a mathematical trace; see
"Trace types" on page 126.

Trace types

The analyzer uses traces to display the current measurement result in a diagram. It is
also capable of storing traces to the memory, recalling stored traces, and defining
mathematical relations between different traces. There are three basic trace types:

® Data traces show the current measurement data and are continuously updated as
the measurement goes on. Data traces are dynamic traces.

® Memory traces are generated by storing the data trace to the memory. They repre-
sent the state of the data trace at the moment when it was stored. Memory traces
are static traces which can be stored to a file and recalled.

® Mathematical traces are calculated according to a mathematical relation between
constants and the data or memory traces of the active recall set. A mathematical
trace that is based on the active data trace is dynamic.

It is possible to generate an unlimited number of memory traces from a data trace and
display them together. Markers and marker functions are available for all trace types.

O The type of each trace in a diagram is indicated in the trace list: "MEM<no>" at the
= beginning of the trace name indicates a memory trace (with default naming), Math at
the end of the trace label indicates a mathematical trace. You can also hide a trace
("Invisible") without deleting it.

dB Mag 10 dBfRef0dE Chl Math Merm5[Trel ] dE iag 10 dB/Ref0dE Chi

dB Mag 10 dBfRef0dB Ch2 Inwisible

Trace list and trace settings

The main properties of all traces assigned to the diagram are displayed in the trace list
in the upper part of the diagram.

dE Mag 10dBfRef0dE Chl Math Mern3[Trcl] dE Mag 10dBfRef0dE Chl

dB Miag 10dBfRef0dB Ch2 Invisible

Each line in the trace list describes a single trace. The active trace is highlighted
("Trc5" in the example above). The lines are divided into several sections with the fol-
lowing contents (from left to right):

® The trace name appears in the first section. The default names for new traces are
Trc<n> with n automatically selected. A "Mem..." at the beginning of the trace
name indicates a memory trace (default naming). To change the trace names,
open the "Trace Manager" from any trace name segment's context menu.

® The measured quantity (e.g. an S-parameter or a ratio) appears on a colored
background. The source port for wave quantities and ratios is indicated in brackets.
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® The format section shows how the measured data is presented in the graphical
display. Use the context menu of the format section to change the format of the
related trace.

® The next sections show the value of the vertical or radial diagram divisions ("Scale
Div.") and the reference value ("Ref").

® The channel section shows the channel that each trace is assigned to. It is omitted
if the all traces in the diagram are assigned to the same channel.

® The type section indicates "Invisible" if a trace is hidden and Math if the trace is a
mathematical trace. "Gat" indicates that a time gate is active for the trace. Use the
"Mem Math" and "Traces" tabs of the "Traces" softtool to display and hide data and
memory traces, and to define mathematical traces.

O ® The respective section's context menu (except for the type section) provides
= access to the most common related tasks.

® |[f the size of the diagram is too small, some of the sections are hidden. Enlarge or
maximize the diagram to display all sections.

Example:

The following context menu is assigned to the measured quantity section in the trace
list:

Trct BN 20 %0-~ 1nmsoocan o

511

522
S-Parameter...

b1fal Src Port 1

b2fal Src Port 1

More Ratios...

al Src Port 1

b1 Src Port 1

b2 Src Port 1

a2 Src Port 2

More Wave Quantities...

Color Scheme...

A label "Cal Off" appears at the end of the trace line if the system error correction no
longer applies to the trace.
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4.2.1.3 Markers

Markers are tools for numerical readout of measured data and for selecting points on
the trace, or, in general, in the diagram area. A marker is displayed with a symbol (e.g.
a triangle, a crossbar or a line) on the trace, which can be a data trace or a memory
trace. At the same time, the coordinates are displayed in a marker info field or in a
table. Each marker can be defined as a normal marker (M), reference marker (R), or
delta marker (AM).

® A normal marker ("M1, M2...") determines the coordinates of a measurement point
on the trace.

® The reference marker ("R") defines the reference value for all delta markers.

® A delta marker ("DeltaM1, DeltaM2...") indicates the coordinates relative to the ref-
erence marker.

A special set of markers M1 to M4 is provided for bandfilter search mode.

The most common tasks to be performed with markers can be achieved using the

"Marker" menu functions:

® Determine the coordinates of a measurement point on the trace. In polar diagrams
where no x-axis is displayed, markers can be used to retrieve the stimulus value of
specific points.

® Determine the difference between two trace points or the relative measurement
result ("Delta Mode").

® Convert a complex measurement result into other formats.

Markers also play an important role in performing the following advanced tasks:
® Change the sweep range and the diagram scale ("Marker Function").

® Search for specific points on the trace ("Marker Search", "Target Search", "Bandfil-
ter").

Activating and moving markers

To activate a marker, either select the marker symbol itself or the corresponding line in
the marker info field.

To move the active marker on the trace, use one of the following methods:

® Drag the marker symbol to the desired position (Cartesian diagrams only).

® Activate the "Markers" tab of the "Marker" softtool (Trace — [Marker]) and enter the
related stimulus value numerically.

® Use the functions on the "Marker Search" softtool tab to move the marker to a spe-
cific position.
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If the marker position is adjusted using the roll key, the mouse or the cursor keys, it

@ always remains within the sweep range. If set explicitly by entering a numeric value,
the marker position can be outside the sweep range. In this case, the marker symbol is
automatically positioned to the start or stop value of the sweep range, whichever is
closer.

Marker info field

The coordinates of all markers defined in a diagram can be displayed in the info field,
which by default is located in the upper right corner.

The info field contains the following information:

e "M1, M2..." denote the marker numbers. Markers are displayed with the same color
as the associated trace.

® The marker coordinates are expressed in one of the marker formats selected via
Trace — [Marker] > "Marker Props" > "Marker Format". The formats of the markers
assigned to a trace are independent of each other and of the trace format settings.
For harmonics traces, the label shows a "H<order>" below the x-axis frequency

® The active marker has a dot placed in front of the marker line.

® "R" denotes the reference marker. A "A" sign placed in front of the marker line indi-
cates that the marker is in delta mode.

Open the context menu of the marker info field to access frequently used marker set-
tings.

Markers
All Markers Off

Marker Props

/:\ Max

g/ Min

Customizing the marker info field

To change the position, appearance or contents of the marker info field, use one of the
following methods:

® The info field can be moved to several positions in the upper and lower part of the
active diagram. Drag & drop it to the desired position.
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® To change the format of the active marker, select [TRACE] > "Marker" > "Marker
Properties" > "Marker Format".

® To express the coordinates of the active marker relative to the reference marker,
activate the delta mode [TRACE] > "Marker" > "Marker Properties" > "Delta Mode".

O Info Table

If you wish to reserve the full diagram space for traces, you can drag & drop the
marker info field to the info table.

The info table is hidden by default. To display it, open the "Display" softtool (System —
[Display]), activate its "Config" tab and select "Info Table" — "Show".

Marker format

Marker values can be formatted according to the current trace format, according to the
default marker format of the related trace (Trace > [Format] > "Format" > "Dflt Marker
Frmt" ), or formatted individually (Trace > [Marker] > "Marker Props" > "Marker For-
mat").

The available marker formats are defined for all measured quantities and trace formats
(see Chapter 4.2.3.3, "Measured quantities and trace formats", on page 148). Essen-
tially, a marker format is simply a conversion between points on a complex-valued
trace (the raw measurement data) and the respective target format. This must be kept
in mind when interpreting the results and physical units displayed.

The following table describes how a complex marker value z = x + jy is converted. It
makes use of the polar representation z = x + jy = |z| €l®@, where

|z] = (x2 +y2)"2 and @(z) = arctan(y / x )

Table 4-3: Marker formats

Marker Format Description Formula

Default ®  For an individual marker, this means that -
the marker is formatted according to the
default marker format of the related trace.

®  For atrace's default marker format, this
means that the default format is (dynamically)
adjusted according to the selected trace for-

mat.
Lin Mag Magnitude of z, unconverted |z] = sqrt ( X2 + y?)
dB Mag Magnitude of z in dB dB Mag(z) = 20 * log|z| dB
Phase Phase of z @ (z) = arctan (y/x)
Delay Group delay, neg. derivative of the phase —do(z) / dw, where w denotes
response’) the stimulus frequency
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Marker Format Description Formula
Real Real part of z Re(z) = x
Imag Imaginary part of z Im(z) =y
SWR (Voltage) Standing Wave Ratio SWR=(1+]z])/(1-]z])

dB Mag Phase

Magnitude of z in dB and phase in two lines

20 * log|z| dB arctan ( Im(z) /
Re(z))

Lin Mag Phase

Magnitude of z (unconverted) and phase in two
lines

|z| arctan ( Im(z) / Re(z) )

Real Imag Real and imaginary part of z in two lines Xy
R+jX (Series) impedance: Rs
or Unnormalized (series) resistance, reactance, and | X
R +i X series™) either inductance or capacitance, in three lines -
: (Smith diagram) Lsor Cs
R +j X parallel™ Parallel impedance: Rp
Unnormalized parallel resistance, reactance, and X,
either inductance or capacitance, in three lines -y
(Smith diagram) Lyor G,
G+jB (Series) admittance: G
or Unnormalized (series) conductance, susceptance, | By
G +iB series™ and either inductance or capacitance, in three y
J lines (Inverted Smith diagram) Lsor Cs
G + j B parallel™ Parallel admittance: G,
Unnormalized parallel conductance, susceptance, B,
and either inductance or capacitance in three lines o
(Inverted Smith diagram) LporC,

Imp Mag
or
IMP Mag series***)

Magnitude of (series) impedance™

|ZJ| = (RZ + X2)"

Adm Mag series***)

Imp Mag paral- Magnitude of parallel impedance™ 1Zo] = (R + X,2)12
Iel***)

Adm Mag Magnitude of (series) admittance™ [Yol = (G2 + B2)'"2
or

Adm Mag paral-

Magnitude of parallel admittance™

|Yp| = (sz + Bp2)1/2

tion (1 Hz bandwidth).

Iel***)
Index Index of the current sweep point -
Noise Noise power density measured at the marker posi- | Cum On, Feel the Noize ...

") The delay aperture is defined in the [Trace Config] > "Format" softtool.

™) An impedance Z is represented as Z = R + jX, the corresponding admittance as Y =
1/Z = G + jB. For X =2 0, we have an inductance L = X/w, for X < 0 we have a capaci-

tance C = 1/(wX), where w denotes the stimulus frequency.
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)Only available for transmission measurements (see Chapter 4.3.3.1, "Converted
impedances", on page 154)

Marker coupling
It connects the markers of a set of traces.

Marker coupling allows you to compare different measurement results (assigned to dif-
ferent traces) at the same stimulus value. It connects the markers of a set of traces.

Marker coupling can be enabled:

® FEither for all traces in the active recall set that have the same stimulus variable as
the active trace

e or for all traces in a channel

e or for all traces in a diagram that have the same stimulus variable as the active
trace

When marker coupling is enabled, the same markers are activated for all related
traces: if a marker was active for some related trace, then it is activated for all related
traces.

While marker coupling is active, the marker sets of the related traces are always kept

in sync, i.e.:

® |f a marker is added to (removed from) one of the related traces, it is also added to
(removed from) the other related traces.

® |f a marker is moved to a particular stimulus value for one of the related traces,
then it is moved to this stimulus value for all related traces.
If the new stimulus value is outside a trace's sweep range, the marker value is
invalid for this trace. The corresponding info field only displays the stimulus value.

Only one kind of marker coupling can be enabled. For instance, it is not possible to
couple markers per channel and per diagram at the same time.

Basic marker search functions

The search functions are tools for searching measurement data according to specific
criteria. A search consists of analyzing the measurement points of the current trace (or
of a user-defined subrange termed the "Search Range") to find one of the following:

® Absolute or relative (local) maxima and minima (peak search).

® Trace points with a specific response value (target search).

® Trace segments with a shape that is characteristic for bandpass or bandstop filters
(bandfilter search); see "Bandfilter search" on page 133.

When the search is activated, the active marker is moved to the (next) point that meets
the search criteria. If the trace contains no markers, a marker M1 is created and used
for the search. The search result is displayed in the marker info field. If no search result
can be found, the marker remains at its original position.

Some search functions can be activated repeatedly to find all possible search results.
Moreover the analyzer provides a "Tracking" mode where the search is repeated after
each sweep.
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Multiple peak search

Multiple peak search allows you to find multiple local minima/maxima at once. Markers
1 to 10 are assigned to the peaks detected from the start frequency towards the stop
frequency. Multiple peak search uses its own search and tracking settings; search and
tracking settings for standard marker search are ignored.

Bandfilter search

In a bandfilter search, the R&S ZNA locates trace segments with a bandpass or band-
stop shape and determines characteristic filter parameters.

Bandpass and bandstop regions can be described with the same parameter set:

® A bandpass region contains a local maximum around which the magnitude of the
trace falls off by more than a specified value.

® A bandstop region contains a local minimum around which the magnitude of the
trace increases by more than a specified value.

The analyzer locates bandpass and bandstop regions and determines their position
("Center" frequency) and shape ("Bandwidth", "Lower Edge" and "Upper Edge", quality
factor. For a meaningful definition of the bandwidth factor, the trace format must be "dB

The info field contains the following search results:

e "Bandwidth" is the n-dB bandwidth of the bandpass/bandstop region, where n is a
selectable bandwidth factor. The bandwidth is equal to the difference between the
lower and the upper band edge frequency.

® "Center" is calculated as the geometric or arithmetic mean of the lower band edge
frequency f gg and the upper band edge frequency fjgg:
feenter = SQrt (fige * fuge)  (geometric mean) or
feenter = 1/2 (fige + fuge)  (arithmetic mean)

The arithmetic mean is always higher than the geometric mean. The values are
close if the bandwidth is small compared to the geometric mean of the band edges.

e "Lower Edge" is the closest frequency below the maximum (or minimum), where
the trace value is equal to the maximum (minimum) value minus (plus) n dB.

e "Upper Edge" is the closest frequency above the maximum (or minimum), where
the trace value is equal to the maximum (minimum) value minus (plus) n dB.

® The "Quality Factor (3 dB)" is the ratio between the "Center" frequency and the 3-
dB "Bandwidth"; it does not depend on the selected bandwidth factor.

® The "Quality Factor (BW)" is the ratio between the "Center" frequency and the
"Bandwidth" displayed above. This result is available only if the selected bandwidth
factor is different from 3 dB.
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® "Loss"is the loss of the filter at its maximum (or minimum) and is equal to the
response value of marker no. 1. For an ideal bandpass filter, the loss is zero (0
dB), for an ideal bandstop filter it is —o dB.

522 | | Center +¢ Maximﬁm

L_evel
(x dB
bandwidth

Bandwidth

Lower | | | Upper |
band edge | band edge

4.2.1.4 Channel list and channel settings

The main properties of all channels assigned to the traces in the diagram are displayed
in the channel list below the diagram.

Ch1 Start 5kHz -
Ch2 Fregq 1 z }
Ch3 Freq 1GHz wr - im  Bw 10 kHz

Chd 5 ) kHz wr -10dBm 10 kHz

Trcd Start -Tns Time Domain

Each line in the channel list describes a single channel. The channel of the active trace
is highlighted. The lines are divided into several sections with the following contents
(from left to right):

® The "Channel Name" appears in the first section. The default names for new chan-
nels are Ch<n> with an automatically assigned number <n>. If a time domain
transform is active, the R&S ZNA displays an additional line to indicate the stimulus
range of the displayed time-domain trace.
Open the "Channel Manager" from the name segment's context menu to change
the channel name.

® The measurement mode identifier section (optional) indicates a special test
mode of the channel, e.g. the measurement at arbitrary port frequencies ("Arb Port
r1").

e Start indicates the lowest value of the sweep variable (e.g. the lowest frequency
measured), corresponding to the left edge of a Cartesian diagram.

® The color legend shows the display color of all traces assigned to the channel.
The colors are different, so the number of colors is equal to the numbers of traces
assigned to the channel.

® The values behind the color legend show the constant stimulus value, which is
either the power of the internal signal source (for frequency sweeps and time
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sweeps) or the CW frequency (for power sweeps), and the measurement band-
width ("BW").

® Stop indicates the highest value of the sweep variable (e.g. the highest frequency
measured), corresponding to the right edge of a Cartesian diagram.

O Open a segment's context menu to access common related tasks.

Example:
The following context menu is assigned to the channel name section:

‘\ Channel Manager...

% Add Channel + Trace

E_l &dd Channel + Trace + Diagram

The settings in the context menus correspond to the most common functions in the
Channel — [Channel Config] > "Channels" softtool tab, the "Stimulus" softtool (opened
via Stimulus keys), the Channel — [Sweep] > "Sweep Params" softtool tab, and the
Channel — [Pwr Bw Avg] softtool.

4.2.1.5 Context menus

To provide access to the most common tasks and speed up the operation, the analyzer
offers context menus (right-click menus) for the following display elements:

® Diagram
® Marker info field

® Trace list (separate context menus for trace name section, measured quantity sec-
tion, format section, scale section, and channel section)

® Channel list (separate context menus for channel name section, sweep range sec-
tion, additional parameter section)

To open a context menu associated with a display element, tap and hold the element
for some seconds. Right-click the display element if you are using a mouse.

Example:
The following context menu is assigned to the channel name section in the channel list:

‘\ Channel Manager...

i} Add Channel + Trace

E\_l &dd Channel + Trace + Diagram
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The functions of the context menu can also be called using the menu bar or the related
softtool panels. Use whatever method is most convenient.

Dialogs
Dialogs provide groups of related settings and allow to make selections and enter data
in an organized way. All softkeys with three dots behind their labeling (as in "Balanced

Ports...") call up a dialog. The dialogs of the analyzer have an analogous structure and
several common control elements.

4'2# Balanced Ports
Predefined Config User Config Reference Impedance

Physical Ports Select Predefined Port

P1

P1 P2 P1 P2 P1

. .

l (A) 2 x Single (B) 1 x Balanced {C) 1 xSingle

|

L2

Logical Ports

Dialogs are controlled in the usual way. For an introduction, refer to Chapter 3.3.4,
"Working with dialogs", on page 57.

Immediate vs. confirmed settings

In some dialogs settings take effect immediately, so that the effect on the measurement
is observable while the dialog is still open. This behavior is particularly useful when a
numeric value is incremented or decremented, or when display elements are added or
removed.
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"2& Trace Manager

Channel

Ch1 w7

Ch2 =

Couple Couple
all Channels all Scales

In most dialogs, however, it is possible to cancel an erroneous input before it takes
effect. The settings in such dialogs must be confirmed explicitly.
The two types of dialogs are easy to distinguish:

® Dialogs with immediate settings provide a "Close" button but no "OK" button.
Example: "Trace Manager" dialog

® Dialogs with confirmed settings provide both an "OK" button and a "Cancel" button.
Example: "Balanced Ports" dialog

Immediate settings can be undone using the "Undo" toolbar icon.

Common dialogs

Open Dialog
The "Open File" dialog is used to open various file types (cal kit data, limit lines, sweep
segment lists, ...).

4'2# Import Complex Data

Look in: u <User Dir> \Traces ~ 4= T ﬂ_ o Windows

Cl Explorer
]& My Computer Name Date Modified

. O Import Data
l Traces (B tests2p 42KB 03 02,2018 15:59

to New Mem

¢ testsap 170KB 3 042017 11:05
a1 e 41K8
1 s [0

'b. 014 .
G oper

Files of type: All Trace Files (*.5*p *.csv *.dat) hd Cancel

Depending on the context, the dialog is displayed with different caption, default direc-
tory ("Traces" in the above screenshot), and file type filters. Context-specific options
("Import Data to New Mem" in the above screenshot) are accessible via controls in the
section below the "Windows Explorer" button.
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® "Look in:" specifies the directory to be listed. The icons to the right of the pull-down
list are provided for easy navigation in the file system (place the cursor on the
icons to obtain "Whats this" help).
"Windows Explorer" opens the selected directory in the Windows Explorer.
"File name" specifies a filename to save the current data. The analyzer adds the
extension in the "Files of type" field.

® "Files of type" filters the displayed files by type.

® "Open" opens selected file and closes the dialog.

® "Cancel" closes the dialog without opening a file.

Tip: Dialog properties (e.g. the current directory) are remembered when the dialog is
closed. To restore default directories, select "Use Default Directories" in the Presets
tab of the "System Config" dialog.

Save Dialog
The "Save" dialog is used to store various data types (e.g. cal kit data, limit lines,
sweep segment lists, ...).

4'2# Export Data - Touchstone Files

Look in: u <User Dir> \Traces ¥~ T ﬂ_ o ? Windows

Q) Explorer

_‘& My Computer Date Modified Dhsk before

. Traces & My TracesTp 14KB 9g.03.2018 18:45

Overwriting

Output Format

Real-Imag

Files of type: Touchstone Files (*.s1p) -

Depending on the context, the dialog is displayed with different caption, default direc-
tory ("Traces" in the above screenshot), and file types. Context-specific options (e.g.

"Output Format" in the dialog above) are accessible via controls in the section below
the "Ask Before Overwriting" toggle button.

® "Look in" specifies the drive and directory in which the data is stored. The icons to
the right of the pull-down list are provided for easy navigation in the file system
(place the cursor on the icons to obtain "Whats this" help).

® "File name" specifies a filename to save the current data. The analyzer adds the

extension in the "Files of type" field.

"Files of type" selects a particular file type for the created file.

"Save" saves the data in the selected file and directory and closes the dialog.

"Cancel" closes the dialog without saving the data.

"Windows Explorer" opens the selected directory in Windows Explorer.

If "Ask Before Overwriting" is enabled, overwriting an existing file has to be con-

firmed.

Tip: Dialog properties (e.g. the current directory) are remembered when the dialog is
closed. To restore default directories, select "Use Default Directories" in the Presets
tab of the "System Config" dialog.
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4.2.2.3 Multi-channel setup dialog

Depending on the desired DUT and measurement type, the measurement channel has
to be prepared in a particular way. The multi-channel setup dialog was invented to
make this task as easy as possible.

Setup

Receiving Port
@ Intermod. ':\

Spectrum ‘\

Combiner
Configuration

IMD Sweep Type Start Frequency Stop Frequency Number of Points Base Power

IF Bandwidth Step Att Receiving Port Delta Frequency RF Freq. fixed to IF Filter (digital)

10 kiz 1048 iMH i Normal

- Frequency
Reset o e A

Figure 4-2: Multi-channel setup dialog

The buttons in the optional "Setup" part on the right allow you to switch between differ-
ent measurement modes. The available measurement modes depend on the available
options, e.g. intermodulation measurements require option R&S ZNA-K4 and spectrum
measurements require option R&S ZNA-K1.

The controls in the vertical center of the dialog (to the left of the "Setup” part) allow you
to set up the selected measurement mode. From top to bottom:

® generator and receiver ports

® signal path (direct access, combiners etc.)

® sweep parameters

® measurement logic

® measurement-specific channel settings

The channel selector in the title bar and the channel-related buttons in the lower part of

the dialog ("Copy to New Channel", "Copy to New Ch + Diagram" allow you to select
the target channels.

® On "OK", the channel selected in the title bar of the dialog is prepared for the mea-
surement.

® Using "Copy to New Channel" or "Copy to New Ch + Diagram" it is possible create
a channel and prepare the channel for the measurement in one go.

O "OK", "Copy to New Channel" and "Copy to New Ch + Diagram" are only active, if the
= configured measurement setup is valid. Error and warning messages are displayed to
point out possible configuration problems.

The info or warning icon overlayed on the "Frequency Overview" button indicates
whether the resulting source and receiver frequencies are valid. Open the related dia-
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log to find out more about the resulting frequncy ranges and possible frequency range
violations:

Frequency » - e
Overview A "0’ Frequency Overview
Lower

Main Tone | 10 MHz ... 26.5 GHz

3.Order |9 MHz ... 26.499 GHz

5.0rder |8 MHz ... 26.498 GHz

7.0rder |7 MHz ... 26.497 GHz

9. Order |6 MHz ... 26.496 GHz

lay Application Sy

After the channel configuration is applied, the related setup dialog and mode can be
recalled at any time using the wrench icon in the main toolbar. When reopened, the
"Reset" button in the lower left corner allows you to unwind subsequent modifications
that were not yet applied.

4.2.3 Trace formats

A trace format defines how a trace is represented in a diagram.

The R&S ZNA supports the following trace formats:

® (Cartesian trace formats "dB Mag", "Phase", "SWR", "Unwr Phase", "Lin Mag", "Log
Mag", "Real", "Imag" and "Delay".

® Complex trace formats "Polar", "Smith" and "Inv Smith"

The VNA firmware allows arbitrary combinations of trace formats and measured quan-
@ tities. However, to extract useful information from the measured data, it is important to

select a trace format which is appropriate for the analysis of a particular measured

quantity; see Chapter 4.2.3.3, "Measured quantities and trace formats", on page 148.

4.2.3.1 Cartesian trace formats

Cartesian trace formats assign a scalar response to the stimulus value (frequency,
power, or time). The response can be calculated from the measured quantity at the
related stimulus value, but it can also be the result of some mathematical transforma-
tion of the original (unformatted) trace.
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Diagram representation

When a Cartesian trace is assigned to a diagram, the stimulus variable appears on the
horizontal axis (x-axis), the response values appear on the vertical axis (y-axis).
Graph Scaling

® Except for the "Log Mag" format, the y-axis scale is always linear.

® The x-axis scaling depends on the sweep type of the channel to which the trace is
assigned:

— For sweep types "Lin Freq", "Power", "CW Mode" and "Time" it is scaled line-
arly.

— For sweep type "Log Freq", it is scaled logarithmically.
The resulting linear or lin-log grid is plotted with the formatted trace.

The following examples show "dB Mag" Cartesian traces for the same measured quan-
tity and sweep range, but with "Lin Freq" and "Log Freq" sweep types.

Trc dBMag 10 dB/ Ref 0 dB

Chl| Start 10MHz Pwr -10dBm Bw 10kHz Stop 6 GHz

Trc2 dBMag 10 dB/ Ref 0 dB

Ch? Start 10MHz Pwr -10dBm Bw 10kHz Stop 6 GHz

Figure 4-3: S11 trace in dB Mag format: sweep type Lin Freq (top) and Log Freq (bottom)

Conversion of complex to real quantities

Among the measured quantities the R&S ZNA supports, only "Stability" factors and
"Power Sensor" results are real. All other measured quantities are complex.

The following table shows how "real" response values are calculated from complex
measurement values z = x + j y (where x, y, z are functions of the sweep variable). The
formulas also hold for real measurement values (y = 0).
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Trace Format Description Formula

"dB Mag" Magnitude of z in dB dB Mag(z) = 20 * log|z| dB

"Phase" Phase of z @ (z) = arctan (y/x)

"SWR" (Voltage) Standing Wave Ratio SWR=(1+]|z|)/(1-|z|)

"Lin Mag" Magpnitude of z, unconverted |z| = sart (x2 +y?)

"Real" Real part of z Re(z) = x

"Imag" Imaginary part of z Im(z) =y

"Delay" Group delay, neg. derivative of the —-do(z)/dQ (Q=2m*f)
phase response

An extended range of formats and conversion formulas is available for markers. To
convert any point on a trace, create a marker and select the appropriate marker format.
Marker and trace formats can be selected independently.

Complex trace formats

Complex trace formats assign a complex response to the stimulus value (frequency,
power, or time).

In diagrams, the response values are always represented as points in the two-dimen-
sional complex plane:

® The complex 0 is located at the center of the diagram.

® The real part is drawn in horizontal direction, the imaginary part in vertical direction.

Result values for consecutive stimulus values are interconnected by straight lines, so
the trace is represented as a polygonal chain in the complex plane.

The stimulus axis is not visible. However, the stimulus value for a given trace point can
be displayed using a marker.

The difference between the different complex trace formats (Polar,Smith and Inv
Smith) is the coordinate system that is used for the representation of the response val-
ues and that is graphically overlaid to the formatted trace.

Polar

For "Polar" traces the complex response values are represented in polar coordinates:
magnitude and phase.

In a diagram the grid lines overlaid to the trace correspond to points of equal magni-
tude and phase:

® Points with equal magnitude are located on circles around the complex 0 that is
located at the center of the diagram.

® Points with the equal phase are located on straight lines originating at the center.

The following example shows a polar diagram with a marker used to display a pair of
stimulus and response values.
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Trc Polar 200 mU/ Ref 1U

Chl| Start 10MHz Pwr -10dBm Bw 10 kHz Stop 6 GHz

Example: Reflection coefficients in polar diagrams

If the measured quantity is a complex reflection coefficient (S44, Sy, etc.), then the cen-
ter of the polar diagram corresponds to a perfect load Z; at the input test port of the
DUT (no reflection, matched input). The outer circumference (|S;| = 1) represents a
totally reflected signal.

a0 )
=140 Circles of equal
magnitude
oltage 8
reflection Waoltage reflaction

Open-circuited
load (2 = infinity)

Short-circuited
load {2 =0) \‘

1500 oo

) Radial lines of
Matching equal phase angle

impadance (£ = 2Z,)

J;I:'I"

Examples for definite magnitudes and phase angles:

® The magnitude of the reflection coefficient of an open circuit (Z = infinity, | = 0) is
one, its phase is zero.

® The magnitude of the reflection coefficient of a short circuit (Z =0, U = 0) is one, its
phase is =180 deg.

Smith

For "Smith" traces the response values are interpreted as reflection coefficients S; and
represented in terms of their corresponding complex impedance Z(S;) = R(S;) + j X(S;).

User Manual 1178.6462.02 — 30 143



R&S®ZNA Concepts and features

Screen elements

In a diagram, the grid lines overlaid to a "Smith" trace correspond to points of equal
resistance R and reactance X:

® Points with the same resistance are located on circles.
® Points with the same reactance produce arcs.

The following example shows a Smith chart with a marker used to display the stimulus
value, the complex impedance Z = R + j X and the equivalent inductance L.

Trc Smith 200 mU/ Ref 1U

Chl| Start 1.77 GHz Pwr -10dBm Stop 2.5 GHz

Smith chart construction

In a Smith chart, the impedance plane is reshaped so that the area with positive resist-
ance is mapped into a unit circle.

ﬁq

0 +R S
> oo

JJ

The basic properties of the Smith chart follow from this construction:

® The central horizontal axis corresponds to zero reactance (real impedance). The
center of the diagram represents Z/Z, = 1 which is the reference impedance of the
system (zero reflection). At the left and right intersection points between the hori-
zontal axis and the outer circle, the impedance is zero (short) and infinity (open).

® The outer circle corresponds to zero resistance (purely imaginary impedance).
Points outside the outer circle indicate an active component.

® The upper and lower half of the diagram correspond to positive (inductive) and
negative (capacitive) reactive components of the impedance, respectively.
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Example: Reflection coefficients in the Smith chart

If the measured quantity is a complex reflection coefficient I' (e.g. S44, Sy,), then the
unit Smith chart can be used to read the normalized impedance of the DUT. The coor-
dinates in the normalized impedance plane and in the reflection coefficient plane are
related as follows (see also: definition of matched-circuit (converted) impedances):
14T
40y = ——=
/ 1-T

From this equation, it is easy to relate the real and imaginary components of the com-
plex resistance to the real and imaginary parts of I':

1 — Re(I')* — Im(I")”
[1 — Re(I")]2 + Im(T")?

X =1m(Z/%Z,) = 2 Im(T)
"7 [1 = Re(D)]? + Im(I)?

R =Re(Z/Zy) =

According to the two equations above, the graphical representation in a Smith chart
has the following properties:

® Real reflection coefficients are mapped to real impedances (resistances).
® The center of the I plane (I = 0) is mapped to the reference impedance Z,,
whereas the circle with |I'| = 1 is mapped to the imaginary axis of the Z plane.

® The circles for the points of equal resistance are centered on the real axis and
intersect at Z = infinity. The arcs for the points of equal reactance also belong to
circles intersecting at Z = infinity (open circuit point (1, 0)), centered on a straight
vertical line.

Circles of equal
resistance

Short-circuited
load (£ =10) \‘
Lo ,' n:

-

Open-circuited
load (£ = infinity}

Arcs of equal
reactance

Matching hY e
impedance (£ = £;) '{f"

Examples for special points in the Smith chart:

® The magnitude of the reflection coefficient of an open circuit (Z = infinity, | = 0) is
one, its phase is zero.

® The magnitude of the reflection coefficient of a short circuit (Z =0, U = 0) is one, its
phase is —180 deg.
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Inv Smith

For "Inv Smith" formatted traces, the response values are interpreted as complex
reflection coefficients S; and represented in terms of their corresponding complex
admittance Y(S;) = G(S;) +j B(S;).

In a diagram, the grid lines overlaid to a "Smith" trace correspond to points of equal
conductance G and susceptance B:

® Points with the same conductance are located on circles.

® Points with the same susceptance produce arcs.

The following example shows an inverted Smith chart with a marker used to display the
stimulus value, the complex admittance Y = G + j B and the equivalent inductance L.

Trc Inv. Smith 200 mU/ Ref 1U

Chl Start 1.77GHz Pwr -10dBm Bw 10kHz

Inverted Smith chart construction

The inverted Smith chart is point-symmetric to the Smith chart:
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The basic properties of the inverted Smith chart follow from this construction:

® The central horizontal axis corresponds to zero susceptance (real admittance). The
center of the diagram represents Y/Y, = 1, where Y, is the reference admittance of
the system (zero reflection). At the left and right intersection points between the
horizontal axis and the outer circle, the admittance is infinity (short) and zero
(open).

® The outer circle corresponds to zero conductance (purely imaginary admittance).
Points outside the outer circle indicate an active component.

® The upper and lower half of the diagram correspond to negative (inductive) and
positive (capacitive) susceptive components of the admittance, respectively.

Example: Reflection coefficients in the inverted Smith chart

If the measured quantity is a complex reflection coefficient I' (e.g. Sy4, Sy,), then the
inverted Smith chart can be used to read the normalized admittance of the DUT. The
coordinates in the normalized admittance plane and in the reflection coefficient plane
are related as follows (see also: definition of matched-circuit (converted) admittances):

1-T
Y)Yy = —
/Yo 1+T

From this equation, it is easy to relate the real and imaginary components of the com-
plex admittance to the real and imaginary parts of I':

1 — Re(T')? — Im(I")*
[1 4 Re(I)]? 4 Im(T")?
—2 Im(T")

[1 4 Re(I)]? 4 Im(T")?

G = Re(Y/Yp) =

B =Tm(Y/Yp) =

According to the two equations above, the graphical representation in an inverted
Smith chart has the following properties:

® Real reflection coefficients are mapped to real admittances (conductances).

® The center of the I plane (I" = 0) is mapped to the reference admittance Y,
whereas the circle with || = 1 is mapped to the imaginary axis of the Y plane.

® The circles for the points of equal conductance are centered on the real axis and
intersect at Y = infinity. The arcs for the points of equal susceptance also belong to

circles intersecting at Y = infinity (short circuit point (-1, 0)), centered on a straight
vertical line.
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. Circles of equal
» conductance

Open-circuited
load (¥ =0)

Arcs of equal
Matching susCaplarce

admittance (¥ = ,) ™

Examples for special points in the inverted Smith chart:

® The magnitude of the reflection coefficient of a short circuit (Y = infinity, U = 0) is
one, its phase is —180 deg.

® The magnitude of the reflection coefficient of an open circuit (Y =0, | = 0) is one, its
phase is zero.

4.2.3.3 Measured quantities and trace formats

The analyzer allows any combination of a display format and a measured quantity. The
following rules can help to avoid inappropriate formats and find the format that is ide-
ally suited to the measurement task.

e All formats are suitable for the analysis of reflection coefficients S;. The formats
"SWR", "Smith" and "Inv Smith" lose their original meaning (standing wave ratio,
normalized impedance or admittance) if they are used for transmission S-parame-
ters, ratios and other quantities.

® For complex "Impedances", "Admittances", "Z-parameters", and "Y-parameters"
generally a Cartesian format or the polar format is suitable.

® For the real valued Stability factors, one of the Cartesian formats "Lin Mag" or
"Real" should be used. In complex formats, real numbers represent complex num-
bers with zero imaginary part.

The following table gives an overview of recommended display formats.

Complex dimensionless quan- | Complex quantities with dimensions: | Real quantities:
titias: Wave quantities, Z-parameters, Y-
S-parameters and ratios parameters, impedances, admittan-
ces
Lin Mag ON ON (default for Z-parameters, Y-param- | ON (default)
eters, impedances, admittances)
dB Mag ON (default) ON (default for wave quantities) -
Phase ON ON -
Real ON ON ON
Imag ON ON -
Unwrapped Phase ON ON -
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Complex dimensionless quan- | Complex quantities with dimensions: | Real quantities:

tities: Wave quantities, Z-parameters, Y-

S-parameters and ratios parameters, impedances, admittan-
ces
Smith ON (reflection coefficients S;) - -
Polar ON - -

Inverted Smith

ON (reflection coefficients S;) - -

SWR

ON (reflection coefficients S;) - -

Delay

ON (transmission coefficients Sy) | — -

4.3

4.3.1

The default formats are activated automatically when the measured quantity is
changed.

Measurement results

This section gives an overview of the measurement results of the network analyzer and
the meaning of the different measured quantities. All quantities can be selected in the
"Meas" softtool (function key Trace — [Meas]).

S-parameters
S-parameters are the basic measured quantities of a network analyzer. They describe

how the DUT modifies a signal that is transmitted or reflected in forward or reverse
direction. For a 2-port measurement, the signal flow is as follows.

- -
) dq o0—— Sy ———Ob b,
Forward S.,D _—— S”Z,rev Reverse
measurement b1 .(: | “= measurement
o— —0 a <:
P Si2 2
I31,reew

Port 1 DUT Port 2

The figure above is sufficient for the definition of S-parameters but does not necessa-
rily show the complete signal flow. In fact, if the source and load ports are not ideally
matched, part of the transmitted waves are reflected off the receiver ports. An addi-
tional a, contribution occurs in forward measurements, and an a; contribution occurs in
reverse measurements. The 7-term calibration types Txx take these additional contri-
butions into account.

The scattering matrix links the incident waves a;, a, to the outgoing waves b,, b,
according to the following linear equation:
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by _ S Si2| |aa
by Sa1 - Saa| |as
Meaning of 2-port S-parameters

The four 2-port S-parameters can be interpreted as follows:

e S, is the reflection coefficient of DUT port 1, i.e. the ratio between outgoing wave
b, and incident wave a, in a forward measurement with matched DUT port 2:
Sy1=by/a; ,if|lay]>0anda, =0

® S, is the forward transmission coefficient, defined as the ratio between outgoing
wave b,and incident wave a, in a forward measurement with matched DUT port 2:
S,y=by/ay ,if|la;]>0anda, =0

® S,,is the reverse transmission coefficient, defined as the ratio between outgoing
wave bjand incident wave a, in a forward measurement with matched DUT port 1:
Si,=byla, ,if|lag]>0anda; =0

® S, is the reflection coefficient of port 2, i.e. the ratio between outgoing wave b, and
incident wave a, in a forward measurement with matched DUT port 1:
Szzzbzlaz y if|a2|>Oanda1 =0

Meaning of squared amplitudes

The squared amplitudes of the incident and outgoing waves and of the matrix elements
have a simple meaning:

Table 4-4: Squared S-parameters

ail? Available incident power (= the power provided by a generator with

[ai yag
a source impedance equal to the reference impedance Z,) at DUT
port i=1,2

|bi[2 Reflected power at DUT port i=1,2

10 log|S;|? = 20 log|S;| Reflection loss at DUT port i=1,2

10 log|Sy4|? = 20 log|S,4| Insertion loss of forward transmission

10 log|S1,/? = 20 log|S+,| Insertion loss of reverse transmission

4.3.1.1 Multiport S-parameters

The multiport S-parameters extend the standard 2-port S-parameters to a larger num-
ber of incident and outgoing waves. For a 4-port DUT,

b1 S11 S12 S13 S14 a1
bz — SZ1 SZZ SZS SZ4 % a2
b3 SS1 SSZ S33 S34 aS
b4 S41 S42 S43 S44 a4

where again a; (i = 1 to 4) denote the incident, b; (i = 1 to 4) denote the outgoing waves,
and the S-parameters are expressed as S;; (i,j = 1 to 4).
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The indices of the S-parameters described so far number the output and input ports of
a DUT; the parameters are referred to as single-ended S-parameters. The S-parameter
description can also be used to differentiate between different propagation modes of
the waves at the output and input ports. This results in the so-called mixed mode S-
parameters. The analyzer measures either single-ended or mixed mode S-parameters.

4.3.1.2 Redefined S-parameters

The analyzer firmware allows you to redefine the physical VNA ports, simply by speci-
fying:

® areference receiver ("a wave")

® a measurement receiver ("b wave")

® agenerator ("Source" VNA or external generator port)

As a consequence, the measured S-parameters and other measured quantities are
also redefined.

® The receivers and generators can be freely assigned, but without reusing the same
(original) physical port in different (redefined) ports. See Chapter 5.19.8.2, "Define
Physical Ports dialog", on page 928.

® Redefined physical ports are global, persistent settings, i.e. they are valid for all
recall sets. A [Preset] does not reset the physical port configuration.

® Redefining physical ports causes a factory reset.
The factory reset deletes all switch matrix RF connections.

Redefining physical ports can be used to insert external components (e.g. external sig-
nal separating devices, power amplifiers etc.) into the signal path. This allows you to
develop custom measurements, e.g. to test high-power devices and extend the
dynamic range.

Redefined Physical Port 1

Ext a wave: b1

Gen 1 VNA b wave: b2

Q @ @ Source: Ext Gen 1

Dual
Amp / \ - DUT
Directional Coupler

Figure 4-4: Redefined physical port 1 (port 2 not used)
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Redefined Physical Port 1
a wave: bz
b wave: bs

N Source: Port 1

A
@ Redefined Physical Port 2
awave: a4

Vv
b wave: bs

Source: Port 4
Amp / \\ P DUT

coupler

Figure 4-5: Two redefined ports

High Signal Power

When dealing with external signal amplification, make sure that:

® the signals fed to the analyzer are within the allowed range

® during calibration the calibration standards meet the requirements in terms of their
power handling capacity

Attenuator pads can be used to adapt the power levels.

Reference impedances

Changing the reference impedances of the analyzer ports is often referred to as
renormalization of port impedances. Renormalization means that the measurement
results measured at 50 Q (75 Q) are converted into results at arbitrary port impedance.

® Renormalization of the physical port impedances affects, e.g., S-parameters and
wave quantities in "Power" representation.

® Renormalization of the balanced port impedances affects all measured quantities
that the analyzer provides for balanced ports.

The default reference impedance of a physical port is equal to the reference impe-
dance of the connector type assigned to the port (50 Q or 75 Q). It can be defined as a
complex value. For balanced ports, it is possible to define separate complex reference
impedances for differential and for common mode.

The default values for the balanced port reference impedances are derived from the
default reference impedance of the physical analyzer ports (Z, = 50 Q):

® The default value for the differential mode is Zyq = 100 Q = 2*Z,,.

® The default value for the common mode is Z,, = 25 Q = Z,/2

Renormalization can be based on two alternative waveguide circuit theories whose

conversion formulas may yield different results if the reference impedance of at least
one test port has a non-zero imaginary part.
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Conversion formula for wave quantities and S-parameters

Renormalization transforms the "raw" S-matrix S, for the default reference impedances
Zy; (with physical port number index i = 1,2,...,n) into a "renormalized" S-matrix S, for
the modified reference impedances Z,;. In terms of raw and renormalized wave quanti-
ties ay;, bg; and ay;, by, Sg and S, are defined as follows:

Dy, Aoy b, ap,
b a b a
2 | _ ¢ .| Qo2 |. 2 | _ ¢ | %2
=S5, 5 =5
bOn aOn bln aln

The renormalized wave quantities (a4 and b;) and the S-matrix S; can be calculated
from S, and the reference impedances Z;, Z;; according to two alternative waveguide
circuit theories.

1. Traveling waves
In the model of Marks and Williams ("A General Waveguide Circuit Theory"), the
wave quantities a and b are transformed as follows:

(au) 1 |Z0i| Re(Z),) .[Zot‘ +2Z, Z, _ZliJ.(aOij

by) 27, |Z,[\Re(Zy) \Zo, =2, Zy+Z, ) \b,

The renormalized S-matrix S1 is calculated as:

S :P_I(So _7’)(E_VSO)_1P

with the unit matrix E and two additional matrices with the elements

_ Zli _ZOi
Zli +ZOi

Vii

pP = Zy, |Zli| Re(Z,;)
' ZOi+Zli‘ZOi‘ Re(Z,,)

2. Power waves
In the model of Kurokawa ("Power Waves and the Scattering Matrix"), the wave
quantities a and b are transformed as follows:

4| _ 1 Z_Oi+Zli ZOi_Zli Ay,
by,) 2JRe(Z)Re(Z,) \Zy =2, Zy+Z,) \ by

The renormalized S-matrix S1 is calculated as:

s, =47(s,~T )E-Ts,)' 4

with the unit matrix E and two additional matrices with the elements
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r,=Zu=Zo
! Zli +ZOI
4, =1L 1-1,T,
-]

4.3.3 Impedance parameters

An impedance is the complex ratio between a voltage and a current. The analyzer pro-
vides two independent sets of impedance parameters:

® Converted impedances (each impedance parameter is obtained from a single S-
parameter)

® Z-parameters (complete description of an n-port DUT)

4.3.3.1 Converted impedances

The converted impedance parameters Z; (1 <i,j <n) describe the input impedances of
an n-port DUT with fully matched outputs. The analyzer converts a single measured S-
parameter S; to determine the corresponding converted impedance, under the
assumption that each of the other ports is terminated with its respective reference
impedance Z,, (matched-circuit parameters). As a result, converted impedances can-
not completely describe general n-port DUTs.

The extension of the impedances to more ports and mixed mode measurements is
analogous to S-parameters. Zyy.4 is the differential mode input impedance at port 4 of a

DUT that is terminated at its other ports with the reference impedance Z,.

The Converted admittances are defined as the inverse of the converted impedances.

Reflection impedance

The converted impedance Z; (1 £ i <n) describes the input impedance at port i of the
DUT.

1

Zoi
< Uo U1 Zii
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Example:

For a 2-port DUT that is terminated at its output with the reference impedance Z,, Z4,
is the input impedance (matched-circuit impedance measured in a forward reflection
measurement).

A converted impedance Z,; completely describes a one-port DUT.

The calculation formula of the converted reflection impedances Z; depends on the
waveguide circuit theory according to which Reference impedances are calculated.

Table 4-5: Calculation of Converted Reflection Impedances

Traveling Waves Power Waves
Zii — ZOZ' + 7. ZOZ + S’L’LZO’L
1—5; " 1 =5

Series transmission impedance

A two-port transmission parameter Z; (i # j) can describe a pure serial impedance
between the two ports.

I1 I
——O—P— ——O0—
Zoj Zj
C Uo U1 U2 Zoi

The calculation formula of a converted serial transmission impedance Z; depends on
the waveguide circuit theory according to which Reference impedances are calculated.

Table 4-6: Calculation of Converted Series Transmission Impedances

Traveling Waves Power Waves

Re(Zy;)Re(Zy;
7 — 9¢3%(Zoi) ‘RG(ZOZ') —(Zoi + Zoj) Z = QSgn(Re(Zoi))W — (Zoi + Zoj)

Re(Zoj)

|20

Parallel transmission impedance

A two-port transmission parameter Z; (i # j) can also describe a parallel impedance
between the two ports.
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o—p T <40

( Uo U1 Zi U2 Zoi

\/ \/

The calculation formula of a converted parallel transmission impedance Z; depends on
the waveguide circuit theory according to which Reference impedances are calculated.

Table 4-7: Calculation of Converted Parallel Transmission Impedances

Traveling Waves Power Waves
_ 20i20jSi; 7= ZojSij
2 ( Zoi | 20|, | Beldoi) | _ g, ZoitZoj BelZoi) | (1 + e=2¢(200)) — S (1 n Zw)
07 |\ Zo; Re(Zo;) 1 2 Re(Zoi) Zoi

4.3.3.2 Z-parameters

The Z-parameters describe the impedances of a DUT with open output ports (impe-
dance = 0). The analyzer provides the full set of Z-parameters including the transfer
impedances (i.e. the complete nxn Z-matrix for an n port DUT).

This means that Z-parameters can be used as an alternative to S-parameters (or Y-
parameters) to characterize a linear n-port network completely.
2-port Z-parameters

In analogy to S-parameters, Z-parameters are expressed as Z;, where i denotes the
measured and j the stimulated port.

The Z-parameters for a two-port are based on a circuit model that can be expressed
with two linear equations:

s | Zi DUT Zy | o ..

1|IIIJ*‘1 212 221 |1

h

Vi=2,1,+2,1,
Vy=2Z,1,+Zyl,

Meaning of Z-parameters
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The four 2-port Z-parameters can be interpreted as follows:

® 7, is the input impedance, defined as the ratio of the voltage V, to the current I,
measured at port 1 (forward measurement with open output, I, = 0).

e 7,,is the forward transfer impedance, defined as the ratio of the voltage V, to the
current |, (forward measurement with open output, I, = 0).

® 7., is the reverse transfer impedance, defined as the ratio of the voltage V, to the
current |, (reverse measurement with open input, I; = 0).

® 7,,is the output impedance, defined as the ratio of the voltage V, to the current I,,
measured at port 2 (reverse measurement with open input, I; = 0).

Z-parameters can be easily extended to describe circuits with more than two ports or
several modes of propagation.

4.3.4 Admittance parameters

An admittance is the complex ratio between a current and a voltage. The analyzer pro-
vides two independent sets of admittance parameters:

® Converted admittances (each admittance parameter is obtained from a single S-
parameter)

® Y-parameters (complete description of the n-port DUT)

4.3.4.1 Converted admittances

The converted admittance parameters describe the input admittances of a DUT with
fully matched outputs. The converted admittances are the inverse of the Converted
impedances.

4.3.4.2 Y-parameters

The Y-parameters describe the admittances of a DUT with output ports terminated in a
short circuit (voltage = 0). The analyzer provides the full set of Y-parameters including
the transfer admittances (i.e. the complete n x n Y-matrix for an n port DUT).

This means that Y-parameters can be used as an alternative to S-parameters (or Z-
parameters) to characterize a linear n-port network completely.
2-port Y-parameters

In analogy to S-parameters, Y-parameters are expressed as Y yy< in>, Where <out>
and <in> denote the output and input port numbers of the DUT. In analogy to Z-param-
eters, the Y-parameters for a two-port are based on a circuit model that can be
expressed with two linear equations:

L =YV +Y,V,
]2 = Y21K +Y22V2

Meaning of Y-parameters
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The four 2-port Y-parameters can be interpreted as follows:

® Y, is the input admittance, defined as the ratio of the current I, to the voltage V;,
measured at port 1 (forward measurement with output terminated in a short circuit,
V, = 0).

® Y, is the forward transfer admittance, defined as the ratio of the current I, to the
voltage V, (forward measurement with output terminated in a short circuit, V, = 0).

® Y,,is the reverse transfer admittance, defined as the ratio of the current I, to the
voltage V, (reverse measurement with input terminated in a short circuit, V4 = 0).

® Y, is the output admittance, defined as the ratio of the current |, to the voltage V,,
measured at port 2 (reverse measurement with input terminated in a short circuit,
V1 = 0)

Y-parameters can be easily extended to describe circuits with more than two ports or
several modes of propagation.

4.3.5 Wave quantities and ratios

The elements of the S-, Z- and Y-matrices represent fixed ratios of complex wave
amplitudes. As long as the assumption of linearity holds, the S-, Z- and Y-parameters
are independent of the source power.

The network analyzer provides two additional sets of measurement parameters which
have an unambiguous meaning even if the DUT is measured outside its linear range:
® Wave quantities provide the power of any of the transmitted or received waves.

® Ratios provide the complex ratio of any combination of transmitted or received
wave quantities.

In contrast to S-, Z- and Y-parameters, wave quantities and ratios are not system-error
corrected.

To increase the accuracy or to correct a possible attenuation in the source signal path,
it is recommended to perform a power calibration (see Chapter 4.5.6, "Scalar power
calibration", on page 219).

4.3.5.1 Wave quantities
A wave quantity measurement provides the power of any of the transmitted or received

waves. The power can be displayed in voltage units (e.g. V or dBmV) or equivalent
power units (e.g. W or dBm).
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O Examples for using wave quantities

The wave quantities provide the power at the different receive ports of the analyzer.
This is different from an S-parameter measurement, where the absolute power of a lin-
ear device is canceled. Wave quantities are therefore suitable for the following mea-
surement tasks:

® Analysis of nonlinearities of the DUT.

® Use of the analyzer as a selective power meter.
To increase the accuracy or to correct a possible attenuation in the source signal
path, it is recommended to perform a power calibration (see Chapter 4.5.6, "Scalar
power calibration", on page 219).

The notation for wave quantities is as follows:

® "g, Src Port j" denotes the wave incoming at DUT port i, when DUT port j is stimula-
ted.
a; is detected at the reference receiver of the VNA port connected to DUT port i.

® "p, Src Port j" denotes the wave outgoing at DUT port i, when DUT port j is stimula-
ted.
b; is detected at the measurement receiver of the VNA port connected to DUT port
i.

In a standard forward S-parameter measurement, a; Src Port 1 is the incident wave

and b, Src Port 1 is the reflected wave at DUT port 1.

4.3.5.2 Ratios

A ratio measurement provides the complex ratio of any combination of transmitted or
received wave amplitudes. Ratios complement the S-parameter measurements, where
only ratios of the form by/a; (ratios between outgoing and incoming waves at the DUT
ports) are considered.

O Examples for using ratios
S A measurement of ratios is particularly suitable for the following test scenarios:

® The test setup or some of its components (e.g. active components or non-recipro-
cal devices) do not allow a system error correction so that a complete S-parameter
measurement is not possible.

® The test setup contains frequency-converting components so that the transmitted
and the received waves are at different frequencies.

® Aratio of two arbitrary waves that is not an element of the S-matrix (e.g. a ratio of
the form ay/a)) is needed.

The notation for ratios is similar to the notation for wave quantities (see Chap-
ter 4.3.5.1, "Wave quantities", on page 158). Given a source port k, any ratio between
wave quantities "a; Src Port k" and "b; Src Port k" can be measured.
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® "b,/a, Src Port 1" is the ratio of the outgoing wave at DUT port 2 and the incident

wave at DUT port 1 (i.e. DUT port 1 ist stimulated). This corresponds to the forward
transmission coefficient S,;.

® "b,/a; Src Port 1" is the ratio of the outgoing wave at DUT port 1 and the incident

wave at DUT port 1 (i.e. DUT port 1 ist stimulated). This corresponds to the forward
reflection coefficient Sy;.

4.3.5.3 Detector settings

The "Detector" settings select the algorithm that is used to calculate the displayed
measurement points from the raw data. The "Detector" can be selected in the More
Params, "More Wave Quantities", and More Ratios dialogs.

4'2& More Wave Quantities
Define

Wave Receiving Port Source Port

b1(P1)

External Source

|:| Use Generator
as Source

Properties

(0 O -
MNormal AVG Power [dBm)]

TRMS  Peak "~ Voltage [V]

Detector Meas Time

Figure 4-6: More Wave Quantities dialog

The following detectors are available:

® "Normal" selects the default detector mode where each valid measurement point
is displayed without modification. The analyzer then proceeds to the next sweep
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point. Normal detector mode ensures that the measurement is performed at maxi-
mum speed and that a meaningful complex result is obtained.

® "AVG" collects all valid results at each sweep point during the "Detector Meas
Time" set in the More Params, "More Wave Quantities", and More Ratios dialog
and calculates the complex arithmetic mean value of these results. Averaging
tends to remove statistical fluctuations (e.g. noise contributions) from the measured
signal.
The AVG detector is also used for Noise figure measurement.

® RMS collects all valid results at each sweep point during the "Detector Meas Time"
set in the "More Wave Quantities" or More Ratios dialog and calculates the root
mean square (RMS) of the linear magnitude of these results. Note that the phase is
not evaluated in this process so that complex conversions (e. g. the calculation of
real and imaginary values) do not really make sense.

® Peak collects all valid results at each sweep point during the "Detector Meas Time"
set in the "More Wave Quantities" or More Ratios dialog and selects the result with
the maximum magnitude (maximum power) as the measurement point. Note that
the phase is not evaluated in this process so that complex conversions (e. g. the
calculation of real and imaginary values) do not really make sense.

Combining different detectors

The detector setting in the More Ratios menu applies to both the numerator and the
denominator wave quantity. To allow for different detector settings, measure the numer-
ator and denominator wave quantities individually and use trace functions to calculate
the ratio. A possible application is the comparison of different detector settings for a
particular trace.

Error Messages

The analyzer generates a warning if the selected measurement time for the "AVG..."
detectors is too long. At the same time, bit no. 15inthe ... INTegrity:HARDware
status register is set. Reduce the measurement time and/or reduce the IF bandwidth
until the warning disappears. A warning also appears if the measurement time for the
"AVG..." detectors is too short. Increase the measurement time and/or increase the IF
bandwidth until the warning disappears.

Unbalance-balance conversion

Unbalance-balance conversion is the simulation of one or more unbalance-balance
transformers (baluns) integrated in the measurement circuit. It converts the DUT ports
from an unbalanced state into a balanced state and virtually separates the differential
and common mode signals. The analyzer measures the unbalanced state but converts
the results and calculates mixed mode parameters, e.g. mixed mode S-parameters. No
physical transformer is needed.

To perform balanced measurements, a pair of physical analyzer ports is combined to
form a logical port. The balanced port of the DUT is directly connected to the analyzer
ports. For a two-port analyzer, a single balanced port can be defined.
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VNA VNA

Internal balance-

1 2 1 unbalance
conversion
Physical VNA ports Logical
—_— VNA ports

Common Differential
mode mode —4O_|

DUT % DUT

Balanced port
Physical
transformer
(balun)

77

Unbalance-balance conversion avoids the disadvantages of real transformers:

® There is no need to fabricate test fixtures with integrated baluns for each type of
DUT.

® The measurement is not impaired by the non-ideal characteristics of the balun (e.g.
error tolerances, limited frequency range).

® (Calibration can be performed at the DUT's ports. If necessary (e.g. to compensate
for the effect of a test fixture), it is possible to shift the calibration plane using length
offset parameters.

e Differential and common mode parameters can be evaluated with a single test
setup.

4.3.6.1 Balanced port configurations

Defining a balanced logical port requires two physical ports.

The physical ports (on the VNA and connected External switch matrices) are equiva-
lent and can be freely combined to balanced (logical) ports. Moreover, it is possible to
assign arbitrary, independent reference impedance values to each unbalanced port
and to the differential and common mode of each logical port.
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2 physical ports: Reflection measurements on 1 balanced port

Bal.
port

DUT

(7
Log.
VNA
port
Q

Balanced port:

Differential mode
Zref = Zod

Common mode
Zref = Zoc

3 physical ports: Reflection and transmission measurements on 1 balanced port

Balanced port:

Differential mode
Zref = Zod

Common mode
Zref = Zoc

Balanced port:

Differential mode

Zret = Zod

Common mode
Zref = Zoc

Balanced port:

Differential mode

Zref = Zod

Common mode

Single-ended
(unbalanced) port
q
Single Log.
Zref = Zconnector O— endged Bal. VNgA
port port
port A
DUT
4 physical ports: Reflection and transmission measurements on 1 or 2 balanced ports
Single-ended
(unbalanced) ports
Zref1 = Zconnector1 [(@ M— e,
Single Bal Log.
ended pori VN:
Zref2 = Zconnector2 Q | ports A po
DUT
Balanced port:
Differential mode Loa\ - L
Zref = Zod V:I?G: Bal. Bal. V:J?A
Common mode |\ port port port port
Zref = Zoc > | DUT Q

Zret = Zoc

A balanced port configuration is defined in two steps: First, select the pairs of physical
ports that you want to combine to form balanced ports. Second, define the two refer-
ence impedances for the differential and common mode at each balanced port. Both
steps can be done in a single "Balanced Ports" dialog.

Depending on the test setup, the analyzer provides different types of mixed mode

parameters; refer to the following sections fo

Mixed-mode parameters

r details.

Mixed mode parameters are an extension of normal mode parameters (e.g. S-parame-
ters, impedances and admittances) for balanced measurements. The analyzer can
measure mixed mode parameters once a balanced port configuration is selected.

Mixed mode parameters are used to distinguish the following three port modes:

® s: Single-ended (for unbalanced ports)
e d: Differential mode (for balanced ports)
® c: Common mode (for balanced ports)
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The notation of a general S-parameter is S.,outs<mins<out=<in>» Where <mout> and <min>

denote the output and input port modes, <out> and <in> denote the output and input
port numbers.

Meaning of 2-port mixed mode S-parameters

The mixed mode 2-port S-parameters can be interpreted as follows:

. =
) dq o0—— S 0 b,
Forward S ‘:> qbzrev Reverse
measurement b1 11 .(: 22 measurement
o— | p———o0 e
</ Sll a2
ID1,rew

Port 1 DUT Port 2

® S_out-<min>11 IS the mixed mode input reflection coefficient, defined as the ratio of
the wave quantities b; (mode mout) to a; (mode min), measured at PORT 1 (for-
ward measurement with matched output and a, = 0).

® S out=<min>21 1S the mixed mode forward transmission coefficient, defined as the
ratio of the wave quantities b, (mode mout) to a; (mode min) (forward measure-
ment with matched output and a, = 0).

®  S_out-<min>12 IS the mixed mode reverse transmission coefficient, defined as the
ratio of the wave quantities b; (mode mout) (reverse measurement with matched
input, by" in the figure above and a; = 0) to a, (mode min).

®  S_out-<min>22 iS the mixed mode output reflection coefficient, defined as the ratio of
the wave quantities b, (mode mout) (reverse measurement with matched input, b’
in the figure above and a; = 0) to a, (mode min), measured at PORT 2.

If <mout> is different from <min>, the S-parameters are called mode conversion fac-

tors.

Mixed-mode parameters for different test setups

Which types of mixed mode parameter are available depends on the measured device
and the port configuration of the analyzer. With 4 physical test ports (on the VNA and
connected External switch matrices), the following examples of mixed mode parame-
ters can be measured.

1. DUT with only single-ended ports: No balanced port definition necessary, the ana-
lyzer provides single-ended multiport parameters.

2. DUT with one balanced port: Only reflection and mode conversion measurements
with differential and common mode parameters.
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Diff. Comm.
modea mode
stimulus  stimulus

N
Differential mode response —e [deﬁ Sdci::|

Common mode response — g Scdii Sm1

3. DUT with one balanced and one single-ended port.

Single Diff. Comm,.
ended mode mode
stimulus stimulus  stimulus

2R TR

Single- ended response  —p S“H Smu 5“12

Differential mode response —p Sm21 de” Sd;.”
Common mode response — Scaii Sndﬁ Scm

4. DUT with two balanced ports or one balanced and two single-ended ports. Both
device types are fully characterized by 4x4 mixed mode S-matrices.

4.3.6.3 Imbalance and common mode rejection

An ideal unbalance-balance transformer (balun) converts an unbalanced signal into a
balanced one and vice versa. When it is driven with an unbalanced signal at its physi-
cal port 1 (= single-ended logical port 1), unbalanced signals with equal amplitude and
opposite phase appear at physical ports 2 and 4 (forming balanced logical port 2). This
means that the ratio —S,4/S,4 of the physical transmission coefficients of an ideal balun
equals 1. This ratio is called imbalance; it is a measure for the deviation of the balun
from ideality. The general definition of the transmission imbalance between two differ-
ent ports (at least one of them balanced) is given below.

For a DUT with two balanced ports (e.g. an amplifier), the ratio between the (wanted)
differential mode power gain and the (unwanted) common mode power gain is called
common-mode rejection ratio (CMRR). It can be calculated as [Syq21|/|Sce21| (S€€
Chapter 4.3.6.2, "Mixed-mode parameters"”, on page 163). The general definition of the
complex CMRR between two ports (at least one of them balanced) is given below.

Imbalance and common-mode rejection ratio can only be measured if more than 2 test
ports are available on the VNA and connected switch matrices.

General Definition

In general, imbalance and CMRR are quantities with two numeric indices, indicating
the logical output port and the logical input port of the DUT during the measurement
(Imb<out><in>a CMRR<out><in>)-

e DUT with single-ended logical port i and balanced logical port j:
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Logical port i Logical port j
(single-ended) DUT (balanced)
Single- Physical port ¢
Physical port a O——  ended Bal:;rct:ed
port Physical port d
— Imbj = =Sc/Sy¢s and Imby; = —S,/Sqq
® DUT with balanced logical ports i and j:
Logical port i Logical port j
(balanced) DUT (balanced)
Physical port a Log. VD ‘ Physical port ¢
9. Balanced Balanced
NWA
) ort port port )
Physical port b port A Physical port d
= Imbj = ~(Sca— Scp)/(Sga— Sqp), for i*j
- CMRRji:deji/SCCji
Differential Imbalance
A (differential) imbalance can also be calculated if the second balanced DUT port is
connected to two single-ended logical ports:
Logical port i Logical ports j,k
(balanced) DUT (single-ended)
Physical port a Log. V ‘ ——00 Physical port ¢
NV\?A. Balanced Balanced
) ort port port )
Physical portb \P°™ b ‘ ———>=0O Physical port d
IMbji = —(Sga— Sqa)/(Sco— Sap)
IMbyj = —~(Sac— Sag)/(Spe— Spa)
4.3.7 Stability factors
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The stability factors K, u1 and p2 are real functions of the (complex) S-parameters,
defined as follows:

1_|S11 |2 _|S22 |2 +|S11'S22_512'S21 |2

K =
2'|Slz'S21|
1, = 1_|Sn |2
1 -
|S22_S11'(Sll'Szz_Slz'S21)|+|S12'S21|
1-1S,, [
" S|

|S11 _Szz '(Sll 'Szz _Slz 'S21)|+|Slz 'Szl |

where = denotes the complex conjugate of S.
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Stability factors are calculated as functions of the frequency or another stimulus
parameter. They provide criteria for linear stability of two-ports such as amplifiers. A lin-
ear circuit is said to be unconditionally stable if no combination of passive source or
load can cause the circuit to oscillate.

® The K-factor provides a necessary condition for unconditional stability: A circuit is
unconditionally stable if K>1 and an additional condition is met. The additional con-
dition can be tested with the stability factors p; and ps.

® The y; and p, factors both provide a necessary and sufficient condition for uncondi-
tional stability: The conditions p{>1 or y,>1 are both equivalent to unconditional
stability. This means that p, and y, provide direct insight into the degree of stability
or potential instability of linear circuits.

References: Marion Lee Edwards and Jeffrey H. Sinsky, "A New Criterion for Linear 2-
Port Stability Using a Single Geometrically Derived Parameter", IEEE Trans. MTT, vol.
40, No. 12, pp. 2303-2311, Dec. 1992.

Group delay

The group delay 14 represents the propagation time of wave through a device. 14 is a
real quantity and is calculated as the negative of the derivative of its phase response.
A non-dispersive DUT shows a linear phase response, which produces a constant
delay (a constant ratio of phase difference to frequency difference).

The group delay is defined as:

T =— d¢rad - _ d¢d€g

£ deo  360°df

where

D4, Pyeg= phase response in radians or degrees
w = angular velocity in radians/s

f = frequency in Hz

In practice, the analyzer calculates an approximation to the derivative of the phase
response, taking a small frequency interval Af and determining the corresponding
phase change A®. The group delay is computed as

r o Bl
eme 3600 A f

where A®/Af is the slope of the regression line through the frequency points of aper-
ture Af.

Af must be adjusted to the conditions of the measurement, e.g. it must be reduced if
phase slope fluctuates significantly over frequency. Otherwise group delay variations
are flattened out.

Note that the input value "Aperture Points" does not define the number of frequency
points, but the number of frequency steps between the points. l.e. "Aperture Points" is
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always the number of frequency points involved minus 1. If "Aperture Points" is an odd
number, the part of the aperture towards lower frequencies contains one more fre-
quency step than the part towards larger frequencies.

If the group delay is constant over the considered frequency range (non-dispersive
DUT, e.g. a cable), then 14 and 14 55 are identical and:

[ d(360°f A1) Ly e
360°d f ¢

where At is the propagation time of the wave across the DUT, which often can be
expressed in terms of its mechanical length L., the permittivity €, and the velocity of
light c. The product L, - SQrt(e) is termed the electrical length of the DUT and is
always larger or equal than the mechanical length (¢ > 1 for all dielectrics and € = 1 for
the vacuum).

Operations on traces

The R&S ZNA can perform more complex operations on the measured traces. Some of
the operations, e.g. the time domain transform, require additional software options; see
Chapter 4.7, "Optional extensions and accessories", on page 246.

The R&S ZNA can also check whether the measured values comply with specified lim-
its and export trace data, using different file formats.

Limit check

A limit line restricts the allowed range for some or all points of a trace, i.e. for a certain
range of stimulus values. Typically, limit lines are used to check whether a DUT con-
forms to the rated specifications (conformance testing).

® An upper limit line defines the maximum allowed values for the related stimulus
range.

® A |ower limit line defines the minimum allowed values for the related stimulus
range.

® Aripple limit defines the maximum difference between the largest and the smallest
response value for the related stimulus range. A ripple limit test is suitable, e.g., to
check whether the passband ripple of a filter is within acceptable limits, irrespective
of the actual transmitted power in the passband.

® Acircle limit defines the acceptable values as a circular area within a complex dia-
gram.

A limit check compares the measurement results to the limit lines, and displays a pass/
fail indication.

An acoustic warning and a TTL signal at the rear panel User Port (for test automation)
can be generated in addition, if a limit is violated.
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Upper and lower limit lines are both defined as a combination of segments with a linear
or logarithmic dependence between the measured quantity and the sweep variable
(stimulus variable). Similar to this segmentation, ripple limits can be defined in several
ranges. The limit lines (except circle limits) can be stored to a file and recalled. Data or
memory traces can be used to define the segments of an upper or lower limit line.
Moreover it is possible to modify the upper and lower limit lines globally by adding an
offset to the stimulus or response values.

Rules for limit line definition

The analyzer places few restrictions on the definition of limit line segments.

The following rules ensure a maximum of flexibility:

® Segments do not have to be sorted in ascending or descending order (e.g. the
"Start Stimulus" value of segment no. n does not have to be smaller than the "Start
Stimulus" value of segment no. n+1).

® Overlapping segments are allowed. The limit check in the overlapping area is rela-
ted to the tighter limit (the pass test involves a logical AND operation).

® Gaps between segments are allowed and equivalent to switching off an intermedi-
ate limit line segment.

® Limit lines can be partially or entirely outside the sweep range, however, the limits
are only checked at the measurement points.

The following figure shows a limit line consisting of 3 upper and 2 lower limit line seg-
ments. To pass the limit check, the trace must be confined to the shaded area.

As a consequence of the limit line rules, a DUT always passes the limit check if no limit
lines are defined.

Formula-defined limit lines
A limit line doesn't have to be straight. You can also use a custom formula to define it.

When the sweep axis is changed from linear frequency sweep to logarithmic sweeps,
straight limit lines are transformed into exponential curves. The sweep points are redis-
tributed along the x-axis, so the number of failed points can change.
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Trc dB Mag 3 dB/Ref0 dB

Chl S5tart 1MHz Pwr -10dBm Bw T10kHz

Trc dB Mag 3 dB/Ref0 dB

Chl S5tart 1MHz Pwr -10dBm Bw T10kHz

@ Logarithmic interpolation
The analyzer offers a logarithmic interpolation mode that allows you to carry over the
limit line definition to logarithmic sweeps.

While "Show Limit Line" is active, the diagrams display all limit line segments.

Exception: In a segmented frequency sweep with point-based x-axis, gaps between
the segments are minimized. To facilitate the interpretation, the R&S ZNA displays only
the limit line segments which provide the limit check criterion (the "tighter" limit line at
each point). In the example below, this rule results in a single, continuous lower limit
line.
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Trc dBMag 3 dB/Ref7 dB

Chl Start 1GHz Pwr -10dBm Bw 10kHz Stop 3 GHz

Trcl dBMag 3 dB/Ref7 dB

Chl| Seq PointBased Pwr -10dBm Bw 10kHz Stop 18

4.4.1.2 Rules for ripple test definition

The analyzer places few restrictions on the definition of ripple limit ranges.

The following rules ensure a maximum of flexibility:

® Ranges do not have to be sorted in ascending or descending order (e.g. the "Start
Stimulus" value of range no. n does not have to be smaller than the "Start Stimu-
lus" value of range no. n+1).

® Overlapping ranges are allowed. The limit check in the overlapping area is related
to the tighter limit (the pass test involves a logical AND operation).

® (Gaps between ranges are allowed and equivalent to switching off an intermediate
ripple limit range.

® Ripple limit ranges can be partially or entirely outside the sweep range, however,
the limits are only checked at the measurement points.

The following figure shows a ripple limit test involving 3 active ranges.
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Trc dB Mag 2 dB/Ref-10 dB

Chl| Start 4 GHz Pwr -10dBm Bw 10kHz Stop 6 GHz

The limit line rules for logarithmic sweeps and segmented frequency sweeps with
point-based x-axis also apply to ripple limit lines (see Chapter 4.4.1.1, "Rules for limit
line definition", on page 169).

4.41.3 Circle limits

A circle limit is a special type of upper limit line which is defined by its center coordi-
nate in the diagram and its radius. Depending on the diagram type, circle limit can
serve different purposes:

® ith a circle limit line centered on the origin of a polar diagram, you can check
whether the magnitude of the measurement results exceeds a limit, defined by the
radius of the limit line.
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Trc1 BE¥AR Polar 200 mU/ Ref 1U

PASS | TrcT

Chl Start 1GHz Pwr -10dBm Bw 10 kHz Stop 6 GHz

® With a circle limit line adjusted to the right border of a Smith diagram (Z = infinity),
you can check whether the imaginary part of the impedance (Im(Z), reactance) falls
below a limit.
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Trc1 EP4N Smith 200 mU/ Ref 1U

PASS | Trc1

Chl Start 1GHz Pwr -10dBm Bw 10 kHz Stop 6 GHz

® With a circle limit line centered on the left border of an inverted Smith diagram (Y =
infinity), you can check whether the imaginary part of the admittance (Im(Y), sus-
ceptance) falls below a limit.
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Trcl Inv. Smith 200 mU/ Ref 1U

PASS  Trc1

Chl Start 1GHz Pwr -10dBm Bw 10kHz Stop 6 GHz

4.41.4 File format for limit lines

The analyzer uses a simple ASCII format to export limit line data. By default, the limit
line file has the extension *.1imit and is stored in the directory shown in the "Save
Limit Line" and "Recall Limit Line" dialogs. The file starts with a preamble containing
the channel and trace name and the header of the segment list. The following lines
contain the entries of all editable columns of the list.

Example of a limit line file

The limit line:

Start Stimulus Stop Stimulus Start Response Stop Response

9 kHz 8.5 GHz 0dB 0dB

9 kHz B GHz -20 dB -10dB

6 GHz 8.5 GHz -10dB -10dB

is described by the limit line file:
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# version 1.00

#

# channel 1

# Trace 1

en:Type, Start stimulus[MHz], Stop Stimulus[MHz],Start Response[de], stop Response[dB],

Upper, 8. 9595505555055 45E-003, 8. 100000000000000E+003, 0, 000000000000000E+000, 0. 000000000000000E+000,
Lower, 8. 9595905555055 %0E-003, §. 000000000000000E+003, -2, 000000000000000E+001, -1, 000000000000000E+001,
of f, 6. 000000000000000E4+003, 8, 500000000000000E+003, 1. 000000000000000E+001, -1, 000000000000000E+00L,

O Compatibility with other instruments

The VNAs of the R&S ZNx and R&S ZVx families use the same file format. Limit line
files can be interchanged without restriction.

4.41.5 File format for ripple limits

The analyzer uses a simple ASCII format to export ripple limits. By default, the ripple
limit file has the extension *. ripple and is stored in the directory shown in the "Save
Ripple Limits" and "Recall Ripple Limits" dialogs. The file starts with a preamble con-
taining the channel and trace name and the header of the range list. The following lines
contain the entries of all editable columns of the list.

Example of a ripple limit file

The ripple limit list:

Range On/Off Start Stimulus Stop Stimulus Ripple Limit

3GHz 5 GHz 12 dB

4.5 GHz 3.5 GHz >dB

5.5 GHz B GHz 43826 dB

is described by the ripple limit file:

B version 1.00
[
# Channel 1

# Trace 1

bo:Range on/OFF, start Stimulus [MHZ], Stop Stimulus [MHz],Ripple Limit [dE],
true, 3. 000000000000000E+003, 5. 000000000000000E+003, 1. 200000000000000E+001,
true, 4. 500000000000000E4+003, 5, 500000000000000E4+003, 5. 000000000000000E+000,
False, 5. 500000000000000E+003, 6. 000000000000000E+003,4. 352581058243317E+000,

O Compatibility with other instruments

The VNAs of the R&S ZNx and R&S ZVx families use the same file format. Ripple limit
files can be interchanged without restriction.

4.4.2 Trace files
The R&S ZNA can store one or several data or memory traces to a file or load a mem-
ory trace from a file.

Trace files are ASCII files with selectable file format. The analyzer provides several
types of trace files:

® Touchstone (*.s<n>p) files
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® ASCII ("™ .csv") files
® Matlab ("*.dat") files are ASCII files which can be imported and processed in Mat-
lab.

The trace file formats complement each other; see Chapter 4.4.2.3, "Finding the best
file format", on page 185.

® \When exporting traces to a file, it is recommended to set the analyzer to single
sweep mode (Channel — [Sweep] > "Sweep Control" > "All Channels on Hold").
This mode ensures that a complete sweep is exported.

® The number of decimal places of stimulus and data values in export files is configu-
rable.

4.4.21 Touchstone files

The Touchstone file format is a standard for the transfer of frequency-dependent net-
work data. Based on information from Agilent Corporation (the originator of Touch-
stone), formal specifications were produced by the EIA/IBIS Open Forum.

® Touchstone File Format Specification Rev 1.1
® Touchstone File Format Specification Version 2.0

The R&S ZNA supports Touchstone file versions 1.1 and 2.0.

By convention, Touchstone files use file extensions . snp, where n is the number of
network ports. The following displays an s1p export file in "Version 1.1 (ZNx)" format:

Bl # HZ s RI R 50.00
! Rohde & Schwarz Vector Network Analyzer

B ! Rohde-Schwarz, ZNA26-4Port,1332450024100005,2.20

El ! created: UTC 12/24/2020, 5:20:26 PM

B ! My Comment

H ! freq[Hz] re:S511 im:S11

a 1.000000000000000E7 5.067533850669861E-1 -4.535870999097824E-2
1.424500000000000E8 4.869025051593781E-1 -1.263110041618347E-1

1 = Option line

2 = VNA identification comment

3 = Timestamp comment

4 = User-defined comment

5 = Network data table header comment
6 = network data table

General syntax rules

Among others, the following general syntax rules apply:

® Touchstone files are ASCII files, 8-bit encoded using ISO/IEC 8859-1:1998. Only
the graphical characters 0x20 to Ox7E, the tab character 0x09, and the three line
termination sequences LF (Ox0A), CR+LF (0xOD + 0x0A), and CR (0x0Dh) are
allowed.

® Touchstone files are case-insensitive.
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® Blank lines are permitted.

Option line
Each Touchstone file must contain an option line with the following structure:

# <frequency unit> <parameter> <data format> R <reference
resistance>

® i indicates the beginning of the option line

® <frequency unit> can be either Hz, kHz, MHz or GHz. Default is GHz.
The R&S ZNA always uses HZ for exported data.

® <parameter> specifies what kind of network parameter data is contained in the
file. Default is s for S-parameters, which is the only parameter type the R&S ZNA
supports.

® <data format> specifies how the complex network parameter data are format-
ted. Possible values are RT for "Real-Imag", M2 for "Lin Mag-Phase", and DB for
"dB Mag-Phase". Default is MA.
According to the Touchstone file standards, dB Mag = 20 x log,oMag, and the
phase is always represented in degrees.
During data export, the analyzer allows you to select the suitable <data
format>.

® <reference resistance> specifies the impedance system underlying the net-
work data, given as a real, positive resistance. Its value is given in Q (default 50).
During export, if the impedances of all involved ports are identical, the analyzer
sets the <reference resistance> to the real part of this impedance. Other-
wise it sets it to 50.

With the exception of the opening # symbol and the value following R, option line
parameters can appear in any order. If a parameter is missing, the default value is
assumed.

Comments

Comments can be used for any kind of documentation purpose, e.g. to describe the
network parameter data and how they were generated.

Syntactically, comments are preceded by an exclamation mark and terminated by a
line termination sequence (see "General syntax rules" on page 177). They can appear
anywhere in the file, either on a separate line, or after the parsed content of a line. Any
number of comment lines can be inserted.

The content of the comments is not standardized in any way. The following sections
describe the comments the R&S ZNA inserts into a Touchstone file during export.

O During import, the R&S ZNA ignores all comments.

VNA identification

These comment lines identify the VNA that was used to generate the file.
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! Rohde & Schwarz Vector Network Analyzer

! Rohde-Schwarz, ZNA26-4Port,1332450024100005,2.20

The first line is fixed, the second reflects the configurable identification string of the
instrument.

Timestamp

The timestamp comment line reflects the time at which the Touchstone file was cre-
ated. For "Version 1.1 (ZNx)" export format, it is represented as Coordinated Universal
Time (UTC):

! Created: UTC 12/24/2020, 5:20:26 PM

The other export formats "Version 1.1" and "Version 2.0" use local time (Greenwich
Mean Time + offset):

! Created: GMT+1 2020-12-24 18:20:26

Renormalization information

If, during export, the S-parameter data were renormalized with port-specific impedan-
ces, these impedances are written to the output file as a comment. In case the port-
specific impedances are different, a note points out that the impedance system under-
lying the data is not interpreted correctly during import:

! The following Port Impedance Renormalization has been used when saving the data.

! PortZ Portl:100+3j0 Port2:50+30

!

! Note: The Port Impedances differ from the reference impedance of this file.

! While reading the file the reference impedance value of the option line above

! is always used.

For more information, see "Renormalization of S-parameters" on page 184.

O For the "Version 2.0" export format, the port impedances are currently not written to the
= renormalization information comment. Instead, the real parts of the port impedances
appear as arguments of the [Reference]keyword.

Network data table header

These comment lines indicate the content of the Network parameter data table right
below it.

As the first column of the data table is always designated to the frequency points, the
first table header comment always starts with | freq[Hz].

® "Version 1.1 (ZNx)" export format
For this format, the header explicitly specifies the exported parameters and their
data format. The port numbers of single-ended S-parameters in the header are the
"real" (physical) port numbers:
! freq[Hz] re:S22 im:S22 re:S12 im:S12 re:S21 im:S21 re:
S11 im:S11
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Up to port reordering, which is possible via "snp free config" export and via logical
port assignment, the order in which the parameter data occur is the one described
in the Touchstone 1.1 standard. See "Network parameter data" on page 182.

If balanced (and mixed mode) parameters are exported, the assigned logical port
numbers are used:

! freq[Hz] re:Sddll im:Sdd22 re:Scd22 im:Scd22 re:Sdc22 im:
Sdc22 re:Scc22 im:Scc22

® "Version 1.1" and "Version 2.0" export formats
These export formats always use single-ended identifiers Sij and port numbers 1
to nin the table header.
! freq[Hz] S11[Re] S11[Im]
The mapping between nominal (single-ended) and actual — possibly balanced —
ports is given in the port assignments comments.

Port assignments (Version 1.1 and Version 2.0)

For export format "Version 1.1 (ZNx)", the assignments are given in the Network data
table header comment lines. For export formats "Version 1.1" and "Version 2.0", they
are declared in a dedicated comments section:

! Port Assignments:

! Nominal Port -> Actual Test Port

For balanced ports, the port assignment looks like in the following example:

! Port Assignments:

! Nominal Port -> Actual Test Port

The "s1p Active Trace" export, which allows to dump an arbitrary S-parameter trace to
an s1p file, explicitly mentions the exported parameter:

! Trace info:
! Nominal Param -> Actual Exported Buffer

! 811 -> 821

User comment

The analyzer's trace export function allows you to insert a custom comment line into
the export file.

! My Comment

Keywords (version 2.0 only)

Keywords are enclosed in square brackets, "[" and "]", and start at the beginning of a
line. Arguments after keywords (if any) are separated from the closing bracket and
from each other by at least one blank (or tab).
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Keywords are new in Touchstone standard version 2.0. They are not allowed in version
1.1 files.

The purpose of the keywords is to give more details about the file contents in a stand-
ardized way. During "Version 2.0" export, the R&S ZNA writes the following keywords
to the generated Touchstone file:

Keyword

Example

Description

[Version]

[Version] 2.0

Specification version, typically the first line in the file

Currently only 2. 0 is allowed

[Number of Ports]

[Number of Ports] 2

The n in the generated snp file.

Except for the "s1p Active Trace" export, n equals the
number of physical ports involved in the export.

[Two-Port Data Order]

[Two-Port Data Order] 21 12

Specifies the data order in s2p files.
® 21 12indicates dataorder f N11 N21 N12 N22
® 12 21 indicates data order £ N11 N12 N21 N22

(see "Data arrangement” on page 182)

The R&S ZNA generates s2p files with fixed data order
21 12 (according to the TS1.1 standard).

[Number of Frequencies]

[Number of Frequencies] 201

Number of exported frequency sweep points; can also
be derived from the Network parameter data block.

[Reference]

[Reference] 50 75

If the exported S-parameter data were renormalized
with port-specific impedances, the real parts of these
impedances are listed as arguments of the
[Reference] keyword.

Overrides the common reference impedance of the
"Option line" on page 178

Note: currently ignored during import

[Mixed-Mode Order]

[Mixed-Mode Order] D1,2 C1,2

Required if a balanced port is involved.

In the example to the left, nominal port 1 is the differen-
tial mode and nominal port 2 is the common mode of
balanced port (1,2).

Conveys the same information as the Port assignments
(Version 1.1 and Version 2.0) comment

[Network Data]

[Network Data] ! no args

Marks the begin of the Network parameter data block

[End]

[End] ! no args

Marks the end of the network parameter data section
and is typically placed in the last line of the export file

For details and more keywords, see the Touchstone File Format Specification Version
2.0 (http://www.ibis.org/touchstone_ver2.0/touchstone_ver2_0.pdf).

@ During import, the R&S ZNA currently only considers the [Two-Port Data Order].
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Network parameter data

The network parameter data section contains one block of network parameters per fre-
quency point. Each block is preceded by a frequency value, i.e. the first entry in the
first (or only) data line of a data block is a frequency value. The complex network
parameter data is formatted as pairs of values.

The following general rules apply:

® |Individual entries in a network data line are separated by whitespace

® |n version 1.1 files, no more than four parameters are allowed per network data
line. No restriction exists on the number of data pairs on a line in version 2.0 files.

® The network data blocks are arranged in ascending order of frequency

order" principle. During export, the segments are always kept together, which can
result in downward "frequency jumps" at segment borders.

@ For segmented sweeps, the R&S ZNA makes an exception to the strict "ascending

Data arrangement

During export, for each block, the R&S ZNA arranges the frequency value f and net-
work parameter data (Ni7j)q<j<n @s described in the Touchstone 1.1 standard.

® n=1

f N11
® n=2

f N11 N21 N12 N22
® n=3,4

f N11 N12 N13
N21 N22 N13
N31 N32 N33
Similar matrix arrangement for n=4.

® n>4
For n > 4, the "max. four parameters per data line" restriction applies. It is over-
come by wrapping the matrix rows at multiples of four network parameter values.
Forn=9:
f N11 N12 N13 N14
N15 N16 N17 N18
N19
N21 ...
N95 N96 N97 NO98
N99
f N11 N12 N13 N14
N15 N16 N17 N18
N19
N21 ...
N95 N96 N97 N98
N99

The data blocks are arranged in ascending order of frequency.
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O The "snp Free Config" export mode allows you to define:
S ® The set of (physical) ports whose S-parameters shall be exported
® The order in which they are exported

The examples above represent the simple scenario with consecutive ports {1,...,n} and
natural ordering.

Data format

Frequencies are represented as single positive numbers, network parameter data as
pairs of numbers. The <frequency unit>and <data format> are specified in the
Option line. Numbers can be represented as decimal integers or floating point num-
bers, with "." used as decimal separator. Scientific notation is allowed (e.g.,
1.2345e-12). No minimum or maximum limits are placed on numerical precision.

For Touchstone export, the R&S ZNA uses the normalized scientific notation, with a
significand (mantissa) of length 17 (+1 for the minus sign) and an exponent with maxi-
mum length 2 (+1 for the minus sign).

1.000000000000000e+09 -2.375070438098596e-01 -4.533104459856211e-01
1.010000000000000e+09 -3.132740349817996e-01 -5.874596585157938e-01
1.020000000000000e+09 -3.062444919836442e-01 -4.587379501906624e-01

Conditions for Touchstone file export

® One-port Touchstone files with data from a single trace
Typically, Touchstone files contain a complete set of S-parameter traces of an n-
port network. The only exceptions are s1p files created from arbitrary S-parameter
traces using the "s1p Active Trace" export function in the Trace Data tab or the
remote command MMEMory : STORe : TRACe.

® Touchstone files containing S-matrices

— For a one-port Touchstone file, the reflection coefficient for the specified port
(S;; for port i) must be measured. If a full one-port (Refl OSM) or a full n-port
(TOSM, ...) calibration is available for the specified port, it is possible to export
the data even when the trace is not displayed.

— For a multiport Touchstone file * . s<n>p, either a full multiport system error
correction or a complete set of n?2 S-parameter traces must be available.
If the port configuration contains balanced ports, the exported Touchstone file
contains the converted single-ended S-parameters unless you enable "Bal-
anced Params" during export.

— Export of balanced (symmetric) S-parameters must be enabled. If you want to
export balanced S-parameters, make sure that all these parameters are mea-
sured, and that for each involved balanced port both physical ports are part of
the export.

This type of export can be initiated from the GUI by using the "s<n>p Port ..." or
"snp Free Config. ..." functions of the Trace Data tab or by the remote command
MMEMory : STORe: TRACe : PORTs on page 1324.
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Renormalization of S-parameters

Renormalization means that the S-parameters at connector impedances are converted
to S-parameters at certain target impedances.

During Touchstone export, the S-parameters can be renormalized in two ways:

e Common target impedance
The <reference resistance> of the Option line is taken as common target
impedance and the data is renormalized to the common target impedance, regard-
less of the reference impedances of the involved ports.
If the impedances of all involved ports are identical, the analyzer sets the
<reference resistance> inthe Option line to the real part of this impedance.
Otherwise it sets it to 50 (Q).

® Port-specific Reference impedances
In this case, the reference impedances of the individual ports are used for the
renormalization and these impedances are documented in the Renormalization
information comment. If the port-specific reference impedances are different, an
additional warning is added to this comment, indicating that the option line contains
a non-matching reference resistance.
Note that when reimporting this type of file into standard applications (including the
R&S ZNA itself), the <reference resistance> of the Touchstone option line is
used and the impedance system underlying the data is not interpreted correctly.

4.4.2.2 ASCII (*.csv) files

An ASCII file contains a header and the actual trace data:
freq;reTrc1_S21;imTrc1_S21;reMem2[Trc1]_S21;imMem2[Trc1]_S21;
300000.000000;0.000000;0.000000;0.000000;0.000000;
40499497.487437;0.000000;0.000000;0.000000;0.000000;
80698994.974874;0.494927;-0.065174;0.500833;-0.074866;
120898492.462312;0.497959;-0.111724;0.488029;-0.107375;

The header consists of the following data elements:

® <Stimulus> stimulus variable: freq for frequency sweep, power for power sweep,
time for time sweep, trigger for CW mode sweep.

e <reTrace1> first response value of first trace: re<Trace_Name>,
mag<Trace_Name> or db<Trace Name> for output format Re/Im, lin. Mag-Phase
or dB Mag-Phase, respectively. The data format for export files can be selected in
the Export Data dialog.

® <imTrace1> second response value of first trace: im<Trace Name> for output for-
mat Re/lm, ang<Trace_Name> for output formats lin. Mag-Phase or dB Mag-
Phase. The data format for export files can be selected in the Export Data dialog.

® <reTrace2> first response value of second trace: re<Trace_Name>,
mag<Trace_Name> or db<Trace Name> for output format Re/Im, lin. Mag-Phase
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or dB Mag-Phase, respectively. The data format for export files can be selected in
the Export Data dialog.

® <imTrace2>... second response value of second trace: im<Trace_Name> for output
format Re/lm, ang<Trace_Name> for output formats lin. Mag-Phase or dB Mag-
Phase. The data format for export files can be selected in the Export Data dialog.
first response value of second trace. HZ / KHZ / MHZ / GHZ allowed for imported
files. The analyzer always uses HZ for exported data. second response value of
first trace: im<Trace_Name> for output format Re/Im, ang<Trace_Name> for output
formats lin. Mag-Phase or dB Mag-Phase. The data format for export files can be
selected in the Export Data dialog.

The trace data is arranged as described in the header. Different values are separated
by semicolons, commas or other characters, depending on the selected "Decimal Sep-
arator" in the "Export ... Data" dialogs. A semicolon is inserted before the end of each
line.

The stimulus values are arranged in ascending order.

Finding the best file format

The file format depends on how you want to use the exported data.

Use a Touchstone file format to export S-parameter data traces to a file that can be
evaluated with applications such as Keysight's Advanced Design System (the former
Microwave Design System), and to convert mixed mode parameters back to single-
ended parameters. The data must be acquired in a frequency sweep. Note the "Condi-
tions for Touchstone file export" on page 183.

Touchstone files cannot be used to export mathematical traces.

Use the ASCII (*.csv) format if you want to do one of the following:
® Import the created file into a spreadsheet application such as Microsoft Excel.

® Export an arbitrary number of traces, multiple traces with the same parameter or
memory traces.

® Export traces acquired in a power sweep or CW sweep.
® Export time domain traces
® Use export options.

Use the Matlab (* . dat) format if you want to import and process the trace data in
Matlab.
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4.5 Calibration

Calibration or system error correction is the process of eliminating systematic, reprodu-
cible errors from the measurement results (S-parameters and derived quantities; see
Chapter 4.1.7, "Data flow", on page 120). The process involves the following stages:

Calibration or system error correction is the process of eliminating systematic, reprodu-
cible errors from the measurement results (S-parameters and derived quantities). The
process involves the following stages:

1. A set of calibration standards is selected and measured over the required sweep
range.
For many calibration types, the magnitude and phase response of each calibration
standard (i.e. its S-parameters if no system errors occur) must be known within the
entire sweep range. In some calibration procedures (TRL, TNA, TRM), part of the
characteristics of the standards can be auto-determined due to implicit redundancy
(self-calibration).

2. The analyzer compares the measurement data of the standards with their known,
ideal response. The difference is used to calculate the system errors using a partic-
ular error model (calibration type) and derive a set of system error correction data.

3. The system error correction data is used to correct the measurement results of a
DUT that is measured instead of the standards.

Calibration is always channel-specific because it depends on the hardware settings, in
particular on the sweep range. This means that a system error correction data set is
stored with the calibrated channel.

The analyzer provides a wide range of sophisticated calibration methods for all types of
measurements. Which calibration method is selected depends on the expected system
errors, the accuracy requirements of the measurement, on the test setup and on the
types of calibration standards available.

Due to the analyzer's calibration wizard, calibration is a straightforward, menu-guided
process. Moreover, it is possible to perform the entire calibration process automatically
using a Calibration Unit (e.g. R&S ZN-Z5x or R&S ZN-Z15x).

The system error correction data determined in a calibration procedure are stored on
the analyzer. You can read these correction data using the remote control command
[SENSe<Ch>:]CORRection:CDATa. You can also replace the correction data of the
analyzer by your own correction data sets.
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@ Cal Off label
A label "Cal Off" appears in the trace line if the system error correction no longer
applies to the trace:

| Trc1 [5AN dB Mag 10 dB/Ref0 dB Cal Off

This can happen for one of the following reasons:
® The sweep range is outside the calibrated frequency range.

® The channel calibration is not sufficient for the measured quantity (e.g. a one-port
calibration has been performed, but the measured quantity is a transmission
parameter).

® There is a mismatch between the current Frequency Offset settings and the Fre-
quency Offset settings that were used during calibration (see "Parallel Measure-
ments with Frequency Offset" on page 113)

® The system error correction has been switched off deliberately ("User Cal Active" is
disabled).

The analyzer provides other labels to indicate the status of the current calibration; see
Chapter 4.5.4, "Calibration state labels", on page 206.

@ Calibration and port de-/activation
The analyzer fimware automatically activates/deactivates ports during/after a (success-
ful) calibration:
® Calibrated ports that were previously disabled, are automatically enabled as single-
ended logical ports.

® An uncalibrated port that is not used by a measurement (i.e. the port is not required
by any trace of the related channel) is disabled.

4.5.1 Calibration types

The analyzer provides a wide range of calibration types for one, two or more ports. The
calibration types differ in the number and types of standards used, the error terms, i.e.
the type of systematic errors corrected and the general accuracy. The following table
gives an overview.

Table 4-8: Overview of calibration types

Calibration Type Standards Parameters Error Terms General Accuracy | Application
Reflection Normali- | Open or Short S, for Port i Reflection tracking | Low to medium Reflection measure-
zation ments on any port.
Transmission Nor- | Through S; for port pair (i,j), i | Transmission track- | Medium Transmission mea-
malization #j ing surements in any
direction and
between any combi-
nation of ports.

User Manual 1178.6462.02 — 30 187



R&S®ZNA Concepts and features

Match") (at source
port),

Through? between
the source port and
all target ports

port j and target
ports t

Source match,
Directivity,

Transmission track-
ing

Calibration
Calibration Type Standards Parameters Error Terms General Accuracy | Application
Reflection OSM Open, Short, S, for Port i Reflection tracking, | High Reflection measure-
Match" Source match ments on any port.
Directivity,
One Path Two Ports | Open, Short, S,; for fixed source | Reflection tracking, | Medium to high Unidirectional trans-

mission measure-
ments in any direc-
tion and between
any combination of
ports.

Through (between
all port pairs)

Directivity,
Load match,

Transmission track-
ing

TOSM or UOSM Open, Short, All Reflection tracking, | High Reflection and
1 i i -
(n-port) Match" (at each Source match, transmission mea
port), 5 surements; classi-
irectivity, ~
Through? (between rectivity cal 12 t.erm error
all port pairs) Load match, correction model.
Transmission track-
ing,
Adapter Removal Open, Short, All Reflection tracking, | High Reflection and
- 1 '] _
(2-port) Marttc):h ) (at each Reflection parame- | Source match, gj::;!:f;::j
port), ters with and with- | .. . ; -
Directivity, ~
Through out adapter Y cal 12 t.erm error
Load match, correction model.
Transmission track-
ing,
TOM Open, Match (at All Reflection tracking, | High Reflection and
(n-port) both ports), Source match, tsr:r”esmme'zzon mea-
Through (petween Directivity, :
all port pairs)
Load match,
Transmission track-
ing
TSM Short, Match (at All Reflection tracking, | High Reflection and
(n-port) both ports), Source match, tsralls%nei?\ion mea-
u .
Through (petween Directivity,
all port pairs)
Load match,
Transmission track-
ing
TRM Reflect (equal at All Reflection tracking, | High Reflection and
(n-port) both ports), Match, Source match, transmission mea-

surements, espe-
cially in test fixtures.
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Transmission track-
ing
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Calibration Type Standards Parameters Error Terms General Accuracy | Application
TRL Reflect (at both All Reflection tracking, | High, high directiv- | Reflection and
(n-port) ports). Source mateh, | paeosion mear
Through, Line1, T u ) -
other Eines Directivity, cially for planar cir-
(optional), combina- Load match, Cuclittsh Limited band-
; . width.
tion with TRM Transmission track-
(optional) ing
TNA Through, Attenua- | All Reflection tracking, | High, lowest Reflection and
(n-port) tion, Symmetric Source match, requirements on transmission mea-
network standards surements, espe-

cially for planar cir-
cuits.

OSM Scalar Mixer

Open, Short,
Match" (at each
port)

All except transmis-
sion phases

Reflection tracking,
source match,
directivity

Low, improves with

complementary ref-
erence receiver cal-
ibration

Scalar mixer mea-
surements, if no
through is available

UOSM Scalar Mixer

Open, Short,
Match® (at each
port), Through

All except transmis-
sion phases/delays

Reflection tracking,
source match,
directivity, load
match, transmis-
sion tracking

Medium, high with
complementary ref-
erence receiver cal-
ibration

Scalar mixer mea-
surements, if no
phases/delays are
required

OSM Vector Mixer

Open, Short,

All except feed-

Reflection tracking,

Medium, high for

Vector mixer mea-

tor Mixer

Match' (at each
port), Through, Cal-
ibration Mixer

source match,
directivity, load
match, transmis-
sion tracking

Match" (at each throughs source match, transmission pha- | surements, if no
port), Calibration directivity ses/delays through is available
Mixer or only transmission
phases/delays are
measured
UOSM Scalar Vec- | Open, Short, All Reflection tracking, | High Scalar and vector

mixer measure-
ments

) Or any other 3 known one-port standards. To be used in a guided calibration, the known standards must be declared to be Open,
Short, and Match irrespective of their properties.

2) Or any other known two-port standard. To be used in a guided calibration, the known standard must be declared to be Through,
irrespective of its properties.

Q

The calibration type must be selected in accordance with the test setup. Select the cali-
bration type for which you can obtain or design the most accurate standards and for
which you can measure the required parameters with best accuracy.

e Normalization (reflection, tranSMISSION)....cccuveiiiiiiiiiiieeee e 190
o Reflection OSM Calibration.........coooeeeeieiiiiiiiiee e 190
o One Path Two Ports Calibration............eeeceeiiiiiiiiieeeeeeeee e 191
o TOSM and UOSM Calibration..........ccoeeeieeieiiiiiieeeeeeeeeeeee et e e e e e e e eeeeeeeens 191
®  AdAPLEr rEMOVAL......ccc e e e e e ——————————— 192
I O 1Y W or=1 11 o] =1 i o] o FO RN 194
L 11 W or=1 11 o] =Y i) o TR 194
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®  TRM Calibration........oeeeeee e a e 194
®  TRL Calibration.......ooo e e e 195
L I 8\ N 071 o] = 4 o P 197
e Full n-Port calibration with reduced number of Through connections................... 197
e Complementary isolation MeasuremMeNt.........cccccveeeeiiiiiiciiiiiiieeeeee e 198
®  MixXer CalibDratioNS......coui i 199

Normalization (reflection, transmission)

A normalization is the simplest calibration type since it requires the measurement of

only one standard for each calibrated S-parameter:

® One-port (reflection) S-parameters (S;;, Sy, ...) are calibrated with an Open or a
Short standard providing the reflection tracking error term.

® Two-port (transmission) S-parameters (S;,, Sy, ...) are calibrated with a Through
standard providing the transmission tracking error term.

Normalization means that the measured S-parameter at each sweep point is divided by
the corresponding S-parameter of the standard. A normalization eliminates the fre-
quency-dependent attenuation and phase shift in the measurement path (reflection or
transmission tracking error). It does not compensate for directivity or mismatch errors.
This limits the accuracy of a normalization.

® Manual reflection normalizations offer Complementary Match standard measure-
ments

® Manual transmission normalizations support Complementary isolation measure-
ment (optional).

Complementary Match standard measurements

For reflection normalizations, the mandatory Open or Short measurements can be
complemented by optional Match measurements. Additionally, measuring a Match
standard allows you to eliminate errors due to the directivity of the internal couplers,
which improves the accuracy of reflection measurements on well-matched DUTs (high
return loss).

For reflection measurements on DUTs with low return loss, accuracy may be degraded
compared to a simple reflection normalization.

Reflection OSM calibration

A reflection OSM (full one-port) calibration requires a Short, an Open and a Match
standard to be connected to a single test port. The three standard measurements are
used to derive all three reflection error terms:

® The Short and Open standards are used to derive the source match and the reflec-
tion tracking error terms.

® The Match standard is used to derive the directivity error.
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A reflection OSM calibration is more accurate than a normalization but is only applica-
ble for reflection measurements.

4.5.1.3 One Path Two Ports Calibration

A one path two ports calibration combines a reflection OSM (full one-port) calibration
with a transmission normalization. The fully calibrated port is termed the node port.
This calibration type requires a Short, an Open and a Match standard to be connected
to a single test port plus a Through standard between this calibrated source port and
the other load ports. The four standard measurements are used to derive the following
error terms:

® The Short and Open standards are used to derive the source match and the reflec-
tion tracking error terms at the source port.

® The Match standard is used to derive the directivity error at the source port.

® The Through standard provides the transmission tracking error terms.

For calibration of two ports, a one-path two-port calibration requires only four standards
to be connected (instead of 7 for a full two-port TOSM calibration). It is suitable when

only the forward (e.g. S4; and S,,) or reverse S-parameters (e.g. S,, and S;,) are nee-
ded, and if the DUT is well matched, especially at the load port.

A one-path two-port calibration is also the best calibration method for test setups with
unidirectional signal flow, e.g. a pulsed measurement using an external generator.

4.5.1.4 TOSM and UOSM calibration

TOSM

A TOSM (Through — Open — Short — Match) calibration requires the same standards as
the one path two ports calibration, however, all measurements are performed in the for-
ward and reverse direction. TOSM is also referred to as SOLT (Short — Open — Load =
Match — Through) calibration. The four standards are used to derive 6 error terms for
each signal direction:

® |n addition to the source match and reflection tracking error terms provided by the
one-path two-port calibration, TOSM also provides the load match.

® The directivity error is determined at all source ports.
® The transmission tracking is determined for each direction.
TOSM calibration is provided for arbitrary n-port measurements (n>1). The number of

required standard measurements and of error terms increases as shown in the follow-
ing table.
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Number of ports Number of standards Number of standard Number of error terms’)
to be connected measurements
2 2*3 2*3 2*3
+1=7 +2*1=8 +2*2=10
3 3*3 3*3 3*3
+2+1=12 +2*(2+1)=15 +2%2*3=21
4 4*3 4*3 4*3
+3+2+1=18 +2*(3+2+1)=24 +2*2*6=36

*) No isolation terms are available.

An Open, Through and Match measurement is required at each port; in addition, for a
full TOSM, a Through must be measured for every directed port pair. Therefore the
total number of standard measurements for an n-port TOSM calibration is 3n + n (n-1)
=n (n+2). However, this number can be significantly decreased without losing too
much precision (see Chapter 4.5.1.11, "Full n-Port calibration with reduced number of
Through connections”, on page 197)

The analyzer automatically performs each through measurement in both directions, so
the number of connected standards is smaller than the number of measurements.

Manual TOSM calibration supports Complementary isolation measurement (optional).

UOSM: TOSM with unknown Through

The analyzer can perform a TOSM calibration with any 2-port network serving as
through connection, as long as it fulfills the reciprocity condition S,4 = S4,. The modified
TOSM calibration is referred to as UOSM (Unknown through — Open — Short — Match)
calibration. It can be selected as follows:
e |f different connector types are assigned to the test ports, the analyzer automati-
cally replaces TOSM by UOSM.
[The network analyzer supports different connector types at its test ports to mea-
sure DUTs with different port connectors; see also Chapter 4.5.1.5, "Adapter
removal”, on page 192. ]
® |f the same connector types are used but an appropriate Through standard is not
defined, the analyzer also replaces TOSM by UOSM.

® UOSM can be selected explicitly in the "Calibration Setting" dialog.

After acquiring the calibration sweep data for the unknown through, the analyzer auto-
matically determines its delay time/transmission phase.

Adapter removal

Many DUTs use different connector types on their RF ports (e.g. port 1: N-type connec-
tor, female; port 2: PC 3.5-type connector, female).
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DUTs of this sort are also known as noninsertable devices.

A suitable calibration kit is then required for each of the different connector types. The
kit must include, as a minimum, the standards that are used for one-port calibration.
The through-connection between test ports with different connector types must be
made using adapters.

The problem here is that unlike Through standards, adapters are usually not character-
ized, i.e. their delay time/transmission phase is unknown.

If the adapter fulfills the reciprocity condition S,; = S;,, it can serve as Unknown
through in an UOSM calibration (see "UOSM: TOSM with unknown Through"
on page 192).

Adapter Removal is an extension of the 2-port UOSM calibration. It requires two addi-
tional reflection OSM calibrations with the adapter successively connected to port 1
and port 2.

Port 1

N 500 (]

Step 1/3

Adapter Removal

used for UOSM

—>e [

—»Ll 0

—»L ] {

—»L ]

Port 2

35 mum {f}

used for UOSM

Adapter Removal

Port 2
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fIEE
~ Maich
 Sliding Match

N
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af—
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Step 3 /3 Port 2

Adapter Removal 15 mm {f}

Standard
Measurement
used for UOSM

L

Figure 4-7: Adapter Removal vs. UOSM

The obtained adapter characteristics are mathematically removed from the obtained
error coefficients. Uncertainties arising from a non-ideal characterization of the
unknown through almost cancel, whereas they add up in the UOSM technique. As a
consequence, Adapter Removal will provide more accurate results.

brations per Channel" enabled, multiple (disjoint) port pairs can be calibrated using
Adapter Removal.

CD ® Adapter Removal is not defined for more than 2 ports. However, with "Multiple Cali-

® Currently Adapter Removal is not supported with Automatic calibration.

4.5.1.6 TOM calibration

A TOM (Through — Open — Match) calibration requires a low-reflection, low-loss
Through standard with an electrical length that can be different from zero, an Open,
and a Match. The characteristics of all standards must be fully known; the Match can
have non-ideal characteristics.

4.5.1.7 TSM calibration

A TSM (Through — Short — Match) calibration requires a low-reflection, low-loss
Through standard with an electrical length that can be different from zero, a Short, and
a Match. The characteristics of all standards must be fully known; the Match can have
non-ideal characteristics.

TSM calibration can replace TOM calibration if no appropriate Open standard is availa-
ble, especially in the high frequency domain.

4.51.8 TRM calibration
A TRM (Through — Reflect — Match) calibration requires a low-reflection, low-loss

Through standard with an electrical length that can be different from zero, a Reflect,
and a Match. The magnitude of the reflection coefficient of the Reflect standard can be
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unknown but must be nonzero; its phase must be roughly known (90 deg). The magni-
tude and phase of the reflection coefficient must be the same at both test ports.

TRM calibration is especially useful for DUTs in test fixtures.

4.5.1.9 TRL calibration

A TRL (Through — Reflect — Line) calibration requires the two-port standards Through
and Line, which are both assumed to be ideally matched. The Through must be loss-
less, and its length must be exactly known. The length of the Line standard must be
known approximately.

Furthermore, a reflecting one-port standard (Reflect) is needed. The magnitude of the
reflection coefficient of the Reflect standard can be unknown but must be nonzero; its
phase must be roughly known (90 deg). The magnitude and phase of the reflection
coefficient must be the same at both test ports.

TRL calibration is especially useful for DUTs in planar line technology (e.g. test fixtures,
on-wafer measurements) where it is difficult to design and connect accurately modeled
Open, Short or Match standards.

If TRL is not practicable, TNA can be an alternative.

TRL with several Lines and with TRM

The system of equations that have to be solved for the error terms exhibits singularities
whenever the length difference AL between the Through and the Line is an integer
multiple of half of the wave length:

AL#n i
2

As a rule, singularities are avoided with sufficient accuracy if the phase shift resulting
from the (electric) length difference between the Through and the Line standard is
between 20° and 160°. This corresponds to a ratio of 1:8 for the start and stop fre-
quency of the calibrated sweep range.

o To shift the calibrated sweep range to smaller or larger frequencies, you can use a lon-
= ger or shorter Line. To extend the calibrated range, use one of the following methods:

® Perform TRL calibration with two or three different Line standards. With an appro-
priate length of the Lines, the ratio for the start and stop frequency of the calibrated
sweep range can increase to approx. 1:64 (for 2 lines) or 1:512 (for 3 lines).

® In the low-frequency domain where TRL becomes inaccurate, replace TRL by TRM
calibration. See "Low-frequency extension with TRM" on page 197.

The methods can be combined or used separately. The list of measured standards in
the calibration step for TRL calibration is extended if the calibration kit in use contains
the necessary standards:

® A 2-line (3-line) calibration requires two (three) different Lines of matching gender.
The lines must be measured between any combination of two ports.

User Manual 1178.6462.02 — 30 195



R&S®ZNA Concepts and features

Calibration

® A TRM extension at low frequencies requires either a Match or a Sliding Match
standard. The standard must be measured at each port.

The complete list of measured standards for a two-port calibration is shown below.

® For a TRL calibration with 1 Line, the Reflect standard at both ports, the
Through, and one Line standard must be measured.

® For a TRL calibration with 2 Lines, a second Line standard must be measured in
addition.

® For a TRM extension, the Reflect and Match standards at both ports (and the
Through) must be measured. See also Chapter 4.5.2.3, "Sliding Match standards”,
on page 203.

The TRL calibration is valid when the standards for a TRL calibration with 1 line have
been measured. The TRL extensions are applied automatically if the necessary stand-
ards have been measured.

P1 O P2 © P1O—0Pr2

N 500 (f) N 50 0 (f) N 50 0 ff)
M 50 0 Ideal Kit M 50 03 Ideal Kit M 50 03 Ideal Kit

Match Match Through
{m]) {m]) {mm)

g Sliding Match g 5liding Match Line 1
= (m) = (m) {mm})

Reflect Reflect Line 2
{m) R {rm) L {rmm)
Line 3
trnrn]

Example: TRL calibration with two and three Lines

If several Lines with different lengths are measured, the analyzer automatically divides
the calibrated range into segments. The calibration data of the longest line is applied to
the lowest segment, the calibration data of the shortest line to the highest segment.

The calibration sweep segments for two Lines with electric lengths li;ng and lgpor (liong >
lshort) @re obtained as follows (the Through standard is assumed to be of length l,):

® The longer Line can be used up to a frequency fi,,g where its transmission phase is
equal to 160 deg. This frequency is equal to
flong = 4*00/[9*(|I0ng_ Ithr)]-

® The shorter Line can be used from a frequency fg,,« where its transmission phase
is equal to 20 deg. This frequency is equal to
fshort = CO/[18*(|short_ Ithr)]-

® The border between the two frequency segments fg, is calculated as the geometric
mean of figng and fhor, i.€.
fdiv = Sqrt(flong * fshort)-

The formulas are also applied if fi;ng < fsport-

For a TRL calibration using three Lines with different length, the allowed frequency
ranges are calculated in an analogous manner to obtain three (ideally overlapping) fre-
quency ranges. The borders between two adjacent frequency ranges are calculated as
the geometric mean of the frequency limits f,ng and fgo Of the two ranges.
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O A second or third Line in the list does not mean that you have to measure two or three
= Line standards. If the calibrated frequency range is small enough, the calibration is
valid when the analyzer has acquired correction data for a single Line standard.

The Match and Sliding Match standards are not necessary for TRL calibration. How-
ever, they must be measured if TRL is combined with TRM calibration.

Low-frequency extension with TRM

TRL calibration becomes inaccurate if the electrical length difference between Line and
Through standard corresponds to a phase shift below 20°. In practice, TRL is only
practicable above a threshold frequency cy/[18*(liong— linr)], Where I,y denotes the lon-
gest electrical length of the used Line standards, and |, the electrical length of the
Through. The analyzer assumes |y, << l;;ng @and uses cy/(18%l,,,4) as the frequency
threshold.

E.g., for a line with I,y = 16.666 cm, the threshold frequency is 100 MHz.

At frequencies below this threshold frequency, TRL calculation is automatically
replaced by TRM calculation, if the necessary Match data have been acquired.

Accuracy conditions for the Lines

The length error of the Line, converted into a transmission phase error, must be below
the minimum difference to the singularity points 0 deg or 180 deg multiplied by two.
Suppose that an approximately known Line standard causes a transmission phase 30
deg at the start frequency and of 160 deg at the stop frequency of the sweep. Its length
error must cause a phase difference below (180 deg — 160 deg)*2 = 40 deg.

4.5.1.10 TNA calibration

A TNA (Through — Network — Attenuation) calibration requires two-port standards only.
Again, the Through standard must be ideally matched and lossless. The Symmetric
Network must have the same properties as the Reflect standard used for a TRL cali-
bration. l.e., the magnitude of its reflection coefficient can be unknown but must be
nonzero. Its phase must be roughly known (90 deg). The magnitude and phase of the
reflection coefficient must be the same at both test ports. The Attenuation standard
must be well matched on both sides and cause an attenuation different from 0 dB; the
exact value of the transmission coefficient is not important.

As with TRL, TNA calibration is especially useful for planar DUTs. If TNA is not practi-
cable, TRL can be an alternative.

4.5.1.11 Full n-Port calibration with reduced number of Through connections

The analyzer can calculate the error terms for a full n-port calibration after n—1 Through
measurements, if the measured Throughs connect all ports to be calibrated. The cor-
rection values for the unmeasured Throughs can then be calculated from the mea-
sured ones.
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To establish a sufficient set of Through connections, you can select an arbitrary test
port as the "center" and measure all Through connections to this test port ("star-sha-
ped calibration"). You can also connect all ports in increasing order, e.g. 1—2, 2—3,
3—4 ...

©
1OMRC
= |~©

[

[For the mathematically inclined: the graph constructed from the calibration ports as
nodes and the measured Throughs as edges must be connected.]

O |-G
-0 —©

ports that are all on the same submatrix, then an extra Through measurement is
required: Complement the minimum set of n-1 Throughs (as explained above) by an
additional Through at a port pair that is connected by a "chain of throughs" of length 2
(e.g. between ports 2 and 4 in the examples above).

@ If an external switch matrix is configured and you want to calibrate three or more test

See Chapter 4.7.41, "External switch matrices", on page 326 for background informa-
tion on switch matrices and their submatrices.

Compared to the full number of n(n-1)/2 Through connections, the time and effort is
significantly reduced, in particular if n is large.

The "Reduced Through" logic is implemented for all full n-port calibration types.

® During manual calibration, you can apply the calibration when a sufficient set of
Through connections have been measured. However, you can measure additional
Through connections to improve the accuracy.

e |f Multiple port assignments are required, an Automatic calibration always proposes
a minimum number of port assignments. However, for each port assignment all
possible through connections are measured by default. If you want to apply the
"Reduced Through" logic also for each port assignment, you can activate it in the
system configuration.

4.51.12 Complementary isolation measurement

For each port pair in a manual transmission normalization or TOSM calibration, the
Through measurement can be complemented by an isolation measurement. This mea-
surement accounts for possible crosstalk between the related test ports (e.g. on a test
fixture).
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P1O-—0 P2
NS00 [f)
N 50 0 Ideal Kit

Through
{rmm)

| Isolation

If isolation is measured, the corrected transmission coefficient of the DUT is calculated
as:

(Transmission coefficient DUT — Isolation) / (Transmission coefficient Through — Isola-
tion)

There is no dedicated physical standard for isolation measurement; it is recommended
to terminate the test ports suitably (e.g. with 50 Q loads).

Mixer calibrations

All "(U)OSM Scalar/Vector Mixer" calibrations mentioned in Table 4-8 are based on the
Reflection OSM calibration or the UOSM Calibration.

A scalar mixer calibration basically ensures that all required frequencies for the mixer
measurements are calibrated. A vector mixer calibration requires an additional fre-
quency converting calibration standard, a so-called "Calibration Mixer". Such a Calibra-
tion Mixer must be reciprocal, to establish the frequency converting phase relation
between two ports.

The properties of the Calibration Mixer and the corresponding calibration measurement
steps can be configured in the "Mixer/IMD/Harmonics tab" on page 596 of the calibra-
tion setup dialog (Channel — [Cal] > "Start Cal" tab > "Configure/Start Calibration ...").

Calibration Mixer Settings

A= Port Power LB Power Result L

Power Att. Multiplier

Calibration standards and calibration kits

A calibration kit is a set of physical calibration standards for a particular connector type.
The magnitude and phase response of the calibration standards (i.e. their S-parame-
ters) must be known or predictable within a given frequency range.

The standards are grouped into several types (Open, Through, Match,...) correspond-
ing to the different input quantities for the analyzer's error models. The standard type
also determines the equivalent circuit model used to describe its properties. The circuit
model depends on several parameters that are stored in the cal kit file associated with
the calibration kit.

As an alternative to using circuit models, it is possible to describe the standards with S-
parameter tables stored in a file.
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The analyzer provides many predefined cal kits but can also import cal kit files and cre-

ate kits:

® A selection of predefined kits is available for all connector types. The parameters of
these kits are displayed in the "View / Modify Cal Kit Standards" dialog, however, it
is not possible to change or delete the kits.

® Imported and user-defined kits can be changed in the "Calibration Kits" dialog and

its various subdialogs.

Calibration kits and connector types are global resources; the parameters are stored
independently and are available irrespective of the current recall set.

Calibration standard types

The following table gives an overview of the different standards and their circuit models

(offset and load models).

Table 4-9: Calibration standard types

port; the reflection factor at both ports is zero)

Standard Type Characteristics Ideal Standard Offset Model | Load Model
Open Open circuit (one-port) o Q
Short Short circuit (one-port) 0Q
Offset short Short circuit with added electrical length offset, for | 0 Q
waveguide calibration (one-port)
Match Matched broadband termination (one-port) Z, (characteristic
impedance of the
connector type)
Sliding match One-port standard consisting of an air line with a - - -
movable, low-reflection load element (sliding load)
Reflect Unknown mismatched standard (one-port) » Q
Through Through-connection with minimum loss (two-port) | — v -
Line1, Line 2 Line(s) for TRL calibration with minimum loss (two- | — % -
port)
Attenuation Fully matched standard in both directions (two- - - -

Symm. network

Unknown mismatched reflection-symmetric stan-
dard (two-port)

Offset parameters

The offset parameters have the following physical meaning:

® The delay is the propagation time of a wave traveling through the standard. The
electrical length is equal to the delay times the speed of light in the vacuum. Itis a
measure for the length of transmission line between the standard and the actual
calibration plane. For a waveguide with permittivity €, and mechanical length L,¢cn,

the following relations hold:

L AlE
Delay = L\/7’; Electrical Length=L _, - \/gj

Cc
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The default delay is 0 s, the default step width is 1 ns, corresponding to a step
width of 299.792 mm for the electrical length. The relations hold for one-port and 2-
port standards.

® 7, is the characteristic impedance of the standard. If the standard is terminated
with Z,, then its input impedance is also equal to Z,. Z; is not necessarily equal to
the reference impedance of the system (depending on the connector type) or the
terminal impedance of the standard. The characteristic impedance of the standard
is only used in the context of calibration.
The default characteristic impedance is equal to the reference impedance of the
system.

® The Joss is the energy loss along the transmission line due to the skin effect. For
resistive lines and at RF frequencies, the loss is approximately proportional to the
square root of the frequency.
In Keysight mode, the offset loss is expressed in units of Q/s at a frequency of 1
GHz. The following formula holds for two-port standards:

Loss/[dB] z, /[]
4.3429/[dB] delay/|s]

Offset Loss /[Q/ s]=

The conversion formula for one-port standards has an additional factor 7z on the
right-hand side. The reason for this factor is that the Loss in dB accounts for the
attenuation along the forward and the reverse path. It does not depend on how
often the wave actually propagates through the line, whereas the offset loss is pro-
portional to the attenuation of the line.

To determine an offset loss value experimentally, measure the delay in seconds
and the loss in dB at 1 GHz and use the formula above.

The default loss or offset loss is zero.

The impedance for waveguides is frequency-dependent. If a waveguide line type is

(D selected in the "Cal Connector Types" dialog, the "Char. Imp." field is disabled and indi-
cates "varies" instead of a definite impedance value. Moreover no loss or offset loss
can be set.

Offset parameters and standard types

Offset parameters are used to describe all types of standards except the Sliding Match
and the Attenuation.

® The Sliding Match is a one-port standard with variable load parameters (sliding
load) and unspecified length. The reference impedance is fixed and equal to the
characteristic impedance of the connector type. No load and offset parameters
need to be set.

® The Attenuation is a two-port standard which is fully matched in both directions (the
reflection factor at both ports is zero). No load and offset parameters need to be
set.

Load parameters and standard types

Load parameters are used to describe all types of standards except a Through, a Slid-
ing Match, a Line, and an Attenuation.
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® The Through standard is a through-connection between two ports with minimum
loss which is taken into account by the offset parameters.

® The Sliding Match is a one-port standard with variable load parameters (sliding
load), so there is no fixed load model.

® The Line standard is a line of variable length with minimum loss which is taken into
account by the offset parameters.

® The Attenuation is a two-port standard which is fully matched in both directions (the
reflection factor at both ports is zero). No load and offset parameters need to be
set.

4.5.2.2 Cal kit parameter types

The analyzer uses three types of parameters to describe the calibration standards. The
parameter type is the same for all standards in a kit and therefore appended to the kit
name:

® Universal parameters (no suffix) describe calibration kit models with highly stand-
ardized components so that the parameters are valid for all calibration kits of the
model.

® Typical parameters (suffix "typical") approximately describe a calibration kit model.
To correct for deviations between the standards, each kit of the model is individu-
ally measured and delivered with an additional, kit-specific parameter set. There-
fore each typical parameter set "<kit_name> typical" is complemented by an addi-
tional parameter set "<kit_name>" containing optimized parameters for an individ-
ual kit.

® |deal parameters (suffix "Ideal Kit") describe an idealized calibration kit for each
connector type; see below.

O Make sure to use universal or individual parameter sets if you need to obtain high-pre-
= cision results. The precision of the calibration kit parameters determines the accuracy
of the system error correction and of the measurements. The R&S ZNA displays a
warning if you use a typical or ideal parameter set to calibrate a channel.

Calibration kits can be obtained as network analyzer accessories; refer to the data
sheet for the relevant ordering information. The name of all parameter sets is equal to
the name of the corresponding calibration kit model.

Ideal parameters

All ideal kits contain the standards listed below.

Table 4-10: Ideal standard parameters

Standard (Gender) R (Load) Electrical Length (Offset)
Open (f, m) © Q 0 mm (Delay: 0 s)

Short (f, m) 00 0 mm

Offset Short (f, m) 00 10 mm
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Standard (Gender) R (Load) Electrical Length (Offset)
Match (f, m) Z, (characteristic impedance of 0 mm
the connector type)

Sliding Match (f, m) - 0 mm

Reflect (f, m) o Q 0 mm

Through (ff, mm, mf) - 0 mm

Line (ff, mm, mf) - 10 mm

Attenuation (ff, mm , mf) - 0 mm

Symm. Network (ff, mm, mf) - 0 mm

The following additional parameters are used:

® Characteristic impedance: Z, (characteristic impedance of the connector type)
® |oss: 0dB/sqgrt(GHz) or (0 GQ/ s) in Keysight mode

® All inductance and capacitance parameters are set to zero.

4.5.2.3 Sliding Match standards

The Sliding Match is a one-port standard consisting of an air line with a movable, low-
reflection load element (sliding load). This standard is used because a no perfect
Match is available over a wide frequency range. However, a series of measurements at
a given frequency with equal mismatch and varying phase yields reflection factors that
are located on a circle in the Smith chart. The center of this circle corresponds to per-
fect match. The network analyzer determines and further corrects this match point fol-
lowing |. Kasa's circle-fitting algorithm.

To obtain the reflection coefficient for a perfectly matched calibration standard, the Slid-
ing Match must be measured at least at 3 positions which should be unequally spaced
to avoid overlapping data points. Increasing the number of positions to 4 to 6 can
improve the accuracy. Moreover, using the predefined load positions of the standard is
recommended.
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Figure 4-8: Sliding Match: GUI representation

A calibration is valid (and can be applied to the calibrated channel) if either the Match
or three positions of the Sliding Match have been measured. However, it is often desir-
able to acquire calibration data from both standards.

o The R&S ZNA can acquire correction data for up to 20 positions.

The analyzer combines the data in an appropriate manner:

® The Match results are used up to the lower edge of the specified frequency range
of the Sliding Match (Min Freq).

® The Sliding Match results are used for frequencies above the Min Freq. In general,
the Sliding Match provides better results than the Match within its specified fre-
quency range.

4.5.2.4 Cal kit Files

Calibration kit files can be used to store the parameters of a particular calibration kit, to
reload the data and to exchange calibration kits from one network analyzer to another.

Cal kit file contents

Cal kit files are independent of the current recall set and contain the following informa-
tion:

® Name and label of the calibration kit

® Connector type including all connector type parameters (name, polarity, offset
model, reference impedance)

® Type, gender and label of all standards in the kit together with the circuit model
parameters (offsets, load) or S-parameter tables (.s<n>p file) that are necessary to
determine its magnitude and phase response.
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By default cal kit files are stored in the
C:\Users\Public\Documents\Rohde-Schwarz\ZNA\Calibration directory.

® To export cal kit data, the analyzer uses a specific binary file format * . calkit.
® Three different import file formats are supported: R&S ZVA-specific binary cal kit

files (* . calkit), R&S ZVR-specific binary cal kit files (* . ck), cal kit files in Key-
sight-specific ASCII formats (* . csv, * .prn).

CD Importing older R&S ZVR cal kit files

On loading some older R&S ZVR-specific * . ck files, e.g. the R&S ZV-Z23 cal kit file,
the R&S ZNA generates the message "File does not comply with instrument calibration
kit file format". The files must be converted using an R&S ZVR network analyzer equip-
ped with a firmware version V3.52 or later.

Proceed as follows:

® Onthe R&S ZVR, press "CAL > CAL KITS > MODIFY KITS > INSTALL NEW KIT"
to import the * . ck file.

® Press "CREATE INST FILE" in the same submenu to export the * . ck file in a
R&S ZNA-compatible format.

® |Import the converted file into the R&S ZNA.

*.csv cal kit files: VNA Cal Kit Manager V2.1

The VNA Cal Kit Manager is a free, Windows®-based software tool intended to import,
edit, and export * . csv cal kit files. The software is available for download at http://
na.support.keysight.com/vnahelp/products.html. The decimal separator used by the
VNA Cal Kit Manager V2.1 depends on the language version of the Windows® operat-
ing system: Cal kit files generated on an English operating system contain dots, the
ones generated on a German system contain commas.

The network analyzer expects the dot as a separator and displays an error message
when a * . csv file with commas is loaded. Please install the VNA Cal Kit Manager
V2.1 on an appropriate (e.g. English) Windows® version to avoid trouble.

*.prn cal kit files: PNA Cal Kit Editor

The network analyzer can import and process cal kit files created with the PNA Cal Kit
Editor. The files use the extension * . prn; the data format is identical to the *.csv
format. The software is available for download at http://na.support.keysight.com/pna/
apps/#calkiteditor.

The decimal separator used by the PNA Cal Kit Editor depends on the language ver-
sion of the Windows® operating system: Cal kit files generated on an English operating
system contain dots, the ones generated on a German system contain commas.

The network analyzer expects the dot as a separator and displays an error message
when a * . prn file with commas is loaded. Please install the PNA Cal Kit Editor on an

appropriate (e.g. English) Windows® version to avoid trouble.

User Manual 1178.6462.02 — 30 205


http://na.support.keysight.com/vnahelp/products.html
http://na.support.keysight.com/vnahelp/products.html
http://na.support.keysight.com/pna/apps/#calkiteditor
http://na.support.keysight.com/pna/apps/#calkiteditor

R&S®ZNA Concepts and features

Calibration

4.5.3 Calibration pool

The calibration "Pool" is a collection of correction data sets (cal groups) that the ana-
lyzer stores in a common directory
C:\Users\Public\Documents\Rohde-Schwarz\ZNA\Calibration\Data. Cal
groups in the pool can be applied to different channels and recall sets. Each cal group
is stored in a separate file named <CalGroup name>.cal. The cal group name can
be changed in the "Calibration Manager" dialog.

One of the available cal groups can be set as "Preset User Cal", i.e. the user correction
data that should be restored after a user-defined preset.

If a new channel is created, the channel calibration of the active channel is also applied
to the new channel. See also Calibration state labels.

4.5.4 Calibration state labels

The following labels in the trace list inform you about the status or type of the current
system error correction.

Table 4-11: Calibration state labels (system error correction)

Label Meaning

Cal The system error correction is applied without interpolation. This means that a set of
measured correction data is available at each sweep point.

Cal int The system error correction is applied, however, the correction data for at least one
sweep point is interpolated from the measured values. This means that the channel
settings have been changed so that a current sweep point is different from the cali-
brated sweep points. It is not possible to disable interpolation.

Cal Off The system error correction is no longer applied (e.g. "User Cal Active" is disabled).
See also "Cal Off label" on page 187.

The following labels are dedicated to noise figure traces.

Table 4-12: Noise figure calibration state labels

Label Meaning

NCal A consistent set of power and noise figure calibration data is available at each sweep
point. The calibration is applied.

NCal Off The system error correction is no longer applied (e.g. "User Cal Active" is disabled).
See also "Cal Off label" on page 187.

4.5.5 Automatic calibration

A calibration unit is an integrated solution for automatic system error correction of vec-
tor network analyzers. Rohde & Schwarz offers a wide range of calibration units for dif-
ferent frequency ranges and connector types. The connector types of the calibration
unit should be selected according to the connector types of the DUT.

The calibration units contain calibration standards that are electronically switched when
a calibration is performed. The calibration kit data for the internal standards is also
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stored in the calibration unit, so that the analyzer can calculate the error terms and
apply the calibration without any further input.
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Advantages of automatic calibration

Automatic calibration is faster and more secure than manual calibration, because:

® There is no need to connect several standards manually. The number of connec-
tions to be performed quickly increases with the number of ports.

® |nvalid calibrations due to operator errors (e.g. wrong standards or improper con-
nections) are almost excluded.

® No need to handle calibration kit data.
® The internal standards do not wear out because they are switched electronically.

Limitations of automatic calibration

Calibration units do not contain characterized Through standards, so calibration types
TOM, TSM, TRM, TRL, TNA are not available.
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4.5.5.1 Connecting the calibration unit

The calibration units provide the following connectors:

® USB type B connector at the rear, which is used to power-supply and control the
unit. A USB cable for connection to the network analyzer is provided with the cali-
bration unit.

® RF connectors, which are connected to the test ports. For all Rohde & Schwarz
calibration units except a customized R&S ZN-Z51, the connector types are equal
for all ports.

To connect the unit,
1. Switch on and power up your network analyzer.

2. To protect your equipment against ESD damage, use the wrist strap and grounding
cord supplied with the instrument and connect yourself to the GND connector at
the front panel.

3. Connect the USB type A connector of the USB cable to any of the USB type A con-
nectors of the analyzer. Connect the USB type B connector of the USB cable to the
USB type B connector of the calibration unit.

4. Wait until the operating system has recognized and initialized the new hardware.
When the unit is connected for the first time, this may take longer than in normal
use.

The unit is ready to be used, see Chapter 4.5.5.2, "Performing an automatic calibra-
tion", on page 209.

@ Recommended use
® The calibration unit is intended for direct connection to R&S ZNA network ana-
lyzers following the procedure described above. You can also connect the unit
before switching on the analyzer. Do not connect the unit to other USB hosts, e.g.
a PC, or insert any USB hubs between the analyzer and the unit, as this may dam-
agethe unit or the host.

® You can connect several calibration units to the different USB ports of the analyzer.
You can also connect cal units and other devices (mouse, USB memory stick etc.)
simultaneously.

® An unused calibration unit may remain connected to the USB port while the net-
work analyzer is performing measurements. It must be disconnected during a firm-
ware update.

® |tis safe to connect or disconnect the calibration unit while the network analyzer is
operating. Never connect or disconnect the unit while data is being transferred
between the analyzer and the unit. Never connect the unit during a firmware
update.
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4.5.5.2 Performing an automatic calibration

After connection and initialization of the calibration unit, define an automatic calibration
in the calibration setup dialog; see Chapter 5.11.1.4, "Calibration setup dialog",

on page 588), Then perform the automatic calibration of the related test ports using the
calibration wizard; see Chapter 5.11.1.3, "Calibration wizard", on page 579. The wizard
indicates the required port (re-)connections.

O The assignment between the analyzer ports and the cal unit ports can be detected
= automatically. If auto-detection fails (e.g. because of a high attenuation in the signal
path), you can either enter the port assignment manually or connect matching port
numbers and select "Default Port Assignment".

When finished, remove the test cables from the unit, connect your DUT instead and
perform calibrated measurements.

@ Accuracy considerations
To ensure an accurate calibration, please observe the following items:
® Unused ports of the calibration unit must be terminated with a 50 Q match.

® No adapters must be inserted between the calibration unit and the test ports of the
analyzer.

® Allow for a sufficient warm-up time before starting the calibration. Refer to the
specifications of the calibration unit for details.

® To ensure best accuracy, the analyzer automatically reduces the source power to
-10 dBm. If the test setup contains a large attenuation, deactivate "Auto Power Set-
ting for Cal Unit" in the "Calibration" tab of the "System Config" dialog. Ensure an
input power of -10 dBm at the ports of the calibration unit (please also refer to the
specifications of the calibration unit).

Maximum RF input power

The maximum RF input power of the calibration unit is beyond the RF output power
range of the analyzer, so there is no risk of damage if the device is directly connected
to the test ports. If you use an external power amplifier, make sure that the maximum
RF input power of the calibration unit quoted in the data sheet is never exceeded.

The available calibration types depend on the number of ports to be calibrated. For a
single calibrated port, the reflection calibration types are available ("Refl Norm Open",
"Refl Norm Short", "Refl OSM").

For n>1 ports to be calibrated, the analyzer provides the following additional calibration
types:

® A full n-port (TOSM or UOSM) calibration for n calibrated ports.

® n full one-port calibrations.
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® (n— 1) one path two port calibrations for n calibrated ports (all possible 2-port com-
binations from the "Node Port" to any other port). The node port is the source port
for each one path two port calibration (fully calibrated port).

® (n-1) transmission normalizations (bidirectional, forward or reverse) for n calibra-
ted ports (all possible 2-port combinations from the first port to any other port).
"Forward" transmission normalization means that the signal direction is from the
ports with the lower numbers to the port with the higher numbers.

Example:

Select ports no. 1, 2, 3. A forward transmission normalization calibrates the S-parame-
ters S,q, S3¢, and S3,. A reverse transmission normalization calibrates the S-parame-
ters Sy5, Sy3, and S,;. A bidirectional transmission normalization calibrates all six trans-
mission S-parameters.

4.5.5.3 Characterization of calibration units

Each calibration unit is delivered with factory characterization data which ensure an
accurate calibration for all standard applications. For specific modifications of the test
setup, e.g. the connection of additional adapters to a calibration unit, a modified set of
characterization data (suitable for the cal unit with adapters) may be desirable. The
R&S ZNA provides a characterization wizard which you can use to generate your own
characterization data sets for (modified) R&S cal units. The characterization data can
be stored in the cal unit and used for automatic calibration whenever needed.

A cal unit characterization can be performed in a frequency sweep. The network ana-
lyzer must be properly calibrated, with the reference plane at the input ports of the
(modified) cal unit to be characterized.

The procedure involves the following steps:

1. Perform a calibration of your network analyzer, using the test setup and the calibra-
tion type you wish to perform with your calibration unit.

2. Connect the calibration unit to the network analyzer.

3. Access the "Characterize Cal Unit" dialog (Channel — [Cal] > "Cal Devices" >
"Characterize Cal Unit...") and select "Start Characterization...".

4. Step through the "Characterization" wizard, following the instructions in the dialogs.

Dependency between calibration types and characterization data

A cal unit characterization provides full one-port (OSM) data at the selected ports plus
two-port (Through) data between any pair of selected ports. The measurement of
Through data is optional, however, it is required for some calibration types. The follow-
ing table gives an overview.
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Calibration type Characterization data required
Refl Norm Open OSM CalPort 1, OSM CalPort2 ... (all calibrated
Refl Norm Short ports)
Refl OSM
UosMm
TOSM
Trans Norm Both OSM CalPort 1, OSM CalPort2 ... (all calibrated
Trans Norm Forward ports), Through (between all pairs of ports)
One Path Two Ports

4.5.5.4 Inline calibration

Any disturbance of the measurement setup after the calibration process inevitably pro-
duces errors. If a massive system error correction is required, e.g. if long RF cables
with high damping are used, those disturbances can lead to inaccurate and unreprodu-
cible measurement results. Especially in remote scenarios, such as measurements in a
thermal vacuum chamber (TVAC), a recalibration using traditional calibration kits or
calibration units is a costly and time consuming process.

The Rohde & Schwarz inline calibration system (ICS) R&S ZN-Z3x allows recalibrating
a running measurement setup without mechanically changing it. For each DUT port, an
inline calibration unit (ICU) is inserted between the corresponding VNA test port and
the DUT. The ICU remains within the signal path throughout the measurement (low-

loss through path) and, on request of the VNA, performs a full one-port calibration
(OSM) in-situ.

For n-port measurements with n>2, an initial n-port calibration of the test setup has to
be done.

Figure 4-9: ICU R&S ZN-Z32

Control connections are established via a central Inline Calibration Controller (ICC)
with:

® 2 CAN bus interfaces for connecting the ICUs

® USB and LAN interface for remote control (from the R&S ZNA or a standard Win-
dows PC)
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Figure 4-10: ICC R&S ZN-Z30

For more information, see the R&S ZN-Z3x product pages at https://www.rohde-
schwarz.com/product/NetworkAnalyzer Acc_ZNZ3.
Firmware integration

The control connection between R&S ZNA and ICC is established via USB. After the
VNA firmware has detected the ICC, it requests information about connected ICUs
from the ICC.
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Because the ICC does not support hot plugging of ICUs, connect the ICUs to the ICC
before connecting the ICC to the R&S ZNA.

The VNA firmware supports:
® Pulling characterization data for the connected ICUs from the ICC

® Interpolation and extrapolation of factory ICU characterization data to match the
current ICU temperature

® Performing user characterizations of ICUs:

— Embedding the Through standard of the ICU into its Open, Short, and Match
standards

— Storing the resulting characterization on the ICU
® Performing full n-port system calibrations using n ICUs
® Performing system (re-)calibrations

o ® The characterization and calibration functionality for standard calibration units is
= also used for ICUs.

® Embedding the Through into the ICU's OSM standards is necessary, because the
ICU remains in situ. For this reason, during ICU characterizations the Through
measurement is mandatory.

Workflow
1. Configure the ICS as required, connecting all the ICUs to the ICC via CAN bus.
2. Connect the ICC to the VNA via USB.

3. Perform user characterizations of the connected ICUs (optional).

a) Attach the cabling/adapters that are required to connect both ports of an ICU to
the VNA.

b) Calibrate this setup using a manual calibration kit or a calibration unit — without
connecting the ICUs

c) Connect the ICUs and proceed with the user characterization.

4. Perform an initial (automatic) calibration of your test setup.

a) Select the ICS as calibration unit.

b) Assign the correct ICUs to the related ports.

c) Select suitable characterization data for each ICU.

d) For factory characterizations, activate temperature compensation (optional).
e) Start the calibration.
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5. Connect the DUT to the calibrated setup and perform the required measurements.

6. Refresh the calibration in situ, whenever required.

a) Restart the calibration.
b) Perform OSM measurements.
c) Skip Through measurements.

4.5.5.5 Calibration validation

This feature allows you to validate the active channel calibration against the expected
result from a stored characterization. It requires an R&S calibration unit.

tion units.
Cal validation works with 2- and 4-port calibration units.

@ ® (Cal validation works with at most 4 calibrated ports and with 2- and 4-port calibra-

Currently, cal validation is limited to automatic calibrations. Furthermore, the same
calibration unit has to be used for calibration and validation.

Calibration validation provides an automated, single-click (basic) mode, and an

advanced mode for detailed validation and adjustment of limit tolerances, reporting,
and SCPI automation.
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Basic mode

When "Cal Validation" is launched for the first time, it runs in basic mode. In this mode,
the R&S ZNA automatically detects the instrument ports connected to the cal unit, and
only validates connected ports. Thus, if a 2-port cal unit is connected to a 4-port cali-
brated channel, only the two connected instrument ports are validated against the cal

unit.

Trcl [EGHl dB Mag 5 dB/Ref-5dB Cal [EHl Phase unwrap 500°/ Ref-2500° Cal

Factory_1 dBMag 5 dB/Ref-5dB c Phase unwrap 500°/ Ref -2500°

|

Chl Start 10MHz  Pwr -10dBm Bw 10kHz 435GHz |[Chl Start T0MHz  Pwr -10dBm Bw kHz Stop 43.5 GHz

5] Automatic Validation

Validate

Press the Validate button
to run Cal Validation

Detect Port Advanced
Assignment Mode dr= e HED

Cal Validation

The validation logic proceeds through the connected ports p € {1, ..., 4} in ascending
order, measuring S, for the Open, Short and Match standard. It then compares the

measured S, values with the corresponding reflection S parameters of the cal unit's
factory characterization. The on-screen feedback indicates success ("PASS", failure
("FAIL") or provides a warning about undetected ports.
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y_2 il Phase unwrap 500°/ Ref-2500°

v_1 [BHl dBMag 5 dB/Ref 5 dB

10 kHz Stop 43.5 GHz

GHz [Ch1 Start 10MHz  Pwr -10dBm Bw

Chl Start 10MHz  Pwr -10dBm Bw 10kHz

4%, Automatic Validation

Port 2

Comparing Open

Detect Port Close 0 Help

Assignment

Cal Validation

For a channel with more calibrated ports than cal unit ports available, you can change
the port assignments and rerun the automated validation. Or you can switch to
advanced mode and validate each port manually.

Advanced mode

In advanced mode you can configure the validation settings (reference characteriza-
tion, deviation limits) and run or rerun particular measurements (reflection at port p with

connected Open, Short or Match).

Manual Validation
- Measurement Characterization Preferences

511 FEE) Auto Scale
Port 1 Port 2
Average On

Format
Validation Limits Mag/Phase ~

Calibration Standard

Open Limits...

Detect Port
Assignment

Cal Validation

4.5.5.6 Multiple port assignments

With multiple port assignments, you can calibrate port groups of any size, no matter
how many ports your calibration unit (or cal unit characterization) has. For example,

you can use a 2-port calibration unit to perform a full 4-port calibration.

User Manual 1178.6462.02 — 30 216



R&S®ZNA Concepts and features

Calibration

the calibration units. However, the method entails some loss of convenience because
you have to reconnect the calibration unit between the different calibration stages
(assignments). It can also cause a loss of accuracy because only a subset of all possi-
ble through connections is measured.

@ The multiple port assignment method considerably extends the range of applications of

To calibrate n test ports with an m-port calibration unit (m<n), the calibration unit has to
be connected at least n/m times. Each connection is described by its "port assign-
ment", i.e. the mapping of calibration unit ports to test ports. Then for each assignment
an automatic calibration is performed. Finally the analyzer combines the calibration
data and calculates the required n-port error terms.

This calculation is possible if and only if:
® The port assignments "cover" the calibrated test ports

® The overlap between assignments allows a(n ordered) "chain of measured through
connections" between any (ordered) pair of test ports requiring a Through mea-
surement

For full n-port calibrations, to calculate the correction terms for those test port pairs that
are not covered by a single assignment, the R&S ZNA applies the "reduced through"
logic. See Chapter 4.5.1.11, "Full n-Port calibration with reduced number of Through
connections", on page 197. Depending on the calibration type, a "minimal" valid and
complete solution can be described as follows:

Calibration Minimal solution Default solution (minimal)

type

Full One Port Each calibrated test port must appear in exactly one | Subdivide the n test ports into
port assignment. groups of m ports with increasing

port numbers. Create a separate
port assignment for each group.

One Path Two ®  The node port must be included in all port Assign the node port to port 1 of

Port assignments the calibration unit. Subdivide the
®  Each of the n-1 other calibrated test ports must | remaining n—1 test ports into

appear in exactly one port assignment groups of m—1 ports and create a

Additional condition: The calibration unit port separate port assignment for each
assigned to the node port must be the same in all group.
assignments. This condition minimizes the number Leave port 1 of the calibration unit
of port reconnections between the calibration connected to the node port and
stages. connect the remaining ports of

each port group to the remaining
ports of the calibration unit.

Full n-Port ® the two generic conditions stated above (with Same as for One Path Two Port
"unordered Throughs") calibrations, using the test port
® the number of assignments must be as small with the lowest number as "node
as possible port".

Additional condition: The cal unit port assigned to a | (Every other calibrated port could
given test port must be the same in all assignments. | serve as "node port")

Again, this condition minimizes the number of port
reconnections between the calibration stages.

Among the minimal ones, the "star-shaped" solutions with fixed (but arbitrary) "node
port" are also optimal w.r.t. the (average) length of the "Chain of Throughs" and hence
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the accuracy of the calculated Throughs. Additional port assignments can improve the
accuracy, if they add more measured through connections.

@ For full n-port calibrations, an extra assignment is required if:
® An external switch matrix is used
® You want to calibrate 3 or more test ports of the same submatrix
® Only 2 cal unit ports are available
Starting with the minimal solution (as explained above), create an additional 2-port

assignment for a pair of ports that was previously not covered by a single, but by two
assignments.

See Chapter 4.7.41, "External switch matrices", on page 326 for background informa-
tion on switch matrices and their submatrices.

Example:

The following examples show minimal port assignments for a Full 9-Port calibration
using a four-port calibration unit:

Table 4-13: Full 9-port calibrations: star-shaped optimum solution

Test Port Assignment 1 Assignment 2 Assignment 3
1 Cal Unit Port 1 Cal Unit Port 1 Cal Unit Port 1
2 Cal Unit Port 2 - -
3 Cal Unit Port 3 - -
4 Cal Unit Port 4 - -
5 - Cal Unit Port 2 -
6 - Cal Unit Port 3 -
7 - Cal Unit Port 4 -
8 - - Cal Unit Port 2
9 - - Cal Unit Port 3

Table 4-14: Full 9-port calibrations: line-shaped optimum solution

Test Port Assignment 1 Assignment 2 Assignment 3
1 Cal Unit Port 1 - -
2 Cal Unit Port 2 - -
3 Cal Unit Port 3 - -
4 Cal Unit Port 4 Cal Unit Port 4 -
5 - Cal Unit Port 1 -
6 - Cal Unit Port 2 -
7 - Cal Unit Port 3 Cal Unit Port 3
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Test Port Assignment 1 Assignment 2 Assignment 3
8 - - Cal Unit Port 1
9 - - Cal Unit Port 2

4.5.6 Scalar power calibration

The purpose of a scalar power calibration is to ensure accurate source power levels
and power readings at a particular position (calibration plane) in the test setup. Scalar
power calibration is different from the system error correction described in Chapter 4.5,
"Calibration", on page 186.

A power calibration is required for accurate measurement of wave quantities or ratios
(see section Chapter 4.1.7, "Data flow", on page 120). For best accuracy, choose a cal-
ibration method according to the table below.

O Calibration of S-parameters

S-parameters are not affected by a scalar power calibration. S-parameters are ratios of
incident and outgoing waves: for linear DUTs, they do not depend on the absolute
power. For measurements on non-linear DUTs, a SMARTerCal is recommended.

A SMARTerCal is also appropriate for frequency conversion measurements. For
detailed information, refer to Chapter 4.5.7, "SMARTerCal", on page 224.

Table 4-15: Recommended calibration methods for various measurements

Measurement System error correction | Scalar Power calibration SMARTerCal
S-parameter meas. on linear Yes Not necessary Not necessary
DUTs

S-parameter meas. on non-lin- | Not possible Yes Yes"

ear DUTs --> Use SMARTerCal Power (source) and meas. receiver, sup-

ported in combination with SMARTerCal

Meas. of wave quantities or Not possible Not necessary Yes
ratios on linear DUTs > Use SMARTerCal

Meas. of wave quantities or Not possible Yes Yes
ratios on non-linear DUTs --> Use SMARTerCal Power (source) and meas. receiver, sup-

ported in combination with SMARTerCal

Power sweep, e.g. for com- Yes Power (source): Yes Not necessary

pression point measurement Meas. receiver: not necessary

Frequency conversion mea- Not possible Not necessary Yes
surements on linear DUTs —-> Use SMARTerCal
Frequency conversion mea- Not possible Yes Yes

surements on non-linear DUTs | _, ;s¢ sMARTerCal Power (source) and meas. receiver, sup-

ported in combination with SMARTerCal
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In general, a power calibration involves two stages:

1. Source power calibration: An external power meter is connected to the calibra-
tion plane. The analyzer uses the power meter readings to calibrate its reference
receiver. Subsequently, it modifies its source power so that the calibrated reference
receiver reading corresponds to the desired source power value (flatness calibra-
tion).

Tip: It is also possible to perform the source (flatness) calibration using the power
meter (without previously calibrating the reference receiver).

This is particularly suitable if a source and a reference receiver from different VNA
ports are combined via Direct generator/receiver access (and redefined physical
ports).

2. Measurement receiver calibration: The analyzer uses the calibrated source sig-
nal to adjust the power reading at the receive port.

4.5.6.1 Source power calibration

A source power calibration ensures accurate power levels of the generated waves at
an arbitrary calibration plane in the measurement path. Typically the calibration plane
corresponds to the input of the DUT.

In a frequency sweep, the power at the calibration plane is maintained at a constant
"Cal Power" value. The source power calibration eliminates frequency response errors
in the signal path between the source and the calibration plane. It is possible to intro-
duce an arbitrary attenuation or gain into the signal path so that the cal power is not
restricted to the power range of the source. A typical application for a power calibration
in a frequency sweep is the measurement of the gain of an amplifier across a fre-
quency range but at a fixed input power.

In a power sweep, the power calibration ensures that the power at the calibration plane
is either constant or a linear function of the stimulus power. A typical application for a
power calibration in a power sweep is the measurement of the gain of an amplifier
across a power range but at a fixed frequency. The correction data acquired in a fre-
quency or power sweep is re-used if a "Time" or "CW Mode" sweep is activated.

Calibration procedure

The source power calibration requires an external power meter, to be connected via
GPIB bus, USB or LAN interface. The power sensor can be connected directly at the
calibration plane or to any other point in the test setup where the signal power is known
to be proportional to the power at the calibration plane.

By default, the source power calibration involves several steps:

1. Reference receiver calibration: The analyzer performs a first calibration sweep at
the source power that is likely to produce the target power ("Cal Power") at the cali-
bration plane. A known attenuation or gain at the source port and in the signal path
between the source port and the calibration plane can be specified:
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The power which the external power meter measured at the calibration plane is
displayed in the calibration sweep diagram, together with the reference receiver
reading. The firmware uses the difference between the two traces to correct the
reference receiver reading.

2. Internal source power flatness calibration: In the following steps, the calibrated
reference receiver is used to adjust the source power. To this end, the VNA per-
forms a series of calibration sweeps at varying source power until the number of
"Total Readings" is reached or until the deviation between the calibrated reference
receiver power and the cal power is below a specified "Tolerance". The external
power meter is no longer used for these repeated calibration sweeps; everything is
based on the previously calibrated reference receiver. This speeds up the calibra-
tion procedure but does not impair its accuracy.

Tip: It is also possible to perform the source (flatness) calibration using a power
meter (without previously calibrating the reference receiver).

3. After the flatness calibration, the VNA performs an additional verification sweep to
demonstrate the accuracy of the calibration.

After the source power calibration, one can expect the power at the calibration plane to
be within the range of uncertainty of the power meter. The reference receiver reading
corresponds to the calibrated source power. After a change of the sweep points or
sweep range, the analyzer interpolates or extrapolates the calibration data; see Chap-
ter 4.5.6.3, "Power calibration labels", on page 222.

4.5.6.2 Measurement receiver calibration

A measurement receiver calibration ensures that the power readings at a specified
receive port of the analyzer (b-waves) agree with the source power level calibrated at
an arbitrary calibration plane. Typically, the calibration plane is at the input of the
receiver so that the calibration eliminates frequency response errors in the calibrated
receiver.

In contrast, the reference receiver calibration ensures correct power readings for the
generated waves (a-waves).
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A measurement receiver calibration generally improves the accuracy of power (wave
quantity) measurements. The correction data acquired in a frequency or power sweep
is re-used if a "Time" or "CW Mode" sweep is activated.

Calibration procedure

The measurement receiver calibration is based on a received wave b, with known

power. The calibration involves a connection to a (previously source power-calibrated)
source port.

The received wave to calibrate can be generated by a different analyzer port P, (m *
n) or by an external generator. Alternatively, it is possible to connect an Open or Short
standard to port P,;: The measurement receiver is calibrated using the reflected wave
an.

The measurement receiver calibration involves a single calibration sweep. The calibra-
tion sweep is performed with current channel settings but with a maximum IF band-
width of 10 kHz. Smaller IF bandwidths are maintained during the calibration sweep;
larger bandwidths are restored after the sweep. The analyzer measures the power at
each sweep point, compares the result with the nominal power of the source, and com-
piles a correction table.

At the end of the calibration sweep, a checkmark symbol next to the calibrated source
indicates the status of the measurement receiver calibration. After a change of the
sweep points or sweep range, the analyzer interpolates or extrapolates the calibration
data.

4.5.6.3 Power calibration labels

Power calibration labels in the trace list for wave quantities and ratios inform you about
the status and type of the current scalar power calibration. The labels appear in the fol-
lowing instances:

® For a-waves, if a source power calibration is available.
® For b-waves, if a measurement receiver power calibration is available.

® For ratios between a- and b-waves, if both a source power and a measurement
receiver power calibration is available.
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@ Calibration of S-parameters
S-parameters and derived quantities (e.g. impedances, admittances, stability factors)
are assumed to be linear; otherwise they must be corrected by a SMARTerCal.

Therefore, a scalar power calibration is not applied to S-parameters and derived quan-
tities; no power calibration labels appear in the trace list.

Table 4-16: Power calibration labels

Label Meaning

PCal A scalar power calibration is available and applied without interpolation or extrapola-
tion (see below).

This means that a set of measured correction data is available at each sweep point.

PCai The power calibration is applied, however, the correction data for at least one sweep
point is interpolated from the measured values. This means that the channel settings
have been changed so that a current sweep point is different from the calibrated
sweep points. It is not possible to disable interpolation.

PCao The power calibration is applied, however, the source power (channel base power)
was out of tolerance.

PCax The power calibration is applied, however the calibration data is extrapolated. The
current stimulus range exceeds the calibrated stimulus range. The power calibration
data of the first calibrated sweep point is used for all smaller stimulus values; the
power calibration data of the last calibrated sweep point is used for all larger stimulus

values.
PCaxllijo|x> S Like PCaxl|ilo|x>, but only a source flatness calibration is available
PCaxllijo|]x> R Like PCaxl|ilo|x>, but only a receiver calibration is available
PCal Off The power calibration is no longer applied (e.g. deliberately turned off in the "Calibra-

tion > Use Cal" softtool panel).

A lower label in the list has priority over the higher labels (e.g. if the power calibration is
interpolated and the source power is changed, then the label PCao is displayed).

Interpolation and extrapolation

The analyzer can interpolate and extrapolate power correction data so that a source or
receiver power calibration can be reused after a change of the frequency sweep range:

® At new sweep points within the calibrated sweep range, interpolation is applied to
calculate the correction data. A label "PCai" in the trace list indicates an interpola-
ted power calibration.

® At new sweep points outside the calibrated sweep range, the correction values are
extrapolated: Sweep points below the lowest calibrated frequency are assigned the
correction value of the lowest frequency. Sweep points above the highest calibra-
ted frequency are assigned the correction value of the highest frequency. A label
"PCax" in the trace list indicates an extrapolated power calibration.

4.5.6.4 Extended test setups

The power calibration data can be modified to account for an additional two-port device
in the test setup. The known transmission coefficients of the two-port can be entered
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manually or automatically (Channel — [Cal] > "Power Cal Settings" > "Transm. Coeffi-
cients..."). The R&S ZNA supports two different test scenarios.

I :Ealjbration
WNAPOrt ! ol
o—¢—| wo |4 DUt
i e T | Power Meter
! :CDnnec'ﬁon Plane

Twe Port Config... Twe Port Config...

A: Two-port at DUT (during measurement)

Test and measurement procedure:

1. Perform the calibration without the additional two-port. During the calibration, the
analyzer decreases the power sensor values by the 2-port transmission coefficients
to move the calibration plane of the power calibration towards the input of the DUT.
The calibration plane corresponds to the output of the 2-port which is placed in-
between the network analyzer port and the DUT.

2. Perform the measurement with the additional two-port.
Practical example: On-wafer measurements. The power sensor cannot be directly

connected to the input of the DUT. The transmission coefficients of the wafer probe are
used for the power meter correction.

B: Two-port at power meter (during calibration)

Test and measurement procedure:

1. Perform the calibration with the additional two-port between the analyzer port and
the power sensor. During the calibration, the analyzer increases the power sensor
values by the 2-port transmission coefficients to move the calibration plane of the
power calibration towards the input of the DUT. The calibration plane corresponds
to the input of the additional 2-port.

2. Perform the measurement without the additional two-port.
Practical example: An adapter or attenuator with known attenuation is needed to con-

nect the power sensor to the test port of the network analyzer. The transmission coeffi-
cients of the adapter are used for the power meter correction.

4.5.7 SMARTerCal

A SMARTerCal (smarter calibration) is a combination of a "One Path Two Ports" or a
full n-port system error correction (TOSM, UOSM, Adapter Removal, TRL, TNA ...) for
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two or more ports with a (scalar) receiver power calibration at a single port. The two
calibration methods serve different purposes:

® The system error correction requires a set of calibration standards; it provides vec-
tor error-corrected S-parameters. For equal port frequencies, the n-port calibration
types provide the full set of error terms. For frequency conversion measurements,
a source match correction and (optional) load match correction is calculated.

® The receiver power calibration requires an external power meter; it corrects the
power readings of the reference and measurement receivers according to the mea-
sured absolute power at the calibration plane. This does not include a readjust-
ment of the actual source power (flatness calibration).
Example: Channel base power: —10 dBm); the test setup involves a 3-dB attenua-
tion between the source port and the calibration plane. After the power calibration
is applied, the analyzer indicates an output power (a-wave) of —13 dBm, although
the actual source power remains at =10 dBm.

The SMARTerCal is also applied to ratios and wave quantities. For measurements on
linear DUTs, SMARTerCal is sufficient. Non-linear measurements can be further
improved by a combination of a SMARTerCal plus a scalar power calibration. See
Combining SMARTerCal with scalar power calibration.

For an overview of measurements and recommended calibration methods refer to
Table 4-15.

4.5.7.1 Calibration procedure

A SMARTerCal is a fully menu-guided process which is performed like a regular sys-
tem error correction. The calibration wizard defines the calibrated ports and the calibra-
tion type; it also initiates the calibration sweeps for all calibration standards. The cali-
bration sweep for the external power meter is performed in analogy to a sweep for a
one-port calibration standard. However, the analyzer uses the "Reference Receiver Cal
Power" setting from the scalar power calibration. The order of the system error correc-
tion and power calibration sweeps is arbitrary; ensure that you always connect the
proper equipment.

The R&S ZNA also supports a SMARTerCal based on the calibration units. The cali-
bration units provide the n-port system error correction data (TOSM or UOSM); a sub-
sequent power calibration sweep completes the calibration.

4.5.7.2 Calibration types

The names of the SMARTerCal calibration types consist of a prefix "P" (indicating the
additional power calibration) plus the system error correction type. The R&S ZNA sup-
ports the SMARTerCal equivalent of all full n-port system error corrections; an overview
is shown below.
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Table 4-17: SMARTerCal calibration types

Calibration

SMARTerCal Type Based on ... Manual calibration Calibration unit
P-Ref Receiver = reference receiver 0
(Calibrate All only) Eiso%alar power) calibra-

P-Refl Norm Open Refl Norm Open
P-Refl Norm Short Refl Norm Short
P-Refl Norm OSM OSM
P-Trans Norm Trans Norm
P-Trans Norm Both Trans Norm Both % 7}
P-One Path Two Ports One Path Two Ports v %
PTOSM TOSM | |
PUOSM UOSM
PTRL TRL ]
PTOM TOM m|
PTSM TSM ]
PTRM TRM O
PTNA TNA O
P-Adapter Removal Adapter Removal 0O

The selection criteria for the SMARTerCal calibration types are identical to the criteria
for system error corrections. For an overview, refer to Chapter 4.5.1, "Calibration

types", on page 187.

Combining SMARTerCal with scalar power calibration

As described in Chapter 4.5.7, "SMARTerCal", on page 224, the power meter results of
a SMARTerCal are only used to calibrate the receivers of the R&S ZNA. To obtain defi-
nite source power levels, you can combine the SMARTerCal with an additional scalar

source power calibration.

The scalar source power calibration and the SMARTerCal can be performed in any
order. As a result of the combined calibration, the R&S ZNA measures vector error-cor-
rected S-parameters; the scalar power correction is applied to wave quantities and
ratios. Notice that this provides different values, e.g., of S,4 and the ratio b,/a,. The flat-
ness calibration step of the scalar source calibration ensures accurate input powers at

the DUT.

A combined SMARTerCal and scalar power calibration is also appropriate for fre-
quency conversion measurements on non-linear DUTs. For linear measurements,
where the actual input power at the DUT is not critical, a SMARTerCal is sufficient.
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Calibration labels

The status and type of the SMARTerCal is indicated in the trace list, in analogy to a

system error correction (see Chapter 4.5.4, "Calibration state labels", on page 206).
The calibration labels for a SMARTerCal consist of a prefix "S" plus the system error
correction labels.

Table 4-18: Calibration labels (SMARTerCal)

Label Meaning

SCal The SMARTer Cal is applied without interpolation. This means that a set of measured
correction data is available at each sweep point.

SCal int The SMARTer Cal is applied, however, the correction data for at least one sweep
point is interpolated from the measured values. This means that the channel settings
have been changed so that a current sweep point is different from the calibrated
sweep points. It is not possible to disable interpolation.

Cal Off The SMARTer Cal is no longer applied (e.g. "User Cal Active" is disabled). See also
"Cal Off label" on page 187.

The receiver power calibration included in the SMARTerCal is not indicated separately.
If a SMARTerCal is combined with an additional scalar source power calibration (see
Chapter 4.5.7.3, "Combining SMARTerCal with scalar power calibration", on page 226),
the trace list may contain an addition power calibration label according to Chap-

ter 4.5.6.3, "Power calibration labels", on page 222.

Trcl al{P1) Lin Mag 100 pW/ Ref 1 mW Cal Off PCal

Parallel calibration of multiple channels

If multiple channels are configured in the active recall set, clearly they can be calibra-
ted one after the other, but this can be inefficient in terms of necessary reconnections
of calibration standards (or calibration units).

The R&S ZNA offers multiple possibilities to calibrate several channels in parallel:

® The "Calibrate All" function supports parallel calibration of multiple channels. For
each channel and port set, a different calibration, and even multiple calibrations
can be configured. During the calibration phase, the number of connections of cal
standards/cal devices is minimized.
For some measurement/channel setup dialogs, when the measurement configura-
tion is applied, a default calibration configuration for the involved channels and
ports is created.
"Calibrate All" supports all Chapter 4.5.1, "Calibration types", on page 187 calibra-
tion types —excluding scalar power calibration. Use a suitable SMARTerCal instead.

® Calibrate multiple channels in one go, using the same calibration type on the same
ports for all channels
In this case, for each port to be calibrated the same calibration standards have to
be connected. After connecting one of these standards, a calibration sweep has to
be performed for each channel.
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This simple mode of parallel calibration is supported from the analyzer GUI ("Cali-
brate all Channels" checkbox in all calibration wizards) and via remote control (see
[SENSe:]CORRection:COLLect :CHANnels:ALL on page 1390).

e (Calibrate a subset of the available channels, possibly using different ports and cali-
bration types, using remote control.
In this case, for each port to be calibrated a different set of calibration standards
might be required. For each of these standards only a subset of the available chan-
nels might have to be swept. See [SENSe:]CORRection:COLLect :CHANnels:
MCTYpes on page 1391.
This advanced mode of parallel calibration is available via remote control only .

4.5.9 Joining calibrations

The "JoinCal" functionality of the analyzer firmware allows you to join two calibrations
from an active channel or the calibration pool. The resulting calibration can replace one
of the joined calibrations, can be stored in a new channel, or added to the calibration
pool.
® Frequency range join
Joins calibrations of the same port set, but with different overlapping frequency
ranges. The resulting calibration is of the same kind and applies to the same port
set, but covers the joint frequency range.

® Port set join
Joins calibrations with the same frequency range, but with different port sets. The
resulting calibration is of the same kind and covers the same frequency range, but
applies to the joint port set
Calibrations on additional frequency axes in the second input calibration are copied
to the output calibration.

4.6 Offset parameters and de-/embedding

The R&S ZNA functionality described in this section complements the calibration, com-
pensating for the effect of known transmission lines or matching networks between the
calibrated reference plane and the DUT.

4.6.1 Offset parameters
Offset parameters compensate for the known length and loss of a (non-dispersive and

perfectly matched) transmission line between the calibrated reference plane and the
DUT.
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The analyzer can also auto-determine length and loss parameters, assuming that the
actual values should minimize the group delay and loss across a configurable fre-
quency range.

4.6.1.1 Definition of offset parameters

The delay is the propagation time of a wave traveling through the transmission line.
The electrical length is equal to the delay times the speed of light in the vacuum. It is a
measure for the length of the transmission line between the standard and the actual
calibration plane. For a line with permittivity €, and mechanical length L., the delay

and the electrical length are calculated as follows:

Lmec : Er .
Delay = h—f; Electrical Length = Lyech - \/€r

C

For a non-dispersive DUT, the delay defined above is constant over the considered fre-
quency range and equal to the negative derivative of the phase response for the fre-
quency (see mathematical relations). The length offset parameters compensate for a
constant delay, which is equivalent to a linear phase response.

4.6.1.2 Definition of loss parameters

The loss is the attenuation a wave experiences when traveling through the transmis-
sion line. In logarithmic representation, it can be modeled as the sum of a constant and
a frequency-dependent part, where the frequency dependence is due to the skin effect.

In the limit case, where the length of the transmission line is considered to be "almost
zero", the loss is considered constant:

Loss(f) = Losspc

Otherwise, if the loss at DC and one additional frequency f; is known (or measured),
the loss at frequency f is approximated by:

A
fi

If in addition the loss at a second frequency f, is known (or measured), then the loss
can be approximated by:

Loss(f) = Losspc + (Loss(f1) — Losspc) -

Loss(fi1)—Losspc
Loss(f2)—Losspc

)

1\’ logyg (
Loss(f) = Losspc + (Loss(f1) — Losspc)- <f_> , where b=
1

logyg (}%)

User Manual 1178.6462.02 — 30 229



R&S®ZNA Concepts and features

Offset parameters and de-/embedding

In practice, the frequency-dependent part ist often dominant, so that Losspc can be set

to zero. Experimentally, the loss value at DC can be determined in a separate mea-
surement at a very low frequency (f --> 0).

4.6.1.3 Auto Length

The "Auto Length" function adds an electrical length offset to the active trace's receive
port, such that the residual delay of the active trace (defined as the negative derivative
of the phase response) is minimized across a configurable frequency range. If "Delay”
is the selected trace format, the entire trace is shifted in vertical direction and centered
on zero. In phase format, the "Auto Length" corrected trace shows the deviation from
linear phase.

Length and delay measurement, related settings

"Auto Length" is suited for length and delay measurements on transmission lines.

1. Connect a (non-dispersive) cable to a single analyzer port no. n and measure the
reflection factor S,,,..

2. In the Channel — [Offset Embed] > "Offset" softtool tab, select "Auto Length".

The delay is displayed in the "Delay" field, the cable length (depending on the
"Velocity Factor") in the "Mech. Length" field.

It is also possible to determine cable lengths using a transmission measurement. Note
that "Auto Length" always provides the single cable length and the delay for propaga-
tion in one direction.

The analyzer provides alternative ways for delay measurements:

1. Measure the reflection factor and select Trace — [Format] > "Delay".

This yields the delay for propagation in forward and reverse direction and should
be approx. twice the "Auto Length" result. For transmission measurements, both
results should be approx. equal.

2. Measure the reflection factor and select Trace — [Format] > "Phase". Place a
marker to the trace and activate Trace — [Trace Config] > "Trace Statistics" >
"Phase/El Length".

This yields the delay in one direction and should be approx. equal to the "Auto
Length" result.

The measurement results using trace formats and trace statistics functions depend on
the selected delay aperture and evaluation range. "Auto Length" is particularly accu-
rate because it uses all sweep points. For non-dispersive cables, aperture and evalua-
tion range effects are expected to vanish.

Use Trace — [Marker] > "Set by Marker" > Zero Delay at Marker to set the delay at a
special trace point to zero.

User Manual 1178.6462.02 — 30 230



R&S®ZNA Concepts and features

Offset parameters and de-/embedding

Preconditions for Auto Length, effect on measured quantities and exceptions

"Auto Length" is enabled if the measured quantity contains the necessary phase infor-
mation as a function of frequency, and if the interpretation of the results is unambigu-
ous:

® A frequency sweep must be active.

® The measured quantity must be an S-parameter, ratio, wave quantity, a converted
impedance or a converted admittance.

The effect of "Auto Length" on S-parameters, wave quantities and ratios is to eliminate
a linear phase response as described above. The magnitude of the measured quantity
is not affected. Converted admittances or impedances are calculated from the corre-
sponding "Auto Length" corrected S-parameters. Y-parameters, Z-parameters and sta-
bility factors are not derived from a single S-parameter, therefore "Auto Length" is dis-
abled.

Auto Length for logical ports

The "Auto Length" function can be used for balanced port configurations as well. If the
active test port is a logical port, then the same length offset must be assigned to both
physical ports that are combined to form the logical port. If different length offsets have
been assigned to the physical ports before, they are both corrected by the same
amount.

4.6.1.4 Auto Length and Loss

The "Auto Length and Loss" function determines all offset parameters at the active
trace's receive port such that the residual group delay of the active trace (defined as
the negative derivative of the phase response) is minimized and the measured loss is
minimized as far as possible across a configurable frequency range.

"Auto Length and Loss" involves a two-step procedure:

® An "Auto Length" correction modifies the phase of the measured quantity, minimiz-
ing the residual group delay. The magnitude of the measured quantity is not affec-
ted.

® The automatic loss correction modifies the magnitude of the measured quantity,
leaving the (auto length-corrected) phase unchanged.

Preconditions for Auto Length and Loss, effect on measured quantities and
exceptions

"Auto Length and Loss" is enabled if the measured quantity contains the necessary
phase information as a function of the frequency, and if the interpretation of the results
is unambiguous:

® A frequency sweep must be active.
® The measured quantity must be an S-parameter, ratio, wave quantity, a converted
impedance or a converted admittance.

The effect of "Auto Length and Loss" on S-parameters, wave quantities and ratios is to
eliminate a linear phase response and account for a loss as described above. Conver-
ted admittances or impedances are calculated from the corresponding "Auto Length
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and Loss" corrected S-parameters. Y-parameters, Z-parameters and stability factors
are not derived from a single S-parameter, therefore "Auto Length and Loss" is dis-
abled.

Calculation of loss parameters

The loss is assumed to be given in terms of the DC loss Lossp, the reference fre-
quency f., and the loss at the reference frequency Loss(f). The formula used in the

Auto Loss algorithm is similar to the formula for manual entry of the loss parameters
(see Chapter 4.6.1.2, "Definition of loss parameters", on page 229).

The result is calculated according to the following rules:
® The reference frequency f; is kept at its previously defined value (default: 1 GHz).

® The DC loss c is zero except for wave quantities and for S-parameters and ratios
with maximum dB magnitude larger than —0.01 dB.

® "Auto Length and Loss" for a wave quantity centers the corrected dB magnitude as
close as possible around 0 dBm.

e "Auto Length and Loss" for S-parameters and ratios centers the corrected dB mag-
nitude as close as possible around 0 dB.

The resulting offset parameters are displayed in the Channel — [Offset Embed] > "Off-
set" softtool tab.

Auto Length and Loss for balanced ports

The "Auto Length and Loss" function can be used for balanced port configurations as
well. If the active test port is a balanced (logical) port, then the same offset parameters
must be assigned to both physical ports that are combined to form the logical port. If
different offset parameters have been assigned to the physical ports before, they are
both corrected by the same amount.

4.6.1.5 Fixture Compensation

"Fixture Compensation" is an automated length offset and loss compensation for test
fixtures. The analyzer performs a one-port reflection measurement at each port,
assuming the inner contacts of the test fixtures to be terminated with an open or short
circuit.

"Fixture Compensation" complements a previous system error correction and replaces
a possible manual length offset and loss correction. For maximum accuracy, it is rec-
ommended to place the reference plane as close as possible towards the outer test fix-
ture connectors using a full n-port calibration. The "Fixture Compensation" is then car-
ried out in a second step, it only has to compensate for the effect of the test fixture con-
nections.

The following features can further improve the accuracy of the fixture compensation:

® "Direct Compensation" provides a frequency-dependent transmission factor
(instead of a global electrical length and loss).
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® "Open and Short" causes the analyzer to calculate the correction data from two
subsequent sweeps. The results are averaged to compensate for errors due to
non-ideal terminations.

Auto Length and Loss vs. Direct Compensation

"Auto Length and Loss" compensation is a descriptive correction type: The effects of
the test fixture connection are traced back to quantities that are commonly used to
characterize transmission lines.

Use this correction type if your test fixture connections have suitable properties in the
considered frequency range:

® The electrical length is approximately constant.
® The loss varies due to the skin effect.

"Direct Compensation" provides a frequency-dependent transmission factor. The
phase of the transmission factor is calculated from the square root of the measured
reflection factor, assuming a reciprocal test fixture. The sign ambiguity of this calcula-
ted transmission factor is resolved by a comparison with the phase obtained in an Auto
Length calculation. This compensation type is recommended for test fixture connec-
tions that do not have the properties described above.

A "Direct Compensation" resets the offset parameters to zero.

Open/Short vs. Open and Short compensation

A non-ideal "Open" or "Short" termination of the test fixture connections during fixture
compensation impairs subsequent measurements, causing an artificial ripple in the
measured reflection factor of the DUT. If you observe this effect, an "Open and Short"
compensation may improve the accuracy.

"Open and Short" compensation is more time-consuming because it requires two con-
secutive fixture compensation sweeps for each port, the first with an open, the second
with a short circuit. The analyzer automatically calculates suitable averages from both
fixture compensation sweeps to compensate for the inaccuracies of the individual
"Open and Short" compensations.

4.6.1.6 Application and effect of offset parameters

Offset and loss parameters can be particularly useful if the reference plane of the cali-
bration cannot be placed directly at the DUT ports, e.g. because the DUT has non-
coaxial ports and can only be measured in a test fixture. Offset parameters can also
help to avoid a new complete system error correction if a cable with known properties
has to be included in the test setup.

® A positive length offset moves the reference plane of the port towards the DUT,
which is equivalent to deembedding the DUT by numerically removing a (perfectly
matched) transmission line at that port.

® A negative offset moves the reference plane away from the DUT, which is equiva-
lent to embedding the DUT by numerically adding a (perfectly matched) transmis-
sion line at that port.
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The offset parameters are also suited for length and delay measurements; see Chap-
ter 4.6.1.3, "Auto Length", on page 230. In contrast to the embedding/deembedding
functions (see Chapter 4.6.2, "Embedding and deembedding”, on page 234) the
parameters cannot compensate for a possible mismatch in the test setup.

Each offset parameter is assigned to a particular port. The delay parameters affect the
phase of all measured quantities related to this port; the loss parameters affect their
magnitude. An offset at port 1 affects the S-parameters Sy, Sy, Sy, S34... Some quan-
tities (like the Z-parameters) depend on the whole of all S-parameters, so they are all
more or less affected when one S-parameter changes due to the addition of an offset
length.

To account for the propagation in both directions, the phase shift of a reflection param-
@ eter due to a given length offset is twice the phase shift of a transmission parameter. If,

at a frequency of 300 MHz, the electrical length is increased by 250 mm (A/4), then the

phase of S,, increases by 90 deg, whereas the phase of Sy increases by 180 deg.

Equivalent relations hold for the loss.

If the trace is displayed in "Delay" format, changing the offset parameters simply shifts
the whole trace in vertical direction.
The sign of the phase shift is determined as follows:

® A positive offset parameter causes a positive phase shift of the measured parame-
ter and therefore reduces the calculated group delay.

® A negative offset parameter causes a negative phase shift of the measured param-
eter and therefore increases the calculated group delay.

4.6.1.7 Offset parameters for balanced ports

The offset parameters can be used for balanced port configurations:
e (Offset parameters must be assigned to both physical ports of a logical port.

® "Auto Length" corrects the length offset of both physical ports of a logical port by
the same amount.

4.6.2 Embedding and deembedding

The R&S ZNA allows you to define virtual networks to be added to/removed from the
measurement circuit for a DUT with single ended or balanced ports. This concept is
referred to as embedding/deembedding.

The embedding/deembedding function has the following characteristics:

® Embedding and deembedding can be combined with balanced port conversion: the
(de-)embedding function is available for single ended and balanced ports.

® A combination of four-port and two-port networks (not necessarily both) can be
applied to balanced ports; two-port networks can be applied to single ended ports.
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® A combination of four-port and two-port networks can be applied to any pair of sin-
gle-ended ports. Moreover it is possible to combine several port pairs in an arbi-
trary order (port pair de-/embedding).

® Single-ended and/or balanced port (de-)embedding can be combined with ground
loop (de-)embedding. A ground loop models the effect of a non-ideal ground con-
nection of the DUT.

® Transformation networks can be defined by a set of S-parameters stored in a
Touchstone file or by an equivalent circuit with lumped elements.

® The same networks are available for embedding and deembedding.

4.6.2.1 Embedding a DUT

To be integrated in application circuits, high-impedance components like Surface
Acoustic Wave (SAW) filters are often combined with a matching network. To obtain
the characteristics of a component with an added matching network, both must be inte-
grated in the measurement circuit of the network analyzer.

The idea of virtual embedding is to simulate the matching network and avoid using
physical circuitry so that the analyzer ports can be directly connected to the input and
output ports of the DUT. The matching circuit is taken into account numerically. The
analyzer measures the DUT alone but provides the characteristics of the DUT, includ-
ing the desired matching circuit.

This method provides a number of advantages:
® The measurement uncertainty is not impaired by the tolerances of real test fixtures.

® There is no need to fabricate test fixtures with integrated matching circuits for each
type of DUT.

® (Calibration can be performed at the DUT's ports. If necessary, (e.g. for compensat-
ing for the effect of a test fixture) it is possible to shift the calibration plane using
length offset parameters.

4.6.2.2 Deembedding a DUT

Deembedding and embedding are inverse operations: A deembedding problem is
given if an arbitrary real network connected to the DUT is to be virtually removed to
obtain the characteristics of the DUT alone. Deembedding is typically used for DUTs
which are not directly accessible because they are inseparably connected to other
components, e.g. for MMICs in a package or connectors soldered to an adapter board.

To be numerically removed, the real network must be described by a set of S-parame-

ters or by an equivalent circuit of lumped elements. Deembedding the DUT effectively

extends the calibration plane towards the DUT ports, enabling a realistic evaluation of

the DUT without the distorting network. Deembedding can be combined with length off-
set parameters; see Chapter 4.6.1, "Offset parameters”, on page 228.

The simplest case of single port deembedding can be depicted as follows:
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Actual measurement / Actual measurement [
calibration plane calibration plane
I I |
I I |
I I |

e —  DUT | —

-2 2]
Extension of calibration Measurement results
plane due to deembedding after deembedding

4.6.2.3 Circuit models for 2-port networks

The lumped element 2-port transformation networks for (de-)embedding consist of the
following two basic circuit blocks:

® a capacitor connected in parallel with a resistor
® an inductor connected in series with a resistor

The 2-port transformation networks comprise all possible combinations of 2 basic
blocks, where either one block represents a serial and the other a shunt element or
both represent shunt elements. In the default setting the resistors are not effective,
since the serial resistances are set to 0 Q, the shunt resistances are set to 10 MQ and
the shunt inductances are set to 0 Siemens.

The first network is defined by its S-parameters stored in an imported two-port Touch-
stone file (* . s2p). No additional parameters are required.

2-Port
Data

— 2

The following networks are composed of a serial capacitance C or inductance L (as
seen from the test port), followed by a shunt L or C. They are named
Serial C, Shunt L / Serial L, Shunt C / Serial C, Shunt C /

Serial L, Shunt L.

ci L1 R1 ci L1 R1
- C1 R2 R2 -
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The following networks are composed of a shunt C or L (as seen from the analyzer
port), followed by a serial C or L. They are named Shunt C, Serial L /
Shunt L, Serial C / Shunt C, Serial C / Shunt L, Serial L.

L1 RT c1 c1 L1 R1
11 R1 R1 P
R2 C1 - R2 2 -

O At the GUI, the "capacitance C<i> in parallel with resistance R<i>" circuit blocks can be
= replaced by equivalent "capacitance C<i> in parallel with conductance G<i>" circuit
blocks.

In addition, there is also a Shunt 1, Shunt C circuit model available, where the
shunt C is defined as a capacitance C in parallel with a conductance G:

2 ke

®
[
[}

4.6.2.4 Circuit models for 4-port networks

The lumped element 4-port transformation networks for (de-)embedding consist of the
following two basic circuit blocks:

® A capacitor C connected in parallel with a resistor.
® An inductor L connected in series with a resistor.

The transformation networks comprise various combinations of 3 basic circuit blocks,
where two blocks represent serial elements, the third a shunt element. In the default
setting the resistors are not effective, since the serial Rs are set to 0 Q, the shunt Rs
are set to 10 MQ. Moreover, the serial elements can be replaced by imported 2-port S-
parameters, or the entire transformation network can be described by imported 4-port
S-parameters.

The first network is defined by its S-parameters stored in an imported four-port Touch-
stone file (* . s4p). No additional parameters are required.
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o

The following networks are composed of a shunt C or L and two serial elements,

described by imported 2-port S-parameters. They are named
Serial 2-port, Shunt C / Serial 2-port, Shunt L /

Shunt L, Serial 2-port / Shunt C, Serial 2-port

o D1 - D1 D1 ., D1 .
H H L1 L1 H H
C1 C1
R1 R1
D2 D2 N D2 D2
~— H a— H H o H o

The following networks are composed of two serial Cs or Ls (as seen from the analyzer
test port), followed by a shunt C or L. They are named Serial Cs, Shunt L /
Serial Ls, Shunt C / Serial Cs, Shunt C / Serial Ls, Shunt L.

ci L1 R1 ci L1 R1
R L 1o R e 13
C2 R3 C2 R3
R2 2 R2 RD 2 R2

The following networks are composed of a shunt C or L (as seen from the analyzer test
port), followed by two serial Cs or Ls. They are named Shunt L, Serial Cs /
Shunt C, Serial Ls / Shunt C, Serial Cs / Shunt L, Serial Ls.

c1 L1 R1 c1 L1 R1
. ki R3 Gl R3 a3 R -
R3 Cc2 Cc2 R3
R2 R2

L2 R2 L2 R2
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O Since FW version 1.93, the "capacitance C<i> in parallel with resistance R<i>" circuit
= blocks can alternatively be represented as "capacitance C<i> in parallel with conduc-
tance G<i>" circuit blocks.

4.6.2.5 Port pair de-/embedding

Port pair de-/embedding extends the functionality of balanced port de-/embedding to
pairs of single-ended physical ports. The analyzer uses the 4-port transformation net-
works known from balanced port de-/embedding, however, each transformation net-
work is assigned to an arbitrary pair of (single-ended) physical ports.

A simple circuit which can be modeled using port pair (de-)embedding is a circuit (e.g.
a resistance) between two ports of a DUT. To obtain the circuit in the following figure,
select port pair 1,2 and the Serial Ls, Shunt L transformation network with all inductan-
cessettozero (L1=L2=L3=0H)andR1=R2=0Q.

WHA ouT
R
4-port @
DUT R3
VNA port 2 2 4
2 R

To model a general (de-)embedding network for ports 1 and 2, select port pair 1, 2 and
a 4-Port Touchstone file.

Equivalent
4-port circuit

VNA port 1
VNA port 2

VNA port 2

port pair
(de-jJemb.

The two port pair (de-)embedding networks in the figure below are based on port pairs
1, 2 and 1, 3 with appropriate sets of 4-port S-parameters.

port pair
| (de-)emb.
L
|VNA port 1 l 1 3 IVNJ\ port 3 I
4-port
DUT
- port pair

{de-)emb.

The R&S ZNA FW handles Port Pair De-/Embedding as a special case of Port set de-/
embedding.
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4.6.2.6 Port set de-/embedding

The port set de-/embedding feature allows de-/embedding a linear 2m-port network
connecting m physical VNA ports to m physical DUT ports (m=2).

Network Analyzer Embedding Network DUT

aE1 ail

— —

1 1 2 1

be4 b1
aEe2 az

—- —-

2 3 < 4 2
be2 N b2
JdEm am
m 2m-1 2m m
VNA -— -— S
bEm bm
dm+1
—
m+1 m+1
bm+1
an
n n

-

bn
|\ J

Y
SE

Figure 4-11: Port Set De-/Embedding

As shown in section Combining Several de-/embedding networks, port set deembed-
ding is calculated after single-ended deembedding, and the port set embedding step
precedes single ended embedding. It is possible to combine a sequence of port sets
for deembedding (embedding), each port set having its own transformation network.
The effect of port set de-/embedding depends on the port sets themselves but also on
their order. The same physical ports can be used repeatedly in different port sets; it is
also possible to use the same port set repeatedly.
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® For port pairs (i.e. for m=2), the de-/embedding network can be defined either via
lumped element model (possibly in combination with s2p Touchstone files) or via a
s4p Touchstone file, see Chapter 4.6.2.5, "Port pair de-/embedding", on page 239.
For m>2, there are no predefined lumped element models available; the de-/
embedding network has to be defined via a s<2m>p Touchstone file.

® |n case the port number conventions of the loaded Touchstone file differ from the
numbering scheme depicted in Figure 4-11, it is possible to "Switch Gates". The
analyzer interchanges the port numbers when loading the file.

Switch Gates

Il

Ground loop de-/embedding

A ground loop models the effect of a non-ideal ground connection of the DUT causing
a difference in potential between the analyzer's and the DUT's ground reference. A typ-
ical and often unavoidable source of ground loops is the parasitic inductance of the
ground contacts.

In contrast to the 2-port de-/'embedding networks, the ground loop represents a single-
wire connection that can be described by a one-port S-matrix. On the other hand, the
ground loop de-/embedding algorithm for an n-port DUT involves matrix operations
which are based on the complete uncorrected single-ended nxn S-matrix.

The Ground Loop De-/Embedding can be specified via Touchstone s1p file or by para-
metrizing one of the lumped element models "Shunt L", "Shunt C".

GND GND GND

Differential match embedding

Differential Match Embedding allows you to simulate the characteristics of balanced
DUT ports whose differential mode is balance-unbalance converted and then connec-
ted to a port-specific matching circuit.
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In contrast to standard balanced embedding (4-port), the matching circuit is only
applied to the differential mode port (2-port). It can be specified via a Touchstone s2p
file or by parametrizing a lumped "Shunt L, Shunt C" element model.

4.6.2.9 Fixture modeling and deembedding

When performing tasks such as verifying digital high-speed signal structures on printed
circuit boards (PCBs), measurements have to be carried out on certain layers without
the effects of probes, probe pads, vias, lead-ins and lead-outs. This requires the use of
accurate deembedding algorithms to calculate and remove these effects from the mea-
surements, leaving only the result for the area of interest.

Instead of asking the user to define the fixture by parametrizing one of the given lum-
ped circuit models or by "somehow" providing a suitable snp file, the firmware of the
R&S ZNA now also provides integration for third-party tools that model the test fixture
from measured data:

® AtaiTec's In-situ de-embedding (ISD)
® PacketMicro's Smart fixture de-embedding (SFD)
® FEazy de-embedding based on IEEE 370

The tools are integrated into the deembedding functionality of the R&S ZNA firmware.
More fixture modeling tools may be added in future firmware releases.

Test Setup

The setup below shows an example for verifying the high-speed differential signal lines
on a PCB.

AAT—

%

1 | ! E T 1

I I I 1

| 1 I :

{ : Area of interest : I

| |

I - : i

I Reference plane Reference plane :

| after deembedding after deembedding I

I 1

1} 1
Reference plane Reference plane
after calibration after calibration
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Fixture Modeling Process
For all supported tools, the fixture modeling proceeds as follows:
1. Perform a calibration to the fixture connectors.

2. Measure one or more PCB test coupons for the related fixture.
The results are independent of a particular DUT. Hence they can be reused for
subsequent measurements using the same test fixture.

w

Measure the total structure, i.e. the DUT with the fixture.

»

Run the selected third-party tool to calculate the fixture deembedding files.

After a final confirmation, the calculated deembedding files (s2p for single-ended
ports, s4p for balanced ports) are used for deembedding the DUT at the respective
logical port(s).

Test Coupons

The test fixture consists of a set of lead-ins.

DUT

Figure 4-12: DUT with Test Fixture (balanced)

The fixture modeling tools require test coupons for the lead-ins to the DUT and that are
either representing a Through, an Open or a Short. If the lead-ins "on the left" and "on
the right" side of the DUT ("lead-outs") are not symmetric, different test coupons for the
lead-ins and lead-outs are required.

User Manual 1178.6462.02 — 30 243



R&S®ZNA Concepts and features

Offset parameters and de-/embedding

Test Coupons for Lead-ins Test Coupons for Lead-outs

I 2x Through I I 2x Through I

1x Open 1x Short 1x Open 1x Short
I% R |
= = "X T

Figure 4-13: Test Coupons (balanced)

Test Coupons for Lead-ins Test Coupons for Lead-outs
I 2x Through I I 2x Through I

1x Open 1x Short

1x Open 1x Short
I% R Bl — I://:I

Figure 4-14: Test Coupons (single-ended)

4.6.210 Combining Several de-/embedding networks

The R&S ZNA allows you to select a combination of networks to be numerically added/
removed at different layers

e 2-port networks at single ended physical ports

® 4-port networks at pairs of single ended physical ports

® 4-port networks at balanced logical ports

® 1-port ground loop networks

e 2-port differential match embedding networks at balanced logical ports

The different steps for deembedding and embedding are carried out in the following
order:
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Single _
m

‘—m
Loop
Differential
Match

Figure 4-15: De-/Embedding calculation flow
This means that the real networks are removed before virtual networks are added.

The (de-)embedding steps are carried out in the following order:

1. Single Ended Deembedding: every physical port can be deembedded from a single
2-port network

2. Port Set Deembedding: every port set can be deembedded from one or more 4-, 6-
or 8-port networks. There is no restriction on the sequence of port pairs and deem-
bedding networks.

3. Balanced Deembedding: every balanced logical port can be deembedded from a
single 4-port network

4. Ground Loop Deembedding: the DUT's ground connection can be deembedded
from a single 1-port network

5. Ground Loop Embedding: the DUT's ground connection can be embedded in a sin-
gle 1-port network

6. Balanced Embedding: every balanced logical port can be embedded in a single 4-
port network

7. Port Set Embedding: every port set can be embedded in one or more 4-, 6- or 8-
port networks. There is no restriction on the sequence of port pairs and embedding
networks.

8. Single Ended Embedding: every physical port can be embedded in a single 2-port
network

9. Differential Match Embedding: the differential mode of a balanced logical port can
be embedded in a single 2-port network

1. Initial situation: DUT embedded in 2-port and 4-port networks (only 1 port shown)
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2. Single ended deembedding

__{‘}_____{j_
- ————

3. Balanced port deembedding

_.c'p_____{j_
- ———— O

4. Balanced port embedding
I I

5. Single ended port embedding
| |

4.7 Optional extensions and accessories

The instrument can be upgraded with various software and hardware options, provid-
ing enhanced flexibility and an extended measurement functionality. The equipped
options are listed in the "Options" tab of the Info dialog (System — [Setup] > "Setup" >
"Info...").
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Table 4-19: Software options (K-options)

Option Option name

R&S ZNA-K1 Spectrum analyzer mode

R&S ZNA-K2 Time domain analysis

R&S ZNA-K4 Frequency conversion measurements

R&S ZNA-K5 Vector mixer measurements

R&S ZNA-K6 Phase coherent source control

R&S ZNA-K7 Measurements on pulsed signals

R&S ZNA-K8 Millimeter-wave converter support

R&S ZNA-K9 Embedded LO mixer group delay measurements
R&S ZNA-K17 Increased IF bandwidth 30 MHz

R&S ZNA-K19 Frequency resolution 1 mHz

R&S ZNA-K20 Extended time domain analysis

R&S ZNA-K28 Continuous data recording

R&S ZNA-K30 Noise figure measurement

R&S ZNA-K50/R&S ZNA-K50P Measurement uncertainty analysis

R&S ZNA-K51 Security write protection

R&S ZNA-K61 True differential mode

R&S ZNAG7-K110 Continuous sweep up to 110 GHz (R&S ZNAG7EXT

only)

R&S ZNA-K210 Eazy de-embedding based on IEEE 370

R&S ZNA-K220 In-situ de-embedding

R&S ZNA-K230 Smart fixture de-embedding

R&S ZNA-K231 Delta-L 4.0 PCB characterization

R&S ZNA-K980 Health and usage monitoring service (HUMS)
Table 4-20: Hardware options (B-options)

Option Option name

R&S ZNAxx-B3 Internal 3rd and 4th source for 4-port R&S ZNA
R&S ZNA-B4 Precision frequency reference

R&S ZNA-B5 Second internal LO generator for 4-port R&S ZNA
R&S ZNA-B7 Memory extension for data streaming

R&S ZNA-B8 LO Out

R&S ZNA-B15 RFFE GPIO interface

R&S ZNA-B15 variant 02 RFFE GPIO interface
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Option Option name

R&S ZNAxx-B16 Direct generator/receiver access

R&S ZNA-B19 Additional removable system drive

R&S ZNAxx-B21/-B22/-B23/-B24 Source step attenuators

R&S ZNA-B26 Direct IF access

R&S ZNAxx-B31/-B32/-B33/-B34 Receiver step attenuators

R&S ZNAxx-B41/-B42/-B43/-B44 Internal pulse modulators

R&S ZVAB-B44 USB-to-IEC/IEEE adapter

R&S ZNAxx-B52 Internal 2nd source and 2nd LO generator for 2-port
R&S ZNA

R&S ZNA-B91 Trigger board

R&S ZNAxx-B161/-B163/-U161/-U163 Direct source monitor access

R&S ZNAxx-B213 Internal combiner

R&S ZNAxx-B213

R&S ZNAxx-B302 Internal low noise preamplifier

R&S ZNA50/67-B312 Internal low noise preamplifier

R&S ZNAxx-B501 Internal low power spur reduction amplifier

R&S ZNA50/67-B511 Internal low power spur reduction amplifier

For a complete list of options, accessories, and extras refer to the product brochure or
to the "Options" section of the R&S ZNA product pages on the Internet.

The following sections provide an introduction to the software and hardware options
described in this documentation. The use of external power meters, generators, switch
matrices and generic devices does not require any additional hardware or software
options; it is described at the end of the chapter.

4.7.1 Spectrum analyzer mode

Option R&S ZNA-K1

Option R&S ZNA-K1 enables spectrum analysis measurements on all receivers of the
R&S ZNA (measurement receiver or reference receiver).

Up to 4 spectra can be measured in parallel, if the motherboard of the R&S ZNA has a
product index 8 or higher (see the Hardware tab). Motherboards with product index < 8
do not support parallel spectrum measurements.

O To find out the motherboard product index of your R&S ZNA, go to the Hardware tab of
= the "Info" dialog. Scroll to the "MB_MPM" row of the "Assemblies" table, and look at the
first number in the "Product Index" column.
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For more information on spectrum mode measurements and channel setups, see the
description of the Spectrum tab and the Spectrum Setup dialog.

option variant B312, or the Internal low power spur reduction amplifier option var-
iant B511, then option R&S ZNA-K1 is not available.

e Before firmware version 2.40, only measurement receivers were available for spec-
trum measurements, and parallel spectrum measurements were not possible at all.

® ® If a R&S ZNA50 or R&S ZNA67 is equipped with the Internal low noise preamplifier

4.7.2 Time domain analysis

Option R&S ZNA-K2

The network analyzer measures and displays complex S-parameters and other quanti-
ties as a function of the frequency. The measurement results can be filtered and math-
ematically transformed to obtain the time domain representation, which often gives a
clearer insight into the characteristics of the DUT.

Time domain transforms can be calculated in band pass or low pass mode. For the lat-
ter, the analyzer offers the impulse and step response as two alternative transformation
types. A wide selection of windows can be used to optimize the time domain response
and suppress side lobes due to the finite sweep range. Moreover, it is possible to elimi-
nate unwanted responses using a time gate and transform the gated result back into
the frequency domain.

For a detailed discussion of the time domain transformation including many examples,
refer to the application note 1EP83 which is available on the R&S internet at http://
www.rohde-schwarz.com/appnotes/1EP83.

Trace selection

Select a reflection parameter S; to perform a time domain reflectometry (TDR) mea-
surement, e.g. to detect cable faults. To measure the impedance of a network, you can
select a converted impedance parameter Z<S;.

Select a transmission parameter S; (i#j) to perform a time domain transmission (TDT)
measurement, e.g. for measuring antennas.
O ® For TDR traces and if distance is used as the x axis, the x value indicates the one-
= way path to the reflection.

® To export time domain traces, you have to use formatted values (ASCII, Matlab)
must be used. See Chapter 4.4.2.3, "Finding the best file format", on page 185.

4.7.2.1 Chirp z-transformation

The Chirp z-transformation that the analyzer uses to compute the time domain
response is an extension of the (inverse) Fast Fourier Transform (FFT). Compared to
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the FFT, the number of sweep points is arbitrary (not necessarily an integer power of
2), but the computation time is increased by approx. a factor of 2. This increased com-
putation time is usually negligible compared to the sweep times of the analyzer.

The following properties of the Chirp z-transformation are relevant for the analyzer set-
tings:
® The frequency points must be equidistant.

® The time domain response is repeated after a time interval which is equal to At = 1/
Af, where Af is the spacing between two consecutive sweep points in the frequency
domain. For a sweep span of 4 GHz and 201 equidistant sweep points, Af =4
GHz/200 = 2 * 107 Hz, so that At = 50 ns. At is termed measurement range (in time
domain) or unambiguous range.

Additional constraints apply if the selected Chirp z-transformation is a lowpass transfor-
mation.

4.7.2.2 Band pass and low pass mode

The analyzer provides two different types of time domain transforms:

® Band pass mode: The time domain transform is based on the measurement results
obtained in the sweep range between any set of positive start and stop values. The
sweep points must be equidistant. No assumption is made about the measurement
point at zero frequency (DC value). The time domain result is complex, with an
undetermined phase depending on the delay of the signal.

® [ ow pass mode: The measurement results are continued towards f = 0 (DC value)
and mirrored at the frequency origin so that the effective sweep range (and thus
the response resolution) is more than doubled. Together with the DC value, the
condition of equidistant sweep points implies that the frequency grid must be har-
monic. Due to the symmetry of the trace in the frequency domain, the time domain
result is harmonic.
See also Chapter 4.7.2.4, "Harmonic grid", on page 252.
Two different types of response are available in low pass mode; see below.

Table 4-21: Comparison of band pass and low pass modes

Transform Band pass Low pass
type
Advantages | Easiest to use: works with any set of equi- Higher response resolution (doubled)

distant sweep points Includes information about DC value

Real result

Impulse and step response

Restrictions | No step response Needs harmonic grid

Undetermined phase

Use for... Scalar measurements where the phase is Scalar measurements where the sign is of
not needed interest

DUTs that do not operate down to f =0 (e.g. | DUTs with known DC value
pass band or high pass filters)
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Impulse and step response

In low pass mode, the analyzer can calculate two different types of responses:

® The impulse response corresponds to the response of a DUT that is stimulated
with a short pulse.

® The step response corresponds to the response of a DUT that is stimulated with a
voltage waveform that transitions from zero to unity.

The two alternative responses are mathematically equivalent; the step response can
be obtained by integrating the impulse response:

-
1.0 Integrate impulse 0.3
response
0.4 ’- 0.o
/ \ Obtain step Iy
| nt response 0&

The step response is recommended for impedance measurements and for the analysis
of discontinuities (especially inductive and capacitive discontinuities). The impulse
response has an unambiguous magnitude and is therefore recommended for most
other applications.

4.7.2.3 Windows in the frequency domain

The finite sweep range in a frequency domain measurement with the discontinuous
transitions at the start and stop frequency broadens the impulses and causes side
lobes (ringing) in the time domain response. The windows offered in the "Define Trans-
form" dialog can reduce this effect and optimize the time domain response. The win-
dows have the following characteristics:

Table 4-22: Properties of frequency windows

Window Side lobe sup- Relative impulse | Best for...
pression width
No Profiling (Rect- | 13 dB 1 -
angle)
Low First Side lobe | 43 dB 1.4 Response resolution: separation of
(Hamming) closely spaced responses with compara-

ble amplitude

Normal Profile 32 dB 1.6 Good compromise between pulse width
(Hann) and side lobe suppression
Steep Falloff (Boh- | 46 dB 1.9 Dynamic range: separation of distant
man) responses with different amplitude
Arbitrary Side lobes | User defined 1.2 (at 32 dB side | Adjustment to individual needs; tradeoff
(Dolph-Chebychev) | between 10 dB and | lobe suppression) | between side lobe suppression and

120 dB impulse width
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4.7.2.4 Harmonic grid

A harmonic grid is formed by a set of equidistant frequency points f; (i = 1...n) with
spacing Af and the additional condition that f; = Af. In other words, all frequencies f; are
set to harmonics of the start frequency f;.

If a harmonic grid, including the DC value (f = 0), is mirrored to the negative frequency
range, the result is again an equidistant grid.

Af
o,
—& & & L + - L ] : ] >
Megative frequencies f=0 fi Positive frequencies

The point symmetry with respect to the DC value makes harmonic grids suitable for
lowpass time domain transformations.

Visualization of the harmonic grid algorithms

The R&S ZNA provides three different algorithms for harmonic grid calculation. The
three harmonic grids have the following characteristics:

e Keep "Stop Frequency and Number of Points" means that the stop frequency and
the number of sweep points is maintained. The sweep points are redistributed
across the range between the minimum frequency of the analyzer and the stop fre-
quency; the step width can be increased.

Interpolated
values

DC value fmin Stop frequency

e Keep "Frequency Gap and Number of Points" means that the number of sweep
points and their relative spacing is maintained. If the start frequency of the sweep
is sufficiently above the f;,, the entire set of sweep points is shifted towards lower
frequencies so that the stop frequency is decreased.

Frequency
gap
o
& & & &
) N—P
Interpolated / /
values ¥ ¥
- - L L 3 i L ? *

DC value frvin Stop frequency

If the start frequency of the sweep is close to f,;,, then the sweep points can have
to be shifted towards higher frequencies. If the last sweep point of the calculated
harmonic grid exceeds the maximum frequency of the analyzer, then an error mes-
sage is displayed, and another harmonic grid algorithm must be used.

e Keep "Stop Frequency and Approximate Frequency Gap" means that the stop fre-
quency is maintained and the number of sweep points is increased until the range
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between f,;, and the stop frequency is filled. The frequency gap is approximately

maintained.
‘ Frequency
gap
e —
& L & »
Interpolated
values

& & &

DC value frmin Stop frequency

The figures above are schematic and do not comply with the conditions placed on the
number of sweep points and interpolated/extrapolated values.

The harmonic grids cannot be calculated for any set of sweep points. If the minimum
number of sweep points is smaller than 5, then the interpolation/extrapolation algorithm
for additional sweep points does not work. The same is true if the number of sweep
points or stop frequency exceeds the upper limit. Besides, the ratio between the sweep
range and the interpolation range between f = 0 and f = f,;, must be large enough to
ensure accurate results. If the sweep range for the harmonic grid exceeds the fre-
quency range of the current system error correction, a warning is displayed.

Finding the appropriate algorithm
The three types of harmonic grids have different advantages and drawbacks. Note that
for a bandpass transformation the grid parameters have the following effect:

® A wider sweep range (i.e. a larger bandwidth) increases the time domain resolu-
tion.

® A smaller frequency gap extends the unambiguous range.

® A larger number of points increases the sweep time.

With default analyzer settings, the differences between the grid types are small. The
following table helps you find the appropriate grid.

Table 4-23: Properties of grid types

Grid type: Keep Sweep Time Unambig- | Algorithm fails if...

time domain uous

resolution | range

Stop freq. and no. of -
points * t '
Freq. gap and no. of Stop frequency beyond upper fre-
points * * * quency limit
Stop freq. and approx. Number of sweep points beyond limit
freq. gap ' t *
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A time gate is used to eliminate unwanted responses that appear on the time domain
transform. An active time gate acts on the trace in time domain and in frequency
domain representation.

The properties of the time gates are analogous to the properties of the frequency
domain windows. The following table gives an overview:

Table 4-24: Properties of time gates

Window Side lobe Passband Best for...

suppression ripple
Steepest Edges 13 dB 0.547 dB Eliminate small distortions in the vicinity of the
(Rectangle) useful signal, if demands on amplitude accu-

racy are low

Steep Edges 43 dB 0.019dB Good compromise between edge steepness
(Hamming) and side lobe suppression
Normal Gate 32dB 0.032 dB Good compromise between edge steepness
(Hann) and side lobe suppression
Maximum Flat- 46 dB 0dB Maximum attenuation of responses outside the
ness (Bohman) gate span
Arbitrary Gate User defined 0.071dB Adjustment to individual needs; tradeoff
Shape (Dolph- between 10 dB between side lobe suppression and edge
Chebychev) and 120 dB steepness

Time-gated frequency domain trace

The trace in the frequency domain depends on the state of the "Time Gate™:

® |[f the gate is disabled, the frequency domain (FD) trace corresponds to the mea-
sured sweep results before the time-domain transformation.

® |f the gate is enabled, the displayed frequency domain trace is calculated from the
time domain (TD) trace which is gated and transformed back into the frequency

domain.

The analyzer uses fixed "No Profiling (Rectangle)" window settings to transform the
measured trace into time domain. The TD trace is gated using the selected time gate.
The gated trace is transformed back into frequency domain using a "No Profiling (Rect-

angle)" window.
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trace: TD Al “V UV o> trace: FD
RRL L

Mo Profiling [Rectangle)

The shape, width and position of the time gate affect the gated frequency domain
trace. The window type selection in the "Define Transform" dialog is ignored. The
selected window is used again when the TD trace is displayed ("Time Domain: On").

The rectangular "No Profiling (Rectangle)" windows minimize numerical inaccuracies
near the boundaries of the measured frequency span. In the limit where the effect of
the time gate vanishes (e.g. a gate of type "Notch" and a very small width), the time
gated trace is equal to the original measured trace.

Time domain Sygyr measurements

The vector network analyzer R&S ZNA with time domain option K2 supports TD site
VSWR measurements.

For the frequency range 1 GHz to 18 GHz, this method of Sy 5yg measurement is pro-
posed in standard ANSI C63.25.

Hence a R&S ZNA equipped with time domain option K2 supports TD site VSWR mea-
surements in accordance with ANSI C63.25.

EMC Test Site Validation

EMC test sites for radiated emission measurements rely on free-space conditions to
minimize the influence of reflections on the received signal. Practically, near free-space
conditions are achieved by shielded enclosures fully lined with RF absorbing material.
Site validation determines deviations from free-space conditions that must meet the
acceptance criterion for making EMC compliance measurements in a FAR (= fully
anechoic room). It is performed by measuring the site voltage standing-wave ratio
(Syswr), Which is the ratio of maximum received signal to minimum received signal,
caused by interference between direct (intended) and reflected signals.
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blue arrow = direct signal
red and green arrows = reflected signal

TD Syswr Calculation

The ANSI time-domain method relies on a complex transmission measurement (S,,)
using a vector network analyzer (VNA).

A time-domain transformation of the frequency domain data shows the impulse
response between the two antennas. Since the direct antenna-to-antenna response is
related to the shortest distance, the earliest impulse is the direct antenna response.
Reflections from the test site are from farther distance away, thus come at later time. It
is therefore possible to separate the direct antenna response S,q et from reflections
S,1 refiected DY USING time gating and to calculate

TD Syswr = (1+1) / (1-1) ,

where r = S21,reﬂected / S21,direct-

Measurement Procedure for ANSI C63.25

See the Rohde & Schwarz Application Card "Fast validation of EMC Test Sites above 1
GHz with Time-domain SygyR", published on the Rohde & Schwarz internet site.
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4.7.2.7 Distance-to-fault measurements

Option R&S ZNA-K2 also offers a special distance-to-fault measurement that allows
you to locate faults and discontinuities on cables and transmission lines.

Faults produce peaks on the impulse response (in the time domain) that is calculated
from the measured reflection S-parameter trace via inverse Fourier transformation. The
distance between the reference plane and the fault can then be calculated from the
propagation time, accounting for the electrical properties of the transmission line.
Moreover it is possible to define the peaks to be considered as being caused by a fault.

The following example shows the reflection at the end of a faultless open cable con-
nected to test port 2. A full one-port calibration ensures that the distance is measured
from the test port position (reference plane = distance zero). The horizontal position of
marker "M2" corresponds to the cable length of 1417 mm, the additional peak at posi-
tion "M1" is due to a bad connection between the cable and the test port.

‘) I,_Q QQ {{-\)‘r wv+ m E - 0 .:; E Application

Distance To Fault
Trcl dBMag 10dB/Ref0 dB 5088-HFLR —— e

to Fault To Fault

Start Distance
Om

Stop Distance
3.048m

Cable Type...

A A -
A 717
II || ‘L..'I |||\| II‘. |II || ¥
Ch1 Start 5kHz Pwr -10dBm Bw 10kHz 6 GHz

TIrel| Start Om — Distance Domain Stop 3.048 m

B
<«

Fault Trace Distance Peak Response a Contents
All Channels &7

Export to File...

= Tracking
Enabled

- Fault List

¥ Close 0 Help

Distance to Fault

Adjust the frequency sweep to the length of the transmission line and the expected dis-
tance to fault:

® The maximum distance that can be measured is proportional to the number of
sweep points. The larger the number of sweep points, the longer the maximum dis-
tance between the calibrated reference plane and the fault to be located.
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® The maximum distance that can be measured is inversely proportional to the fre-
quency span. The smaller the frequency span, the longer the maximum distance
between the calibrated reference plane and the fault to be located.
However, a smaller frequency span comes at the cost of a coarser distance resolu-
tion.

The R&S ZNA can automatically determine a suitable number of sweep points for a
given maximum distance to fault ("Auto Number of Points"). Moreover it is possible to
define which of the peaks are considered as being due to a fault, and to draw up and
export a list of the detected faults.

4.7.2.8 Extended time domain analysis

Option R&S ZNA-K20

Option K20 extends the basic Time Domain representation capabilities of option K2 by
signal integrity testing functionality in the time domain.

Simulated Eye Diagram

With the impulse response calculated from the measured S parameters using the
inverse Fourier transform, it is possible to predict the system response to arbitrary time
domain signals by calculating the convolution of the input signal with the impulse
response.

With option R&S ZNA-K20, the R&S ZNA firmware implements a "virtual" signal gener-
ator that is able to generate multilevel PAM signals (NRZ, PAM-4, PAM-8, PAM-16),
including a simulated low pass behavior. The simulated eye diagram using the DUT's
measured S parameters gives an extensive overview regarding the signal integrity of
the system.

Further building blocks for pre-emphasis, jitter, noise and equalization allow you to syn-
thesize effects of transmitter and receiver parts in the transmission system.
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Trcl XX Real 1Uf/Ref25U

LN Start 42.5 MHz Pwr -10dBm Bw Stop B85GHz
Start -2 ns _— Eye Diagram | Stop 2ns

Figure 4-16: Eye Diagram (NRZ modulated)

The measurement proceeds as follows:
1. The analyzer performs a frequency sweep.

2. The impulse response is calculated based on the results of the preceding fre-
quency sweep.

3. With the impulse response calculated in step 2,

a) the eye diagram is simulated.
b) the Eye Diagram Results are calculated.
c) the Eye Mask Test is evaluated (if enabled).

4. In continuous sweep mode, go back to step 2

@ ® The simulation progress is shown in the channel list below the eye diagram

® |n continuous sweep mode, the analyzer keeps on sweeping while the eye diagram
is being simulated and evaluated

Eye Diagram Results

The properties of the simulated eye diagram can be displayed as an info field or expor-
ted to an ASCII file.
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Figure 4-17: Eye Diagram Result Info Field

The following results are available:

Eye Minimum and Eye Maximum

These values represent the minimum and maximum outputs of the eye diagram
processing. These values include any over- and under-shoots seen during the
symbol transitions.

Eye Base, Eye Top, Eye Mean, and Eye Amplitude

"Eye Base" and "Eye Top" represent the averaged voltages observed for the low
and high voltage bits, respectively. "Eye Mean" is the average of "Eye Top" and
"Eye Base", "Eye Amplitude" is the difference between "Eye Top" and "Eye Base".
Eye Height

This result indicates the effects of noise in reducing the vertical eye opening. It is
defined as ("Eye Top" - 307,) - ("Eye Base" + 30g,¢), Where O1,, and Og,ge denote
the standard deviations of the observed high and low voltage levels, respectively.

Eye Width
This result indicates the effects of jitter in reducing the horizontal eye opening. It is
defined as "Bit Period" - 2 - 3 - "Jitter RMS".

Bit Period
The inverse of the data rate.

Rise Time and Fall Time

The time it takes the rising (falling) edge of the eye to go from x% (y%) of the "Eye
Amplitude" to y% (x%) of the "Eye Amplitude" (0=x<y<100, typically x=10 and
y=90).

Jitter Pk-Pk/RMS

These values measure the excursion of the 50% point of the rising edge in the hori-
zontal (time) direction: "Jitter Pk-Pk" is the distance between the peak values; "Jit-
ter RMS" is the RMS value of the excursions.

Duty Cycle Dist/Pct

These values measure the time separation between the rising and falling edge at
the 50% level of the eye diagram. "Duty Cycle Dist" is the absolute distance, "Duty
Cycle Pct" gives the same value as a percentage of the "Bit Period".

Crossing Percent
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The Crossing Height is the height above "Eye Base" where the rising and falling
edges cross, "Crossing Percent" gives the same value as a percentage of the "Eye
Amplitude".

® Opening Factor
This result is a measure of the effects of amplitude noise on the vertical eye open-
ing. Accordingly, it is equal to
(("Eye Top" - O10p) - ("Eye Base" + 0g,ge)) / "Eye Amplitude”

® SNR
Relates the "Eye Amplitude" to the noise level. Accordingly, it is equal to
"Eye Amplitude" / (O7op + Ogase)

@ Eye diagram results are only available for NRZ modulated signals.

Eye Mask Test

Furthermore, the eye diagram simulation allows to perform tests against a user-defined
eye mask:

Figure 4-18: User-defined Eye Mask

@ Eye mask tests are only available for NRZ modulated signals.

Rise Time Measurement

From the measured S parameters, the step responses can also be calculated using the
inverse Fourier transform. The rise time is the time the step response takes to rise from
x% to y% (0=x<y<100) of the resulting step size, typically from 10% to 90%.
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Trc Real 200 mU/Ref0U

Chl Start 42.288557 MHz Pwr -10dBm Stop 8.5 GHz
Ircl| Start -1ns — Time Domain Stop 4ns

Figure 4-19: Rise Time Measurement

Skew Measurement

The skew measurement allows you to compare the step responses calculated from dif-
ferent traces measured on the same analyzer channel. The skew is calculated as the
"delta time" (or length) at user defined percentage of the step size.

Skew (Trcl to Trc2): -184.848ps (-58.386mm)

.................................................................................................... TFret D26 2B PE - GoBR I e

Trc2 520573 ps 122040 mU

Figure 4-20: Skew measurement

For instance, this can be used to evaluate the quality of a balanced transmission line
("intra-pair skew").

Limit Test
Testing against a user-defined skew limit is also supported.

DUT-centric setup

As far as possible the required settings are related to time domain properties of the
DUT, which might be more intuitive for users of digital oscilloscopes that are not famil-
iar with vector network analyzers.

The Automatic Harmonic Grid from the option R&S ZNA-K2 "Time domain Analysis" is
used to ease setting up the frequency grid for all measurements provided by the option
R&S ZNA-K20.
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4.7.3 Frequency conversion measurements

Option R&S ZNA-K4

With option R&S ZNA-K4, the port frequencies can be configured independently.
Those arbitrary port settings represent a major extension to the analyzer's measure-
ment functionality; in particular they allow you to measure frequency-converting DUTs.

O The source and receive frequencies of the ports are always equal.

The following figure shows a transmission measurement on a mixer.

VNA

) 2

F IF

LO fir, up = frRF + fLO

fiF, down = | frF - fLo |

In this example, the transmission parameter S, corresponds to the mixer's conversion
gain.

Before measuring, the port frequencies must be set appropriately. In the port configura-
tion table (Channel — [Channel Config] > "Port Config" > "Port Settings..." > "Arb Fre-
quency"), the (source) frequency of Port 1 is set to the desired RF frequency (here: the
channel base frequency/sweep range f,). An external generator provides a fixed stimu-
lus signal at 1 GHz. To measure the up-converted IF signal, the (receive) frequency at
Port 2 is setto f, + 1 GHz.

Freq. Conversion Frequency Result

@ rort1 | VNAModel b +++ |3 GHz ...6 GHz

@ rort2 | UNAModel fb+1GHz «ss |4GHz..7 GHz
f«\‘; Gen1 |SMBV100A v 1GHz...TGHz
Independent source powers for Port 1 and Gen1 can be configured in addition, if so
desired.
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Internal Second Source

For a 4-port R&S ZNA, a second internal source is available and hence the mixer mea-
surements outlined above (and many other measurements) can be performed without
an additional external generator. The limited source connectivity can be overcome with
option R&S ZNA-B3 (see Chapter 4.7.20, "Internal 3rd and 4th source for 4-port

R&S ZNA", on page 305).

Similarly, a 2-port R&S ZNA with Internal 2nd source and 2nd LO generator for 2-port
R&S ZNA and LO Out can perform mixer measurements without an additional external
generator.

Calibration options

In arbitrary mode, the R&S ZNA automatically calibrates the source and receive fre-
quency ranges of all ports, according to the frequency conversion settings in the "Port
Settings" dialog or in dedicated configuration dialogs.

® SMARTerCal is the recommended calibration method for frequency conversion
measurements.

® For measurements on non-linear DUTs, an additional scalar power calibration is
recommended; for details refer to Chapter 4.5.7, "SMARTerCal", on page 224.

® A load match correction (optional) involves an additional reverse sweep. It can pro-
vide a significant improvement of the transmission S-parameter measurements if
the load ports are poorly matched.

Select the appropriate correction type according to your accuracy and speed require-
ments. Notice that none of the correction types provide the phase information for trans-
mission S-parameters.

Intermodulation measurements

The intermodulation measurement is automatically enabled with option R&S ZNA-K4.

The "Intermodulation” tab of the [Meas] softtool gives access to the measurement con-
figuration and selection of results (see Chapter 5.2.6, "Intermodulation tab",
on page 383.

An intermodulation measurement is performed with two RF signals of equal power but
different frequencies termed the upper and lower tone. The purpose of the measure-
ment is to test the properties of a DUT that is supplied with a signal that covers a fre-
quency band, typically a modulated RF channel. To simulate this scenario, the fre-
quency difference ("tone distance") between the upper and lower signal is chosen to be
small compared to the frequencies of the two tones:

szfUOFAf=fU-f|_<<f|_

A nonlinear behavior of the DUT causes emissions at frequencies which correspond to
sums and differences of the upper and lower tone frequencies and their integer multi-
ples. These intermodulation products can be near the upper and lower tone frequen-
cies, as long as their order is odd.
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The analyzer measures the intermodulation products of ki order IMk (where k = 3, 5,
7, 9) at the lower tone frequency minus (k — 1)/2 times the tone distance and at the
upper tone frequency plus (k — 1)/2 times the tone distance; see also "Intermodulation
measurement results" on page 269.

For a two-port R&S ZNA without Internal 2nd source and 2nd LO generator for 2-port
R&S ZNA, a test setup with an external generator and an external combiner is

required.
VNA
(1) (2)
Lower Tone
»1DUT 2
Upper Tone

The lower tone signal is generated at port 1, the upper tone is provided by the external
generator. Both signals are combined externally and fed to the DUT input. The intermo-
dulation quantities can be measured at the DUT output (transmitted wave b2). It is pos-
sible to interchange the ports no. 1 and 2.

O For a two-port R&S ZNA with Internal 2nd source and 2nd LO generator for 2-port
= R&S ZNA, an external generator is not required. The two sources can be combined

internally or externally. However, with two ports the upper tone source port is identical
to the receive port.

For a 4-port R&S ZNA, you can use any combination of analyzer ports that are sup-
plied by different internal sources to generate the lower and upper tones. In the follow-
ing example, port 3 replaces the external generator.
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VNA

ORNONONO

Lower Tone

Upper Tone > 1 DUT 2

Operation with more than one source is not supported, if External switch matrices are
part of the RF connection configuration.

The intermodulation distortion measurement can be extended to frequency-converting
DUTs. E.g., itis possible to feed the two-tone source signal to the RF input of a mixer
and measure the intermodulation distortion of the IF output signal, after conversion
with an additional LO signal.
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VNA

ORONONO

Lower Tone

Upper Tone > 1 DUT 2

For a 4-port R&S ZNA with four sources, the mixer's LO signal can also be provided by
the VNA.
Two-tone generation and combination

To generate a two-tone signal, two independent RF signal sources are required.

On a two-port R&S ZNAXxx, two internal sources are only available with option
R&S ZNAxx-B52 Internal 2nd source and 2nd LO generator for 2-port R&S ZNA.

For a R&S ZNA that is not equipped with Internal combiner or with Direct generator/
receiver access (R&S ZNAxx-B16), lower and upper tone must be combined from the
RF ports on the analyzer and connected external generators. An external combiner is
required.
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SOURCE MEAS SOURCE MEAS

o111 @il

© <

Figure 4-21: RF ports, external combiner

O The lower-tone port must be a VNA port, the upper-tone port can be an external gener-
= ator port.

If equipped, the internal combiner is the preferred signal combination option:

O

o
~1

SOURCE MEAS SOURCE MEAS

0111

Figure 4-22: Internal combiner

For a 2-port instrument the tones are generated at VNA ports 1 and 2, the combined
signal is output to port 1.

For a 4-port instrument, the tones must be generated at VNA ports 1 and 3, the com-
bined signal is output to port 1.

For a R&S ZNA that is equipped with option R&S ZNAxx-B16, Direct Generator/
Receiver Access but not with an internal combiner, the following test setup is recom-
mended:
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SOURCE MEAS

REF
ouT ouT
N IN

REF SOURCE MEAS
out @ out
: N (@) w

P
N

Figure 4-23: Direct access to lower-tone port, external combiner

The lower tone is generated at a VNA port, the upper tone is also provided by the ana-
lyzer (4-port models only) or by an external generator. The signals are combined exter-
nally and fed to the SOURCE IN connector at the lower tone port. Thus the superim-
posed signals are available at the lower tone port and can be fed to the DUT input. The
IF output signal is measured at another VNA port.

As an alternative to the test setup with external combiner, you can also combine the
two tones using the coupler in the test set of the upper-tone port:

REF SOURCE MEAS REF SOURCE MEAS
ouT @ ouT ouT @ ouT @
: IN @ IN : IN IN @

Figure 4-24: Direct access to both ports, coupler as combiner

With frequency converters, only external combination of the converter RF out signals is
supported. For all measurements involving two-tone stimuli and a receiving converter
port (intermodulation, two-tone group delay), a 4-port R&S ZNA is required.

Intermodulation measurement results

The intermodulation measurement provides two different types of results:

® In the swept measurement, the analyzer performs a frequency or power sweep of
the two-tone stimulus signal and displays the selected intermodulation quantities
as a function of the lower-tone frequency or power.
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2/24/2012 7:13:07 AM
1311.6010K44-100067-QY

Trcl IM5L0 dB Mag 10 dB/ Ref -10 dBm PCai Smo Trc2 IM7UO0 dB Mag 10 dB/ Ref -10 dBm PCai 1
Tre3 UTO dB Mag 10 dB/ Ref -10 dBm PCai

-H0-dBm ]
Chl Start 500 MHz Pwr 0 dBm Bw 10 kHz Stop 6 GHz

® |n the intermodulation spectrum measurement ("CW Mode Spectrum"), the fre-
quency and power of the lower and upper tones is kept constant. The analyzer dis-
plays all intermodulation products near the signals up to a selectable order.
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2/24/2012 7:18:12 AM
1311.6010K44-100067-QY

Trcl

0dBm

b2(P1) dB Mag 10 dB/ Ref 0 dBm PCai 1

+ M1 2.000000 GHz @ 9.9663 dBm
M2 2.003000 GHz |10.5042 dBm
M3 2.006000 GHz |-4.7113 dBm

H

W& M4-2.009 20.8186-dEf

M3 M5 1.997000 GHz -2.2854 dBm
M6 1.994000 GHz -12.9304 dBm

(Ui[s]

4

Ch1l Arb Port 2 Start 1.9865 GHz Pwr 0 dBm Bw 10 Hz Stop 2.0165 GHz

Intermodulation quantities

Intermodulation products

A nonlinear DUT that is supplied with a two-tone signal causes emissions at so-called
intermodulation products, i.e. at sums and differences of the two frequencies and
their integer multiples.

In general, with f_ denoting the lower and f, the upper tone, intermodulation products of
order O are defined as:

k1 ) fL + k2 . fu, W|th |k1| + |k2| = O

The analyzer can measure the power at intermodulation products of order k = 2, 3, 5,
7, 9, focusing on the "critical" intermodulation products closest to f, and fy,.

With Af := f - f, < f|, these intermodulation products are defined in the following table.

Table 4-25: Closest intermodulation products

Order Lower Upper
2 Af :=fy,—f, fu +fL
3 fL—Af=2fL—fU fu+Af=2fu—f|_
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Order Lower Upper

5 fiL—2Af=3f -21, fu+2Af=3f,—2f
7 fL—-3Af=4f -31, fu+3Af=4f,-3f
9 fL—4Af=5f 41, fu+4Af=5f,—4f

The R&S ZNA measures the intermodulation products at the DUT output (transmitted
wave b,). In the non frequency-converting case, it measures at the intermodulation
products of the generated lower and upper tones.

In the frequency-converting case, the measured frequencies generally depend on
where the non-linearity causing the intermodulation is located: at the RF or IF side of
the DUT.

With the mixer function MIX(f) = f + Afyx, the R&S ZNA (calibtates and) measures the
intermodulation products of order 2 at the IF frequencies defined in the following table.

Table 4-26: Mixer intermodulation measurements: Intermodulation products of order 2

Intermodulation location Upper Lower
DUT input or RF side MIX(fU - fL) = fU - f|_ + AfMIX MIX(fU + fL) = fU + f|_ + AfMIX
DUT output or IF side MIX(fy) — MIX(f) = fy — f_ MIX(fy) + MIX(f) = fy + f_ + 2 Afyx

For intermodulation products of odd order O = 3, the frequency shifts of the mixers
cancel out. Writing

O+1f _0-1
g /! 2

IPo(f1, f2) = P

for the intermodulation products of order O, we have

= %(ﬁ + Afuvrx) — %(ﬁ +Afurx)

O+1 0O-1
= fi— 5 o+ Afnmrx

= MIX(IPo(f1, f2))

IP o (MIX(f1), MIX(f2))

and hence a distinction between "before mixer" and "after mixer" is not required.

Intermodulation suppression and intercept points

The intermodulation suppression IMk,, is the ratio of the power of an intermodula-

tion product to the power of the lower tone fundamental wave in dB, measured at the
DUT output.

For each intermodulation product, an output intercept point 1Pk, is defined as fol-
lows:

II:’kout = PL, out — II\/Ikrel / (k - 1)

In this formula, P _ ., denotes the lower tone power in dBm, measured at the DUT out-
put. In analogy, the input intercept point IPk;, is defined as:
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IPKin = PLin — IMKpg / (k= 1)

The intermodulation suppression generally decreases with increasing stimulus power.
The intercept point is equal to the lower tone power for which the intermodulation sup-
pression would reach 0 dB. Output and input intercept point differ by the attenuation of
the lower tone signal upon transmission through the DUT. The intercept point is a
mathematical concept. For most DUTSs, it is beyond the nominal power operating
range.

@ Filter settings
Intermodulation measurements require frequency-selective filter settings. When an
intermodulation result is selected, the analyzer checks whether the IF bandwidth of the
active channel is 1/100 of the distance between the upper and the lower tone ("Tone
Distance") or less. If not, the analyzer displays a tooltip.

Selectivity is automatically set to high, but can be changed manually.

4.7.3.3 Harmonics measurements

Harmonics are signals at an integer multiple of the fundamental frequency. The funda-
mental is the first harmonic, the Nth harmonic is N times the frequency of the funda-
mental. The production of harmonic frequencies by an electronic system, when a sig-
nal is applied at the input, is known as harmonic distortion.

Harmonic distortion measurements can be performed irrespective of the sweep type: A
frequency sweep yields the harmonics as a function of the frequency, a power sweep
yields the power-dependent harmonics at fixed frequency.

Apart from absolute and relative harmonic power measurements, it is also possible to
measure the total harmonic power, defined as:

Vi, U7

THDp(N) = ﬂ
Un|

Equation 4-1: Fundamental THD of order N

THDR(N)Z \/ EﬁQ‘UzQ‘ THDF(N)

SV U2 T I+ (THDR(N))?

Equation 4-2: Root mean square THD of order N

Harmonic power calibration

Due to the different frequency ranges of the input and output signals, the harmonic
power calibration must be performed in two steps. For a test setup where the DUT's
input signal (fundamental signal) is provided by analyzer port 1 and where the har-
monic is analyzed at port 2, the following test setups are required

1. Source power calibration of the fundamental signal and the harmonic frequency
ranges
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A power sensor is connected to port 1. The source power is calibrated over the
selected sweep ranges. The correction data for all calibration sweeps is stored.

2. Receiver power calibration for the selected harmonics.
No external device is needed. The receiver (port 2) is calibrated at the harmonic
frequency using the source signal from port 1, calibrated in the first step.

4.7.3.4 Scalar mixer measurements

Scalar Mixer measurements are included in option R&S ZNA-K4.

RF mixers convert an RF signal at one frequency into a signal at another frequency.
The frequency that is to be shifted is applied at the RF input. The frequency shifting
signal (from a local oscillator, LO) is applied to the RF mixer's LO port, resulting in an
output signal at the mixer's Intermediate Frequency (IF) port. For a given RF signal, an
ideal mixer would produce only two IF outputs: one at the frequency sum of the RF and
LO (IF = RF + LO), and another at the frequency difference between the RF and LO (IF
= |RF — LOJ). Filtering can be used to select one of these IF outputs and reject the
unwanted one.

@ Meaning of S-parameters

The frequency-converting property of the mixer (i.e. the fact that incident and transmit-
ted waves are at different frequencies) causes a loss of phase information. While a
scalar measurement is active, the reverse transmission parameter S, is unavailable;
the magnitude of the forward transmission parameter S,; describes the conversion
gain. The conversion gain measurement can be improved by a source match correc-
tion (included in the SMARTerCal) and a load match correction (optional). The phase
information, including the group delay, is meaningless.

The phase or group delay of mixers can be analyzed in a vector mixer measurement.

In the scalar mixer mode the analyzer provides the following functionality:

® Configuration of the RF and LO signals and measurement of the generated IF sig-
nal.

e System error correction and power calibration of the signal sources and of the IF
receiver. A SMARTerCal is recommended for this purpose; see Chapter 4.7.3.1,
"Calibration options", on page 264.

® The mixer mode can be used to test important performance parameters of RF mix-
ers such as frequency ranges, conversion loss, compression, and isolation.

Two-stage mixer measurements

The scalar mixer measurement is also suited for measuring a system of two mixers
with frequency multipliers at their RF and LO inputs. The RF and LO input frequencies
of the first mixer are both multiplied by an integer fraction; the converted output signal
fint is fed to the second mixer, together with the multiplied second LO signal. The ana-
lyzer measures the output signal of the second mixer at its IF input port. The general
test setup is shown below; the mixer system under test (MUT) is enclosed in a blue
rectangle.
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Port 1 Port 2

m
fre le = fmt in_SfLoz
]
MUT m1“
M4
LO1 LO 2
m » M3, | <
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fin{ = _1fRF i_szm
n, z

The figure above also shows the possible output frequencies of the two mixers. The
actual values of f;; and fr depend on the RF and LO frequencies and of the measured
conversion (lower sideband or upper sideband with up- or down-conversion). The ana-
lyzer automatically calculates all frequencies and sets its receiver according to the set-
tings made.

A test setup with two mixers requires 3 independent source ports plus one receive port.
Only a 4-port R&S ZNA with four internal sources (option R&S ZNAff-B3) does not
require external generators.

A standard mixer measurement with a single mixer stage and no frequency multipliers
corresponds to the figure above with the second mixer and LO 2 omitted and my; = n; =
My =Ny = 1.

Mixer diagrams

The mixer signal diagrams show the parameters of the mixer input signals (RF, LO)
and of the mixing product (IF signal, output).

%

® The RF signal is the stimulus signal that the analyzer generates with the current
channel settings. After a reset, the frequency and power of the RF signal is as
defined in the Channel — Stimulus menu. The RF signal parameters can be
changed in the "Power" and "Frequencies" dialogs.

® The Local Oscillator (LO) signal is an additional RF signal that is either generated
by the network analyzer (at one of the ports that are not used for the RF and IF
signals) or by an external generator. A test setup with two mixers involves two inde-
pendent LO signals at both mixers.

® The IF signal is the mixer output signal (mixing product), which is at one of the fol-
lowing conversion frequencies: IF = LO + RF or IF = |LO — RF|, i.e. LO — RF (for
LO > RF)or IF = RF — LO (for RF > LO). The IF frequency is selected in the "Fre-
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quencies" dialog. A test setup with two mixers involves two independent conver-
sion settings.

The signal description above, with the swept RF signal and the LO signal at a fixed fre-
quency, corresponds to the default configuration. In the "Frequencies" dialog, you can
select any of the signals as a "Sweep/CW" signal. You can set the frequency range for
this signal via "Start/Stop" or "CW Frequency". A second signal is at a "Fixed" fre-
quency, and the third at the calculated sum or difference frequency ("Auto").

The labeling of the complete diagrams depends on the sweep type.
® The following mixer signal diagram corresponds to a frequency sweep:
RF
]
e Il
10 GHz ... 20 GHz
-10 dBm

Mixerl i
ixer Mixer2 IE

0

9.98 GHz ... 19.98 GHz

RF IF
o] 0 dém
(g 102

10 MHz
0 dBm

— RF signal (left side): Analyzer port number (e.g. Port 1), frequency sweep
range (or fixed frequency, if the LO signal is swept), CW power, frequency con-
version settings (1 / 1 denotes no conversion).

— LO signals (1 or 2, from below): Signal source (analyzer port or external gener-
ator), fixed power and frequency (or frequency sweep range, if the RF signal is
at fixed frequency), frequency conversion settings.

— IF signal (right side): Analyzer port number (e.g. Port 2), frequency range =
(sweep range + LO) or [sweep range — LO|, expected fixed power.

® The following mixer signal diagram corresponds to a power sweep:

RE ; Mixerl Mixer2 E
e B 55 &2 o
T e
-25 dBm ... 0 dBm

980 MHz
Lo1 (g

-25 dBm ... 0 dBm
10 MHz

0dBm

10 MHz
0dBm

(g LO2

— RF signal (left side): Analyzer port number (e.g. Port 1), power sweep range or
fixed power, CW frequency, frequency conversion settings (1 / 1 denotes no
conversion).

— LO signals (1 or 2, from below): Signal source (analyzer port or external gener-
ator), fixed power or power sweep range, CW frequency, frequency conversion
settings.

— IF signal (right side): Analyzer port number (e.g. Port 2), fixed frequency = (RF
+ LO) or |RF — LO|, expected power range.

User Manual 1178.6462.02 — 30 276



R&S®ZNA Concepts and features

Optional extensions and accessories

® The following mixer signal diagram corresponds to a Time or CW mode sweep:

RF

o1~ () N 2—X ©
T e Lo ]
-10 dBm

(g LO2

10 MHz
0 dBm

— RF signal (left side): Analyzer port number (e.g. Port 1), fixed power, CW fre-
quency, frequency conversion settings (1 / 1 denotes no conversion).

— LO signals (1 or 2, from below): Signal source (analyzer port or external gener-
ator), fixed power, CW frequency, frequency conversion settings.

— IF signal (right side): Analyzer port number (e.g. Port 2), fixed frequency = (RF
+ LO) or |RF — LO|, expected fixed power.

O The ports in the mixer signal diagrams are physical ports. To measure mixers with dif-
= ferential inputs, define a logical port configuration and enter one of the physical ports
that belong to the logical port. The analyzer implicitly accounts for the logical port set-

tings.

4.7.3.5 Vector mixer measurements

Option R&S ZNA-K5

Option R&S ZNA-K5 enables measurement of the parameters of an external mixer
including phase, e.g. the complex conversion loss or reflection coefficients.

In contrast to Scalar mixer measurements (with option R&S ZNA-K4), vector mixer
measurements provide magnitude and phase information, including group delay, about
the mixer under test (MUT).

@ Option R&S ZNA-K5 requires option R&S ZNA-K4.

4.7.3.6 Embedded LO mixer group delay measurements

Option R&S ZNA-K9
Option R&S ZNA-K9 enables measuring a mixer's absolute and relative group delay.

The mixer delay measurement is an extension of the scalar mixer measurement. The
network analyzer generates a two-tone RF signal as a mixer input signal and meas-
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ures the converted IF signal at the mixer output. The mixer delay is derived from the
relative phases of the two-tone signals at the mixer input and the mixer output.

Compared to conventional measurement methods, the mixer delay measurement
offers several additional advantages:

® A network analyzer with standard functionality is sufficient.

® Easy calibration using a calibration mixer.

® PUOSM calibration (for high gain DUTSs)

@ ® See also "Two-tone generation and combination" on page 267.
® Option R&S ZNA-K9 requires the Frequency conversion measurements option
R&S ZNA-K4.

® |f external switch matrices are used, embedded LO mixer group delay measure-
ments are not supported.

A 4-port R&S ZNA or a 2-port R&S ZNA with Internal 2nd source and 2nd LO genera-
tor for 2-port R&S ZNA is recommended, because of the second internal source. A
dedicated cable set for this measurement is provided with accessory R&S ZNAxx-Z9.

Group Delay Calculation w/o LO Access

The group delay 14 of a circuit is defined as the negative derivative of its phase
response. Hence, for two tones with phases ®1 and ®2 and a frequency difference
("aperture") Af:

dbdeg .,  dDPdeg _  Ada—Apr _ (¢ =)= (1™ —1") _ A"
360° Af 360° Af

Tg = T 360°dF ~ T 360°Af 360°Af

A" and Ad°ut gre the phase differences of the two tones at the input and output of the
DUT, respectively.

The phase difference of the source signal A®™ and the aperture Af are known quanti-
ties. Ad°Ut depends on the DUT and can be measured. As a phase difference, AD° is
stable against variations of the LO frequency, because those will affect both signals in
the same way. This means that the mixer delay measurement does not require any
synchronization between the analyzer and the LO signal, even if the LO shows a
noticeable frequency drift.

4.7.4 Phase coherent source control

R&S ZNA-K6

With option R&S ZNA-K6, a R&S ZNA with two or more sources can generate signals
with defined phase. Typical application examples are measurements on balanced
DUTs or the supply of antenna arrays which are designed for a well-defined radiation
pattern.
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® For a two-port R&S ZNA, hardware option R&S ZNA-B52 is required. See Chap-
ter 4.7.23, "Internal 2nd source and 2nd LO generator for 2-port R&S ZNA",
on page 306.

® With option R&S ZNA-K4, phase coherent signals can be generated at arbitrary
amplitudes and frequencies.

Defined coherence mode requires an analyzer with at least two independent internal
sources. It is compatible with arbitrary single-ended or balanced port configurations. It
can also be used for frequency conversion measurements.

The source ports and the properties of the coherent signals are all defined in the
"Source Coherence" dialog. After a system error correction, the coherent signals with
the selected properties are available at the calibrated reference plane.

Prerequisites for accurate phase control

® Source coherence mode relies on wave correction. A consistent system error cor-
rection is essential for accurate coherent waves at the reference planes. You
should always perform a full n-port calibration (TOSM, UOSM or one of the Txx cal-
ibration types) of all physical ports involved and change the reference impedances,
if they differ from the default settings. A subsequent source power calibration is
recommended.
The system error correction applies to all a- and b-waves of the n calibrated ports,
not only to waves with a defined phase. You can also use offset parameters in
order to move the reference plane where the analyzer provides an accurate coher-
ent signal.

® The defined phases are established during a pre measurement per sweep point
and source coherent port, which significantly slows down the sweep.

Amplitude Imbalance and Phase Imbalance Sweep

Since fimware version 2.40, amplitude and phase imbalance sweeps are no longer
limited to True differential mode, but are also available in source coherence mode.

In source coherence mode, during an amplitude or phase imbalance sweep, all source

signals are coherent.

e During an amplitude imbalance sweep, the driving port operates at its port-specific
phase and performs a power sweep within a configurable, port-independent delta
range relative to its nominal port power.

® During a phase imbalance sweep, the driving port operates at its port-specific
power and performs a phase sweep within a configurable delta range relative to its
port-specific phase.

Generator ports operate in CW mode, at their port-specific nominal power and phase.
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4.7.5 True differential mode

Option R&S ZNA-K61

Differential transmission lines and circuits are widely used, because their characteris-
tics give them a lower susceptibility to electromagnetic interference. Linear balanced
devices can be tested with sufficient accuracy using the virtual differential mode, where
the vector network analyzer generates unbalanced stimulus signals and uses a mathe-
matical transformation to convert unbalanced wave quantities into balanced S-parame-
ters. A different behavior is expected for nonlinear balanced devices, where the trans-
mission characteristics of the DUT may depend on how closely the stimulus signal
matches real operating conditions.

In true differential mode, a R&S ZNA with two or more internal sources generates true
differential and common mode stimuli at arbitrary reference planes in the test setup
and determines mixed-mode S-parameters, wave quantities and ratios. It can also per-
form true differential measurements on frequency-converting DUTs or to use true differ-
ential mode in combination with external frequency converters. Moreover the true dif-
ferential mode provides two additional sweep types, the Amplitude Imbalance and
Phase Imbalance Sweep.

ration with at least one balanced port. However, in true differential mode a bal-
anced source port requires independent sources for the constituent physical ports.

@ ® Like the virtual differential mode, the true differential mode requires a port configu-

— On a 2-port R&S ZNA, the optional internal second source is required.
See Chapter 4.7.23, "Internal 2nd source and 2nd LO generator for 2-port
R&S ZNA", on page 306.
— To have two balanced ports, a 4-port R&S ZNA with 4 sources is required.
See Chapter 4.7.20, "Internal 3rd and 4th source for 4-port R&S ZNA",
on page 305.
® Because true differential mode is a special kind of Phase coherent source control,
option R&S ZNA-KG6 is a prerequisite for option R&S ZNA-K61. The Prerequisites
for accurate phase control also apply to true differential mode

4.7.5.1 Virtual vs. true differential mode
The analyzer uses different stimulus signals and different mathematical methods to

obtain results in normal, virtual differential, or true differential mode. The following table
gives an overview.
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Normal (unbalanced) | Measurement of wave quantities and S-parameters for unbalanced ports. Unbal-

mode anced stimulus signals.
Virtual differential Precondition: At least one balanced port is defined.
mode

Measurement of unbalanced wave quantities using unbalanced stimulus signals.
Unbalanced system error correction. Conversion of unbalanced wave quantities
into balanced and mixed-mode S-parameters with possible renormalization of port

impedances.
True Differential Precondition: At least one balanced port is defined, whose constituent ports are
Mode driven by two independent sources.

Measurement of unbalanced wave quantities using balanced stimulus signals (dif-
ferential and common mode). System error correction and conversion of unbal-
anced into balanced wave quantities. Calculation of balanced and mixed-mode S-
parameters with possible renormalization of port impedances.

True differential mode relies on wave correction. A consistent system error correction is
essential for accurate balanced waves at the reference planes and accurate measure-
ment results. Perform a full n-port calibration (TOSM, UOSM or one of the Txx calibra-
tion types) of all physical ports involved in the true differential measurement and
change the differential and common mode reference impedances, if they differ from the
default settings. A subsequent source power calibration is recommended.

O You can also use Offset parameters and de-/embedding to move the reference plane
= where the analyzer provides an accurate differential or common mode signal.

4.7.5.2 Amplitude imbalance and phase imbalance sweep

In true differential mode, you can select a single balanced (logical) port L' to behave
"imbalanced", either w.r.t. magnitude or w.r.t. phase. During an amplitude or phase
imbalance sweep, the analyzer generates a balanced CW signal at L', but sweeps the
power or phase of one of its constituent physical ports within a configurable range.

O Since fimware version 2.40, amplitude and phase impalance sweeps are no longer
= limited to true differential mode, but are also available in source coherence mode.

Imbalance Compensation of a-Waves

Since the mixed-mode S-parameters of a linear balanced DUT depend only on the
DUT itself, they are independent of the amplitude or phase imbalance of the stimulus
signal. For example, Syy,1 of a differential amplifier in phase imbalance sweep does not
reveal the amplitude reduction of the differential output signal caused by unequal
lengths of the balanced input line conductors. This length asymmetry corresponds to a
phase imbalance increasing over frequency. To see the effect of such a phase or
amplitude imbalance, modified S-parameters are required. The modification is done in
such a way that, if for example the imbalance of port 1 is swept, the imbalance of the
a-wave of port 1 is compensated before the S-parameters are calculated.

The effect of the compensation is a constant amplitude of the differential or common
mode stimulus wave of port 1 over the imbalance sweep range. This reflects the situa-
tion of the user applying a stimulus signal of known nominal amplitude to the DUT, but
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getting at the output only the amplified differential contents in this signal, which
depends on the imbalance. Usually, S-parameters of balanced devices measured with
active imbalance compensation will exhibit a maximum or minimum at zero imbalance.

The imbalance compensation is not only performed for mixed-mode S-parameters, but
also for the imbalance-swept a wave itself when it is selected as a measured quantity,
as well as for ratios including that wave.

4.7.5.3 True differential mode on frequency-converting DUTs

True differential mode can be combined with frequency-converting measurement
modes. For this type of measurements, a consistent calibration is particularly impor-
tant.

4.7.5.4 True differential mode with frequency converters

If the frequency converter mode is combined with true differential mode, the analyzer
generates a true differential or common mode stimulus signal at a calibrated reference
plane which is located after two frequency converter ports. To achieve this, two fre-
quency converters with independent sources are combined to form a balanced con-
verter port. The frequency converters must provide the RF drive signal simultaneously
so that a third, independent LO signal is required.

RF source 1 j—l{ RF IN Raf?ranoa
ane
Converter 1 :I— E

LOIN
True
differential /
Power »
LO source j—v/ splitter » common mode

signal
L»[ LOIN

Converter 2 :I—
RF source 2 ]—,[ RF IN

Depending on the network analyzer type and the number of independent sources avail-
able, different test setups are possible.

4.7.6 Measurements on pulsed signals

Option R&S ZNA-K7

Measurements on pulsed RF signals are required in many areas of RF and microwave
technology. Pulsed signals are used in mobile phone applications and radar systems,
and amplifiers are typically designed for pulsed rather than continuous wave (CW) con-
ditions.

The analyzer performs pulsed measurements in analogy to a time sweep (i.e. at con-
stant receiver frequency), but with a much higher sampling rate. Option R&S ZNA-K7
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provides configuration of the internal pulse modulators and pulse profile measure-
ments. The measurement bandwidth can be increased up to 30 MHz.

® Option R&S ZNA-K7 requires the Increased IF bandwidth 30 MHz option
R&S ZNA-K17.

For better time resolution, pulse profile measurements use the Memory extension for
data streaming option R&S ZNA-B7, if available.

4.7.6.1 Live pulse analysis with R&S VSE

The R&S VSE vector signal explorer software brings the experience and power of
Rohde & Schwarz signal analysis to a desktop PC. Its "Pulse measurements applica-
tion" (option R&S VSE-K6) can analyze parameters such as pulse duration, pulse
period, pulse rise and fall times, power drop across a pulse, and intrapulse phase mod-
ulation, and produces a trend analysis over many pulses.

The R&S ZNA can push pulse profile measurement data to a running R&S VSE
instance for further (live!) analysis.
Requirements
® R&S ZNA:
— FWV2.20 or higher
— with option R&S ZNA-K7 "Pulsed measurements"
® R&S VSE:
basic or enterprise edition (licensed separately)
running on the R&S ZNA or on a PC that is reachable via LAN
V1.90 or higher
with option R&S VSE-K6 "Pulse measurements application”

Limitations

® only b-waves can be pushed to the R&S VSE

® only a single b-wave can be pushed to the R&S VSE at a time
® the sweep duration must be 50 us or higher
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Figure 4-25: R&S VSE with pulse measurement application (option R&S VSE-K6)

How to configure

1. On the target R&S VSE, prepare the required analysis windows
(see the related user manuals)

2. Onthe R&S ZNA

a) prepare and run a "Pulse Profile" sweep

b) create a trace for the b-wave to be measured

c) set up and establish a VISA conncection to the target R&S VSE
d) start pushing data to the target R&S VSE

4.7.7 Millimeter-wave converter support

Option R&S ZNA-K8

Software option R&S ZNA-K8 adds convenient support of connected millimeter wave
converters to the R&S ZNA firmware. It requires R&S ZNAxx-B16 (Direct generator/
receiver access) or R&S ZNA-B26 (Direct IF access).

O On a R&S ZNAG7EXT, this hardware option is preinstalled.
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Measurements at frequencies beyond the analyzer's operating range (mm-wave mea-
surements) are achieved by combining a frequency-converting measurement with an
external test set (standalone frequency converter, or combined with a diplexer in case
of R&S ZNAG7EXT). The frequency converters use frequency multipliers to transform
the RF source signal from one of the network analyzer ports into a high-frequency
stimulus signal. A dual directional coupler separates the reference and measurement
channels from the waveguide test port. A local oscillator (LO) signal is used for down-
converting the reference and measurement channels. The LO signal can be provided
by the optional LO Out, or by an analyzer or external generator port. The down-conver-
ted reference and measurement signals are fed to the respective B16 or B26 ports.

Figure 4-26: Frequency converter cabling: front connection

On a R&S ZNABT7EXT, this option is preinstalled.

Rohde & Schwarz offers dedicated frequency converter types for various mm-wave
bands. The frequency converter R&S ZC110, for example, extends the frequency
range of R&S ZNA network analyzers to a W-band range between 75 GHz and 110
GHz. The test ports of the frequency converters and the connecting elements are rec-
tangular waveguides, whose dimensions are according to EIA WR-10, equivalent to
RCSR WG-27.

Refer to the Getting Started guide and the specifications supplied with your converter
for detailed information about the frequency range and the waveguide type of your con-
verter model.

Controlling the electronic attenuator of legacy converters R&S ZVA-Z90E and
R&S ZVA-Z110E is not supported.
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4.7.71 Leveling

Introduction

The "Leveling" functionality of the vector network analyzer can be used to linearize the
output power of a connected mm-wave converter over a wide range of power levels
and frequencies. Based on an existing reference receiver calibration, it records the
converter's power transfer function and creates a data set which compensates for the
converter's nonlinearities. Leveling enables converter output power sweeps of up to 70
dB and thus is particularly beneficial for intercept or compression point measurements.

® Before firmware version 2.40, the leveling functionality was provided by the sepa-
rate R&S Converter Leveling Tool. This tool is no longer required and can no lon-
ger be used with the R&S ZNA.

® Best leveling results are obtained for frequency converters R&S ZCxxx, R&S ZVA-
Z110 Var.03, and R&S ZVA-Z90. Other frequency converters have limited ability to
control the RF output power via the RF input power and therefore generally do not
allow for effective power correction over wide frequency and power ranges.

® Controlling the electronic attenuator of an E-type converter is not supported by the
R&S ZNA. However, E-type converters can also be used with their default (unatte-
nuated) output power.

Without leveling data (default or recorded), the measurement is performed at fixed RF
source and LO power. No power sweep is possible. To reduce the actual output power
of the converters (e.g. for measuring wave quantities or testing compression effects),
turn the adjusting knob on top of the converters clockwise. You will see an effect on the
output power within the last 2 mm of the adjustable range.

o Although the leveling functionality is enabled with option R&S ZNA-K8 and is designed
= for converter ports, it can also be used for regular VNA ports.

Leveling procedure

The purpose of frequency converter leveling is to determine the nominal RF input
power Pge., at the converter input that is required to generate a particular RF converter
output power Pgr.o,; at (output) frequency f.

To this end, the RF output power is measured on a "leveling grid", i.e. at equidistant RF
input power levels Pge, ; and frequencies f;. Two-dimensional interpolation is then
used to obtain the appropriate input level for the desired output level at a given fre-
quency. Selecting smaller step sizes can improve the interpolation accuracy, at the cost
of an increased leveling duration.

Frequency converter leveling can be performed via the standard Power Cal wizard. For
each frequency converter port, the leveling procedure consists of the following steps:

1. Source flatness calibration (optional)
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To improve the accuracy of Pre,,, it is recommended to perform complementary
source flatness calibrations at the related analyzer ports (including the cables con-
necting the analyzer port to the RF Input of the frequency converter).

e —~
%P1 © h
7 dBm 7 ¢'¢# Power Cal

Offset: -1 dB {

(@ Seurce ( Source Flatness

“— Flatness

Flatness Cal Part x

I Port 1 Power
Meter
Cal Power: 7 dBm
L Refla) 1£} 1%) Meas{b]
File Trace Channel Disp Cal Offset: -1dB
Receiver Cal

C.LO
©

#"a ™ Please connect Power Meter to Port 1 and press 'Start Cal Sweep'.

’ Start Cal 9 TR

Sweep

2. Reference receiver calibration
During this step, connect a power meter to the test port of the respective frequency
converter. The calibration consists of a single frequency sweep f, ..., f, during

which Pge_oy(f;) and Pree(f) are recorded, where Preg(f) denotes the power mea-
sured by the VNA reference receiver.
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0 dBm o "'QQ Power Cal
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Cal Power: 0 dBm
~n Leveling Table  »
@ Giobal) §  CalOffset: 0dB
- Receiver Cal
~ Source
@ Flatness

Power Cal— Ch1

P3 @) P4
<=5

T \ Please connect Power Meter to Conv 1 and press 'Start Cal Sweep'.
Calibrate Only Port Frequency

’ Start Cal
Sweep

The sweep is performed at the frequency converter's maximum RF level, which is
typically advantageous w.r.t. measurement time and accuracy at the power meter.
For the subsequent steps, the correction factors c(f;) = Pre.ou(fj) - Prer(f) (on loga-
rithmic scale) are assumed to be independent of the input power level Pgg,.

3. RF input power calibration
This is the actual leveling step, i.e. for each point on the leveling grid, the RF out-
put power Pre.ou(Pren, i»fj) is determined.
However, during this step it is sufficient to measure the reference receiver power
Prer(Prr-in, ifj), which can be performed much faster and with a much higher
dynamic range compared to measuring the RF output power using a power meter.
With the correction factors c(f;) obtained in step 1, the RF output power can then be
calculated as Prr.ou(Prrn, ifj) = c(fj) + Prer(Pre.in, i.fj) (0N logarithmic scale). The
power meter is no longer required.
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After you have finished the leveling procedure and have applied the scalar power cali-

bration, the created leveling datasets are automatically activated. They can be disacti-
vated or reactivated in the Leveling Datasets dialog.

4'29 Leveling Datasets

Power Control Available

Converter/Port 1 ¥ Load m Save
Converter/Port 2 [ Load Save

Converter/Port 3 |F§8 ¥ Load

neteporaion =1 PR

" Apply « OK Cancel

@ Although leveling is performed in the standard power cal wizard, the created leveling

dataset is applied to all channels in the current recall set. A "Preset" does not affect the
leveling dataset and whether or not it is used for power control.

4.7.7.2 System error correction

S-parameters are to be measured, an additional system error calibration is recommen-
ded after power calibration. Measurements with frequency converters require a special
waveguide calibration kit for system error correction. Rohde & Schwarz offers these,
e.g. the calibration kits R&S ZV-WRxx. The standards in the calibration kits allow all
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one-port and two-port calibration types supported by the network analyzer except for
TNA. Refer to the documentation of the calibration kit for details.

The R&S ZCxxx converters conform to standard IEEE 1785. The designation of their
waveguide sizes is WM-xxx. The waveguide dimensions are identical to the former
WRYyy sizes between the 75 — 110 GHz and the 220 — 330 bands. In order to allow for
the use of the ZV-WRYyy kits for the calibration of a R&S ZCxxx converter, these kits
have additionally been pre-defined in the VNA firmware for the WM-xxx connector
types.

For some high-frequency converter types (e.g. R&S ZC500) each calibration sweep of
the system error correction is performed twice. The first sweep is named Preparation
Sweep; a tooltip below the calibration sweep diagram indicates an ongoing preparation
sweep.

4.7.7.3 Measurement

After power calibration and system error correction, the mm-wave measurement can
be performed like any other network analyzer measurement. The port configuration
settings (together with the stimulus settings) determine the sweep range of the conver-
ted signals (i.e the input and output frequencies at the DUT ports). All measured quan-
tities (S-parameters, wave quantities, ratios etc.) and other trace settings are available.
Generally, a measurement with a mm-wave converter involves the following steps:

1. R&S ZCxxx series: connect the converter to the VNA via USB. The analyzer firm-
ware automatically identiifes the converter and reads the factory leveling data.

2. Configure the RF connections between analyzer ports and converters

3. Connect the frequency converters

4. Perform a system error correction using a suitable waveguide calibration kit
5

Connect the DUT and measure it

For converters whose output power can be controlled by varying the input power, the
following additional steps can be performed:

® |[eveling
® Power settings
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O To enable n-port converter measurements on an n-port R&S ZNA, you can use the LO
= Out connector at the rear panel of the R&S ZNA as common LO drive port.

RF from Port n

4.7.8 Increased IF bandwidth 30 MHz

Option R&S ZNA-K17

This software option increases the maximum measurement bandwidth (IF bandwidth)
of a R&S ZNA from 1.5 MHz to 30 MHz.

4.7.9 Frequency resolution 1 mHz

Option R&S ZNA-K19

This software option improves the frequency resolution of a R&S ZNA to 1 mHz.

4.7.10 Continuous data recording

Option R&S ZNA-K28

Option R&S ZNA-K28 offers a "controlled timing" feature, which guarantees constant
measurement times per sweep point, as long as no settings are changed by the user.
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@ ® Controlled timing is limited to setups with a single channel.
® Controlled timing is not compatible with:
- ALC
— spectrum measurements
— two-dimensional compression point measurements
— phase coherent and true differential signal generation
— external devices control via USB or LAN (power meters, generators)
— RFFE usage

4.7.11 Noise figure measurement

Option R&S ZNA-K30

Software option R&S ZNA-K30 allows you to measure the noise figure of a 2-port DUT,
operating in its linear range.

4.7.11.1 Introduction

Noise figure (or noise factor, if the linear representation is chosen) is an important fig-
ure of merit for system designers and eventually determines the overall system perfor-
mance of a receiver.

A A

Sout T

S 1
" Nout T

Power Level
Power Level

k-
»>

Frequency Frequency

Y

Figure 4-27: Exemplary spectrum for a single tone excitation (left = DUT input; right = DUT output)
The general definition of the noise factor Fp, is the ratio of the signal to noise ratio

(SNR) at the input, to the SNR at the output of a DUT. In other words, it describes the
degradation of the SNR from the input to the output of a DUT.

Sin Sout
/Nin /Nout

Figure 4-28: Schematic showing the signal and noise powers relevant for noise figure calculations

Based on this formulation the equation can be written in linear terms as:
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S
F. = SNRin _ mXNm :SinNout: Nout
b SNR ¢ SOMXN SoutNin GpNi
out

S;, and Sp,; denote the signal power at the input and output of the DUT, respectively.
N,;, and N, represent the noise present at the input of the DUT and at the output of the
DUT, respectively. The gain G, of the DUT is defined by the ratio of the output signal
power to the input signal power:

Sout
Sin

GD:

The resulting formula for the noise factor Fp shows that the calculation depends on
precise knowledge of:

® the noise that is present at the input of the DUT,
® the noise present at the output of the DUT
® the gain of the DUT

These quantities must be measured during the different steps of a noise figure mea-
surement. In a post-processing step, these individual measurements are then used to
calculate the noise figure of the DUT.

O Typically, the noise factor Fj is displayed in decibel which is then called the noise fig-
= ure NFp = 10 log Fp. Noise figure and noise factor are used interchangeably through-
out this manual.

4.7.11.2 Algorithmic implementation

Cold source method

Historically, the noise figure of DUTs was measured using the Y-factor method with a
noise figure analyzer or with a spectrum analyzer. Because these measurement instru-
ments had no internal sources, they used an external broadband noise source
(switched on and off) to measure the noise and the gain of the DUT.

Nowadays, with the use of modern network analyzers, there is no need for an addi-
tional noise source and the Y-factor method. Instead, the so-called cold source method
is utilized, which uses broadly available and highly accurate power meters for calibra-
tion. The noise emitting from the DUT is measured with switched off internal VNA
source and a matched termination at the DUT input (typically a VNA port). The gain of
the DUT is measured with an active source and the calibrated VNA receivers.

Equivalent circuit

The internal calculations are performed in the noise temperature representation.

Compared to calculations using noise factors (or noise figures), this method can easily
account for different physical temperatures of the involved components. Furthermore,
with noise temperatures there is no need to apply corrections factors, if the compo-
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nents are on a different temperature than the reference temperature T, (= 290 K). The
equivalent circuit, which is internally used for the calculation of the DUT noise factor
Fp, is shown in Figure 4-29. G,; comprises the total external loss (net gain) between
the R&S ZNA port and the calibration plane, including connecting cables, additional
external attenuators, adapters, etc.

T, Gp
Goxt So‘{i Fn Meas. receiver
T ou——{®

T=Tzna =
T Tamb TI’ ec

Figure 4-29: Equivalent circuit used for the calculation of the DUT noise factor

A noise temperature T is converted into the corresponding noise factor F using the
equation:

F—1+T
= .

Source noise temperature

As already mentioned, it is important to have precise knowledge of the noise present at
the input of the DUT. The input noise temperature Tg,,. is derived from the internal
temperature of the R&S ZNA (typically around 38 °C) and the ambient temperature
T.mp Of the measurement environment. The ambient temperature is by default chosen
to 296 kelvins, which is close to a typical laboratory temperature of 23 °C. However, for
precise measurements the ambient temperature can be adjusted to the actual room
temperature (see "Advanced Settings" on page 376).

To calculate the effective noise temperature Tg,,c. at the DUT input, the external

attenuation (net gain) must be considered. Depending on the total external attenuation,
the “hot” internal temperature of the R&S ZNA is suppressed:

Ts‘ource = lomp + Gext(TVNA - Tamb)

Tyna represents the internal temperature of the R&S ZNA and G, is the external net

gain (cables, additional external attenuators, adapters, etc.) connected during calibra-
tion and measurement. The external net gain is automatically determined during cali-

bration.

Receiver noise temperature

The noise present at the output of the DUT cannot be measured directly. In fact, the
measured noise is always the sum of the noise emitting from the DUT and the noise
present in the receiver. An additional step is required during calibration to characterize
the noise of the receiver.
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For the receiver NF calibration, a well matched 50 Q load connected to the receiving
port and the noise power is measured. The model used for the receiver noise calibra-
tion is shown in Figure 4-30 and depicts the matched load (at ambient temperature)
directly connected to the receiver.

Meas. receiver

Y

TJ’BC

Figure 4-30: Model used for the receiver noise calibration

Using the model above, it is possible to calculate the receiver noise temperature T,
using the following formula:

Ny,
Trec = k;ec - Tamb

In this formula, Ny, . is the measured noise power during calibration, k is the Boltz-

mann constant (1.38064852e-23 J/K), and B is the equivalent noise bandwidth of the
used IF filter.

The equivalent noise bandwidth represents the cumulated normalized filter response.
In other words, it is the bandwidth of a rectangular filter which has the same integrated
noise power as the real filter. The calculation is done by the following equation:

H(jw)

Hmax

1

B:
21
0

dw

where H(jw) is the magnitude of the IF filter, H,,,, is the maximum value of H(jw).
DUT noise figure

Amplifier (non-frequency-converting DUTS)

The calculation of the noise figure (NF) of a non-frequency-converting DUT requires a
calibrated NF channel in the R&S ZNA setup. During calibration, important system
parameters such as Source noise temperature and Receiver noise temperature are
determined. The final noise factor Fp is then calculated using the following equation:

Npurmeas T
kB rec Tsource — To

GpTy To

Fp =

where
®  Npyrmeas I8 the noise power measured with the DUT connected to the VNA

T,ec and T,,cc are the source and receiver noise temperature, respectively, deter-
mined during calibration
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® Gpis the measured gain of the DUT

® T,=290 Kis the reference temperature

Frequency-converting DUTs

Due to the existence of image (receive) bands, the noise figure of a frequency-convert-
ing DUT is calculated slightly different than the noise figure of a non-frequency-con-
verting DUT. The noise factor Fp of a frequency translating DUT is calculated using the

following formula:

NDUT,meas T
kB rec . Tsource,RF - TD . GD..'M (Tsource,IM’ - TD)

F =
D TD

GD,RF TO TO GD,RF

where

®  Npyrmeas 1S the noise power measured with the DUT connected to the VNA

® T,..is the receiver noise temperature, determined during calibration

®  Tsourcerr @aNd Tgouce s are the noise temperatures at DUT input, at the RF and the
image frequency, respectively

® Gpgeand Gp y represent the gain of the DUT, measured at the RF and the image
frequency, respectively

To= 290 K is the reference temperature

default deactivated. However, under Advanced Settings it can be activated. With active
image band correction, additional measurements are required to determine the gain
Gp, iy and the source noise temperature T, ce -

O Due to the small error introduced by the image band, image band correction is by

Sideband correction

Typically, VNA receivers do not have any preselection filters within their signal paths.
However, due to their architecture, they exhibit additional receiving windows at higher-
order harmonics of the local oscillator frequency. Frequencies in these higher-order
sidebands are down-converted to the same IF frequency as the intended RF fre-
quency. Without additional measurements, these sideband contributions cannot be
separated from the contribution of the intended RF frequency band.

For typical network analyzer measurements with an active driving signal (S-parame-
ters, intermodulation, compression, ...), unsuppressed higher-order sidebands are not
an issue. Also for noise figure measurements on narrowband devices with less than an
octave bandwidth and an out-of-band suppression of more than 30 dB, they do not
impose significant measurement errors. But for noise figure measurements on a broad-
band DUT with several octaves of bandwidth (e.g. a distributed amplifier), they cer-
tainly cannot be ignored.

Noise figure option R&S ZNA-K30 uses a patented algorithm to remove the error intro-
duced by the higher-order sidebands, and to calculate the true NF of a DUT. Based on
additional measurements during calibration and measurement phase, the imperfect
receiver response is corrected mathematically.
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Noise power spectral densitiy
The noise power spectral density, or noise density for short, is calculated as

NPSD = ND = Npeas, corr/ B

where Nyeas. corr denotes the measured sideband-corrected noise power, and B the
equivalent noise bandwidth (see "Receiver noise temperature” on page 294). Nyeas. corr

is basically independent of what is currently connected to the test ports, so no distinc-
tion between calibration and DUT is required.

4.7.12 Measurement uncertainty analysis

Option R&S ZNA-K50/R&S ZNA-K50P

Measurement uncertainty analysis is available if option R&S ZNA-K50 and METAS
VNA Tools (version 2.2.6 or higher) are installed on the instrument.

O Option R&S ZNA-K50P offers the same functionality as option R&S ZNA-K50, but
= comes with METAS VNA Tools preinstalled. It can be shipped with new instruments or
installed at Rohde&Schwarz service.

The purpose of the METAS VNA Tools software is to compute uncertainties of S-
parameter measurements. After registration, you can download it from the VNA Tools
Internet site (https://www.metas.ch/vnatools).

® The uncertainty analysis of the METAS VNA Tools is limited to S-parameter mea-
surements. Uncertainty analysis of wave quantities is not supported.

® The uncertainty calculations are in line with EURAMET Calibration Guide No. 12
Version 3.0 (03/2018).

® |f external switch matrices are used, measurement uncertainty analysis is not sup-
ported.

METAS Calibration

The VNA firmware directly interacts with the DLLs of the METAS VNA Tools. During a
"METAS Calibration", the VNA firmware collects all data that are required to set up a
METAS VNA Tools project. After the "METAS Calibration"METAS calibration is comple-
ted, the analyzer is ready for real-time uncertainty analysis: after each sweep it passes
the raw (uncalibrated) S-parameters to the VNA tools and receives the calibrated S-
parameters plus uncertainties (95% confidence ellipse in the complex plane) in return.

The calibrated S-parameter traces plus their uncertainty bands can be displayed in
magnitude, phase, real and imaginary trace formats. The display of uncertainties in
complex diagrams (polar, Smith) is not supported.
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Figure 4-31: S-parameter measurements with uncertainty bands

Required input data for METAS VNA Tools:

® METAS VNA model (noise floor, trace noise, receiver linearity, drift)
This model is provided by the analyzer firmware.

® Connector types
Part of the uncertainty calculation is the number of reconnections between calibra-
ted ports and calibration standards or DUT. METAS VNA Tools provides "repeata-
bility models" for various connector types.

e METAS cable model
As cables (and cable movements) contribute to the measurement uncertainty, the
magnitude and phase stability of the cables must be considered. The VNA firm-
ware uses the cable models available in the local METAS VNA Tools installation.
You can add your cable models using its graphical user interface. Cable models
that ship with the VNA firmware are automatically added to the METAS database.

e (Calibration standard characterizations with uncertainties
Standard cal kit data does not contain information about the uncertainty of the
characterization. However, to get meaningful results, these uncertainties must be
considered and hence a "characterization with uncertainties" must be used.
Rohde&Schwarz calibration kits with accredited calibrations (ACA) include uncer-
tainties.

® Channel setup (IF bandwidth, power, ...) and calibration data
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Required to calculate the calibrated S-parameters and their uncertainties. If rele-
vant settings are changed on the VNA, these changes are also propagated to the
METAS VNA Tools.

® Measured S-parameters (uncalibrated)
The raw ("uncalibrated") data are handed over to the METAS VNA Tools after
every sweep for real-time correction and uncertainty analysis.

@ Only a single VNA channel can be METAS calibrated at a time.

Verification

To get precise information about the absolute measurement uncertainty after calibra-
tion, you can use verification standards, which are DUTs precisely characterized by the
manufacturer. Verification kits, which include multiple standards, deliver the most accu-
rate results for the measurement uncertainty.

Verification kits R&S ZV-Z4xx from Rohde&Schwarz contain a male and a female off-
set short, a male and a female mismatch, an attenuator and a stepped through. These
verification standards differ substantially from the conventional calibration standards —
Open, Short and Match — because they have different impedances. They are charac-
terized in steps of 250 MHz and specified together with their measurement uncertain-
ties. Characterization and uncertainties are accredited by the DAkks (Germany’s
national accreditation body).

The VNA firmware compares the uncertainties calculated by the METAS VNA Tools
with the accredited uncertainties and presents both uncertainty bands graphically. To
pass verification, the calculated band must be within the accredited band for the spe-
cific standard.

Cal kits and verification kits with uncertainties

Cal kits and verification kits with uncertainties have to be provided as *.zip or

* _scolv files. The comprised standards must be provided as *.sdatb, *.sdatcv,
or *.calstd files. The standard filenames must convey information about the file con-
tent:

e Standard type

— Calkit: open, short, load, match, through, sliding load, or
sliding match

— Verification kit;: offset short,mismatch, airline, mismatch airline,
att, attenuator, or stepped thru

® Gender: (f), (m), £, m ,female,male, (fm), fm , ...
If gender information is not found, the standard is assumed sexless.
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4.7.13 Security write protection

R&S ZNA-K51

With software option R&S ZNA-K51 "Security Write Protection" (SWP), the firmware
can be run in write-protected mode, i.e. all data that would otherwise be written to the
C: drive of your VNA are kept in RAM instead. After a restart of the instrument, these
data are gone without a trace.

RAM usage is limited to 1 GByte. When 90% (900 GByte) is used, a warning is dis-
played requesting you to reboot the instrument. When 100% is reached, the reboot is
performed automatically.

Option R&S ZNA-K51 is delivered as a separate installer, which has to be run on the
R&S ZNA and requires administrative privileges. The installed service runs in the back-
ground and can be accessed via the Windows system tray.

Figure 4-32: R&S ZNA-K51: system tray icon (SWP inactive)

For standard Windows users, SWP is disabled. To enabile it, right-click the system tray
icon and select one of the available actions:

Enable Security Write Protection (manual restart)
Enable Security Write Protection (immediate restart)

O For details see the R&S ZNA-K51 user manual that is installed with the software.

4.7.14 Continuous sweep up to 110 GHz (R&S ZNAG7EXT only)

R&S ZNA67-K110

This software option is preinstalled on a R&S ZNAG7 shipped with a VNA system
R&S ZNAGB7EXT. It enables continuous sweeps in the full range between 10 MHz and
110 GHz.

@ Software option R&S ZNA67-K110 is not available for regular R&S ZNAG7.
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4.7.15 Eazy de-embedding based on IEEE 370

Option R&S ZNA-K210

EaZy deembedding (EZD) is an implementation of the IEEE algorithm for generating
deembedding files from a symmetrical 2x thru measurement.

Option R&S ZNA-K210 allows you to model a test fixture using the EZD fixture model-
ing tool and to deembed selected ports using the generated touchstone files.

The EZD fixture modeling proceeds in the following steps:

1. Measure one or more test coupons for the related fixture.

2. Run the EZD tool to calculate the Touchstone files modeling the test fixture.

The calculated sNp files can then be used to deembed the DUT at selected ports.

4% E2D - Single Ended Ports

Measure Coupon Save Fixture Model

Coupon Type Sym 2x Thru

Load File or Measure

Active Display

Run Fixture Medeling Tool

O Timestamp Suppress Remeasure

Filenames Warnings Reset to Default

Advanced Settings...

Figure 4-33: Fixture modeling: EZD - Single Ended Ports dialog
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4> E2D -Balanced Ports
Measure Coupon Save Fixture Model

Sym 2x Thru

or Measure

Active Display

. Logical 2
(P2,P4)

Select Ports & Connect Coupon to VNA Run Fixture Medeling Tool

O Timestamp O Suppress Remeasure

Filenames Warnings Reset to Default

Advanced Settings...

Figure 4-34: Fixture modeling: EZD — Balanced Ports dialog

O ® For general information about fixture de-embedding, see Chapter 4.6.2.9, "Fixture
= modeling and deembedding", on page 242.

® Option R&S ZNA-K210 can be ordered with a new instrument or retrofitted at
Rohde&Schwarz service.

4.7.16 In-situ de-embedding

Option R&S ZNA-K220

This option offers a pre-installed or service-retrofitted version of AtaiTec's In Situ De-
Embedding (ISD) tool for fixture de-embedding.

The tool is integrated into the de-embedding functionality of the analyzer firmware.

O ® For general information about fixture de-embedding, see Chapter 4.6.2.9, "Fixture
= modeling and deembedding", on page 242.

® For detailed information about the ISD tool, see the product pages at http://atai-
tec.com/products/isd/

Tips for using ISD
The ISD User's Guide offers the following guidelines to get the most out of ISD:

1. The Touchstone files must have enough number of points.
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The minimum required is at least two points for every 90 degree phase angle
change in insertion loss (or 8 points per wavelength).

2. The "2x Thru’s" return loss must be smaller than its insertion loss.

3. The "2x Thru’s" insertion loss must be relatively linear, with a few wavelengths at
the highest frequency.

4. Use a 4-port "2x Thru" if strong far-end crosstalk (FEXT) is present.
5. Use a complete DUT w. fixture file for extraction.

Source: "In Situ De-Embedding (ISD) User's Guide" — November 11, 2018
4.7.17 Smart fixture de-embedding

Option R&S ZNA-K230

This option offers a pre-installed or service-retrofitted version of PacketMicro's Smart
Fixture De-embedding (SFD) for fixture de-embedding.

The tool is integrated into the de-embedding functionality of the analyzer firmware.

O ® For general information about fixture de-embedding, see Chapter 4.6.2.9, "Fixture
= modeling and deembedding”, on page 242.

® For detailed information about the SFD tool, see the product pages at https://
www.packetmicro.com/Products/sfd-tool.html.

4.7.18 Delta-L 4.0 PCB characterization

Option R&S ZNA-K231

Delta-L is a de-embedding methodology developed by Intel Corporation and is used for
de-embedding strip lines that include vias. Delta-L calculates the loss of PCB intercon-
nects and can be performed on single-ended or balanced interconnects.

The objective of Delta-L is to determine an insertion loss measurement defined on two
or more coupon lines of differing lengths. This ratio of insertion loss in dB/inch can be
applied to any trace length with similar vias.

O For background information, see

® https://www.intel.com/content/dam/www/public/us/en/documents/guides/delta-I-
plus-methodology-for-electrical-characterization-guide.pdf

® https://ieeexplore.ieee.org/document/7048423
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The R&S ZNA uses the Clear Signal Solutions AITT-DL implementation of the Delta-L
v4.0 algorithms (see https://clearsig.com/clearsig/tools/#Delta). It allows you to per-
form:

® 1L (one line/length) analysis

Typically used for high-volume manufacturing (relative comparison)
® 2| analysis

Typically used for board-quality validation (removes the test fixture impact)
® 3L analysis

Typically used for material characterization (best accuracy, self-validation of
results).

Q 0 Q 0 Q 0
o ) o “o o )
1L o 0 O 0

o o 2L o o

o p

o o 3L

Figure 4-35: Test coupons for 1L, 2L and 3L measurements

Option R&S ZNA-K231 can be ordered with a new instrument or retrofitted at
Rohde&Schwarz service.

4.7.19 Health and usage monitoring service (HUMS)

Option R&S ZNA-K980

The R&S ZNA comes with a health and utilization monitoring system (HUMS) providing
information about the R&S ZNA. Aim is to increase the overall utilization, to avoid
downtime and to increase the overall security level of a fleet of instruments.

HUMS provides, for example, information about:

® Health status

® Characteristics (device footprint)

® QOperation system / security patches

® Usage of options

e (Calibration and service information

Interfaces and protocols

The HUMS installation on the R&S ZNA includes an SNMP agent and a REST service
with HTTP endpoints. So you can access the health and usage information via LAN,
using the SNMP protocol or the REST protocol. Accessing the data does not interfere
with remote control via SCPI commands or with measurement execution.
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Instrument

Client PC

Firmware

Reference information for both protocols is available on the R&S ZNA at the address
http./<instrument>/api/hums/v1/documents?name=<interface>.

For <instrument>, enter the hostname or the IP address of your instrument, as for
access to the GUI.

For <interface> = snmp, you get a . zip file containing the MIB files for SNMP. For
<interface> = rest, you get a web page with the OpenAPI specification of the REST
API.

For further information about the HUMS service itself, see the R&S HUMS user man-
ual.

4.7.20 Internal 3rd and 4th source for 4-port R&S ZNA

R&S ZNAxx-B3

A four-port R&S ZNA has at least two internal sources. With two internal sources
(default), the physical ports of a four-port VNA are split into groups P1 = {1,2} and P2 =
{3,4} such that source 1 can only drive ports in P1 and source 2 can only drive ports in
P2. Independent signals require the source ports to reside in different port groups. For
example, you cannot use VNA ports 1 and 2 as independent source ports.

Hardware option R&S ZNAxx-B3 expands a four-port network analyzer R&S ZNAxx
with a third and fourth internal source. With four independent internal sources, a wide
range of Frequency conversion measurements can be performed, without the need for
additional (external) generators.
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4.7.21 Precision frequency reference

Option R&S ZNA-B4

An optional OCXO improves the static frequency accuracy of the R&S ZNA. For
details, refer to the data sheet.

4.7.22 Second internal LO generator for 4-port R&S ZNA

Option R&S ZNA-B5

For 4-port R&S ZNA, hardware option R&S ZNA-B5 provides a second internal LO that
enables parallel measurement of a- and b-waves in frequency converting measure-
ments.

The frequency range of the internal LO generators (1st and 2nd) is 10 MHz to
26.5 GHz.

® For 2-port R&S ZNA, option R&S ZNAxx-B52 offers a second internal RF source
@ and a second internal LO.

See Chapter 4.7.23, "Internal 2nd source and 2nd LO generator for 2-port

R&S ZNA", on page 306.

e |f the R&S ZNA is equipped with a second internal LO generator and an LO Out,
then the second internal LO generator is connected to the LO Out.

4.7.23 Internal 2nd source and 2nd LO generator for 2-port R&S ZNA

Option R&S ZNAxx-B52

Without additional HW options, a two-port R&S ZNAxx is equipped with a single inter-
nal source. This source can drive a single port at a time. Hardware option R&S ZNAXxx-
B52 provides a second internal RF source and a second internal LO.

The frequency range of the second internal RF source corresponds to the frequency
range of the related R&S ZNA. The frequency range of the LO generators (1st and
2nd) is 10 MHz to 26.5 GHz.

® |f the R&S ZNA is equipped with a second internal LO and an LO Out, then the
second internal LO is connected to the LO Out.

® For 4-port R&S ZNAXxx, option R&S ZNAxx-B5 offers a second internal LO.
See Chapter 4.7.22, "Second internal LO generator for 4-port R&S ZNA",
on page 306.
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With two independent internal RF sources (and the Internal combiner), the R&S ZNA
can generate (and combine) two-tone stimuli without the need for an additional genera-
tor (and combiner). Using Direct generator/receiver access, the upper-tone port can
serve as receiving port in intermodulation and two-tone group delay measurements.
And, with two independent internal RF sources the R&S ZNA can generate phase
coherent or true differential source signals.

The additional second LO source enables measurements with two frequency convert-
ers, and many additional Frequency conversion measurements without the need for
additional (external) generators. The LO Out (option R&S ZNA-B8) can also serve as
additional source.

Memory extension for data streaming

R&S ZNA-B7

Hardware option R&S ZNA-B7 comprises an additional memory board, that is exclu-
sively used for buffering data of the measurement and reference receivers. Compared
to the standard memory, the buffering speed is twice as high.

This high-speed memory is particularly useful for Measurements on pulsed signals,
because a high time resolution requires a high IF bandwidth and hence a large amount
of data to be buffered. The "Pulse Profile" sweep type uses the R&S ZNA-B7, if availa-
ble.

The doubled memory speed also doubles the number of wave quantities that can be
measured simultaneously at a given bandwidth. The following table presents optimum
values.

IF BW Time resolution Simultaneously measured wave quantities
(MHz) (ns) 2 4 8 16

0.1 552 v v/ v v

0.15 368 v v v with B7
1 48 v v v with B7
1.5 32 v v v with B7
2 24 v v with B7

10 16 v v with B7

15 16 v v with B7

20 8 v with B7

30 8 v with B7

The number of wave quantities that are required to measure a certain quantity,
depends on the setup and the calibration. E.g., a calibrated gain measurement with
"One Path Two Ports" calibration requires the simultaneous measurement of three

wave quantities.
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To retrofit the memory extension board, the R&S ZNA must be sent to Rohde &
Schwarz Service.

4.7.25 LO Out

R&S ZNA-B8

Hardware option R&S ZNA-B8 provides a dedicated Rear panel local oscillator output
port.

This port is particularly useful for driving millimeter wave converters. If you use a power
splitter to connect the LO Out of the R&S ZNA to the LO In ports of the converters,
then it is possible to measure n converter ports with an n-port R&S ZNA, without the
need for an external generator.

O On a R&S ZNAGB7EXT, this hardware option is preinstalled.

If the R&S ZNA is equipped with a second internal LO generator, then the second inter-
nal LO generator is connected to the LO Out.

4.7.26 RFFE GPIO interface

Option R&S ZNA-B15

The trend in mobile radio communication is towards higher scale of integration of exter-
nal components such as filters, switches, low noise and power amplifiers. The require-
ment for test and measurement equipment is to make it possible to control those com-
ponents directly from the instrument without the need of additional external tools, e.g. a
USB to RFFE adapter.

For these kinds of applications, Rohde & Schwarz has developed an RFFE-GPIO
extension board for the R&S ZNA. This board is equipped with a 25-pin female con-
nector interface providing 2 independent RF Front-End (RFFE) interfaces according to
the MIPI® Alliance "System Power Management Interface Specification" and 10 Gen-
eral Purpose Input/Output (GPIO) pins. RFFE command execution and GPIO voltage
settings can be synchronized with the sweep (sweep sequencer functionality); how-
ever, RFFE read is not supported in sweep sequencer mode.

Variants

The following variants of the RFFE-GPIO extension board are available:
® R&S ZNA-B15 variant 02, order number 1332.4575.02

® R&S ZNA-B15 variant 03, order number 1332.4575.03, including current and volt-
age measurements for all RFFE and GPIO pins
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Information about the voltage and current levels is available in Chapter 12.3.4, "RFFE -
GPIO interface", on page 1799.

The analyzer firmware automatically detects and supports it. The controlled devices
can be hot-plugged.

Risk of board and instrument damage

Please turn off the R&S ZNA before mounting an internal RFFE-GPIO extension
board R&S ZNA-B15. A hot plug installation is not supported and can damage board
and instrument.

@ There is no need to perform any kind of calibration or alignment of the extension board.

Current and voltage measurements (variant 03 only)

For test purposes, variant 03 of the R&S ZNA-B15 can apply constant, pin-specific out-
put voltages not only to the GPIO pins but also to the individual RFFE pins. Further-
more it can measure the (resulting) voltages/currents at these pins using suitable shunt
resistances. The firmware takes 500 samples per millisecond (and pin) and calculates
the average voltages/currents over the configured measurement time.

RFFE Cable with adapters (R&S ZN-Z25)

A 2m ribbon cable for connecting a DUT to the RFFE GPIO interface — along with a set
of adapters — is shipped with each RFFE GPIO extension board. It splits the 25-pin
connector of the RFFE GPIO interface to four 10-pin socket connectors. The adapters
provide several different pin configurations.

O This interface cable/adaptor kit can also be ordered separately from Rohde & Schwarz
= (R&S ZN-Z25, order no. 1334.3424.02). For a detailed pin description, see the
R&S ZN-Z25 data sheet.

4.7.27 Direct generator/receiver access

R&S ZNAxx-B16

Hardware option R&S ZNAxx-B16 provides direct access to the Ref, Source and Meas
signal path for each test port of an analyzer R&S ZNAxx.

Port 1 Ref Source Meas

Omr

Tx Rx
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The corresponding connectors are located on the front panel, beneath the related test
port (see Chapter 3.2.1, "Front panel", on page 35.

® The Source Out signal comes from the internal RF signal source. The Source In
signal goes to the test port.

® The Ref Out signal comes from the coupler and provides the reference signal. The
Ref In signal goes to the reference receiver.

® The Meas Out signal comes from the coupler and provides the received signal (to
be measured). The Meas In signal goes to the receiver input for the measured sig-

nal.
‘ Meas. Receiver ‘ :D
e ]

Meas Out

‘ Ref. Receiver ‘4 -

\ F[ -

VAN Ref Out 7
—— (ponr

Source Out

Direct generator/receiver access can be used to insert external components such as
amplifiers, attenuators or external signal separating devices into the signal path. E.g., a
power amplifier can be inserted between Source Out and Source In to boost the test
port power. In this sense, direct access enables custom measurements, e.g. to test
high-power devices or to extend the dynamic range.

If no external components are connected, each Out/In loop must be closed using a
jumper.

O On a R&S ZNAG7EXT, hardware option R&S ZNAG7-B16 is preinstalled.

Reverse Coupler Configuration

The reverse coupler configuration is obtained by a simple reconnection of the direct
generator/receiver access jumpers.

By inverting the signal routing of RF out and measurement path, the sensitivity of the
measurement receiver is increased by 10 dB to 20 dB .
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Test Port
,—'_I—

N W Port

Standard )
configuration a b

Coupler
reversed

Figure 4-36: Standard vs. reverse coupler configuration

pler configuration. Its compression point is reduced by 10 dB to 20 dB, compared to
the standard configuration. Furthermore the source power level of the test port is
reduced by 10 dB.

@ Make sure not to overdrive the measurement receiver, when using the reversed cou-

4.7.28 Additional removable system drive

Option R&S ZNA-B19

Option R&S ZNA-B19 provides an additional removable system drive for the R&S ZNA,
including operating system and VNA firmware.

4.7.29 Source step attenuators

Option R&S ZNAxx-B21|B22|B23|B24

Hardware option R&S ZNAxx-B2y provides a mechanical source step attenuator for
physical port y of a R&S ZNAXxx.

Attenuation can be set from 0 to 70 dB, in steps of 10 dB.
4.7.30 Direct IF access

Option R&S ZNA-B26

Hardware option R&S ZNA-B26 enables direct access to the IF signal path of the
R&S ZNA via Rear panel connectors IF Reference <i> and IF Meas <i>.

® Switchable, 1 GHz analog bandwith

® System extension with external digitizer (spectrum analyzer, scope)

® Beneficial for antenna measurement systems
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O On a R&S ZNAG7EXT, this hardware option is preinstalled.

4.7.31 Receiver step attenuators

Options R&S ZNAxx-B3n

Receiver step attenuators are used to adjust the received signal levels to the input
level range of the analyzer to avoid damage to the instrument, e.g. if the DUT is a
power amplifier.

Hardware option R&S ZNAxx-B3n provides a receiver step attenuator for physical port
y of a R&S ZNAxx. The attenuation values can be set between 0 dB and 35 dB (in 5
dB steps); see "Receiver Step Att." on page 532.

O On a R&S ZNAB7EXT, hardware options R&S ZNAG7-B3n are preinstalled.

4.7.32 Internal pulse modulators

Option R&S ZNAxx-B4y

Software-enabled hardware option R&S ZNAxx-B4y provides an internal pulse modula-
tor for physical port y of a R&S ZNAXxx.

Switch times are limited to 1 s or higher.
4.7.33 Trigger board

Option R&S ZNA-B91

Hardware option R&S ZNA-B91 adds the following BNC connectors to the Chap-
ter 3.2.2, "Rear panel", on page 41 of the R&S ZNA:

® 3 triggerin, 4 trigger out

® 4 external pulse modulator control signals (I/O switchable)

® Busy and ready for trigger indication

® +28V Noise Source Control

® RF OFF control input

All logic levels are LV-TTL 3.3V, 5 V tolerant.
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O Currently, there is no GUI for the +28 V Noise Source Control. The power can be
= switched on/off using CONTrol:NOTISe:SOURce [ : STATe].

4.7.34 Direct source monitor access

R&S ZNAxx-B161/-B163/-U161/-U163

For instruments that are equipped with Source step attenuators, the direct source mon-
itor options give access to the unattenuated generator signals of port 1 and 3. The sig-
nal does not have to pass the respective source step attenuator, which is particularly
useful for measurements requiring a low stimulus power, such as high gain (converter)
measurements. Taking the "attenuated" signal as the reference signal would result in
noisy results, so it is recommended to use the monitor signal as the reference signal in
this case.

® Option R&S ZNAxx-B161 provides direct access for port 1 of a R&S ZNAXxx.

® Option R&S ZNAxx-B163 is available for 4-port models only. It provides direct
access for port 1 and port 3.

Direct source monitor access is only available for instruments with Direct generator/
receiver access. The unattenuated source signal is available via monitor ports below
the respective direct-access connectors. Simply by rejumpering the direct-access ports
from "Ref Out — Ref In" to "Src Mon Out — Ref In", the monitor signal can be used as
the reference signal:

Port
C @ Out In O
i Src Source
Step
Att out

Src Ref :] Meas

Mon In

Out

Porty Ref Source Meas Rec
Out Out Step
Att

I In I In i ?

O sem
Src Mon Out

Figure 4-37: Standard B16 jumpering
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Porty=1,3
O @ Out In
i Src Source
Step
Att Out Om
Src Ref Meas
Mon In Q=
Out J
Porty Ref Source Meas Rec

O out out Step
Att
(\Ir; In

Src Mon Out

Figure 4-38: B16 jumpering for direct source monitoring

® Options R&S ZNAxx-B161/163 are only available with hardware option
R&S ZNAxx-B16 (see Chapter 4.7.27, "Direct generator/receiver access",
on page 309). Furthermore:

— R&S ZNAxx-B161 requires R&S ZNAxx-B21
— R&S ZNAxx-B163 requires R&S ZNAxx-B21 and R&S ZNAxx-B23
(see Chapter 4.7.29, "Source step attenuators", on page 311)

® Upgrade kits R&S ZNAxx-U161/U163 are available to retrofit direct source monitor
access, with the same logic and prerequisites as for options R&S ZNAxx-
B161/163. The R&S ZNA must be sent to Rohde & Schwarz service though.

4.7.35 Internal combiner

Options R&S ZNAxx-B212/B213

On a 2-port R&S ZNAxx with hardware option R&S ZNAxx-B212, the source signals
generated at physical ports 1 and 2 can be internally combined and routed to port 1.

On a 4-port R&S ZNAxx with hardware option R&S ZNAxx-B213, the source signals
generated at physical ports 1 and 3 can be internally combined and routed to port 1.

No external combiner or additional cabling is needed. The performance loss of using
the coupler as combiner is avoided.

An internal combiner is particularly useful for Intermodulation measurements and
Embedded LO mixer group delay measurements, that require a two-tone signal.

It is possible to switch the combiner on or off between channels.
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® Two-tone signals are not supported, if External switch matrices are part of the RF
connection configuration.

® On a 2-port R&S ZNAxx, option R&S ZNAxx-B212 requires a second internal
source.
See Chapter 4.7.23, "Internal 2nd source and 2nd LO generator for 2-port
R&S ZNA", on page 306.

® On a4-port R&S ZNAXxx, option R&S ZNAxx-B213 requires R&S ZNAxx-B21 and
R&S ZNAxx-B23, i.e. source step attenuators at ports 1 and 3.
On a 2-port R&S ZNAxx, option R&S ZNAxx-B212 only requires R&S ZNAxx-B21.
See Chapter 4.7.29, "Source step attenuators”, on page 311.

® To retrofit the internal combiner, the R&S ZNA must be sent to Rohde & Schwarz
service.

4.7.36 Internal low noise preamplifier

Hardware options R&S ZNAxx-B302, R&S ZNA50-B312, R&S ZNA67-B312

Each of these hardware options provide an internal low noise pre-amplifier (LNA) at
receive port 2 of a R&S ZNAxx, which is installed in parallel to the receiver step attenu-
ator. The LNA can apply a power gain of 20 dB, 25 dB, or 30 dB.

R&S ZNA50/67-B312 is not subject to export control restrictions, but if this HW
option is installed, the spectrum analysis software option R&S ZNA-K1 is blocked.

® Both R&S ZNAxx-B302 and R&S ZNA50/67-B312 require:
— Direct generator/receiver access (option R&S ZNAxx-B16)

@ ® R&S ZNA50/67-B302 is subject to export control restrictions.

— Arreceiver step attenuator at port 2 (option R&S ZNAxx-B32)
The internal LNA reduces the noise figure of the receiver at port 2 of the R&S ZNA,

improving the quality of its Chapter 4.7.11, "Noise figure measurement”, on page 292.

A schematic of the internal circuitry is shown in Figure 4-39.
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Figure 4-39: LNA circuitry: standard
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For optimum receiver noise performance, it is recommended to use the Direct genera-
tor/receiver access in the reversed coupler configuration, as shown in Figure 4-40.

Meas. receiver

Ref. receiver

Source

R&S®ZNAxx-B22:
Source step att
(0-70 dB/10 dB)

®

Figure 4-40: LNA circuitry: direct access with reversed coupler configuration
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S

Meas In| ~

10 dB [

-l—l— Ref Out| ~

S
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Port 2 REF SOURCE MEAS

This configuration changes the connection of the source and the receiver at the cou-
pler, as can be clearly seen in the simplified schematic in Figure 4-41. The LNA and
the cascaded receiver are therefore directly connected to the port without coupling

loss, which further improves the overall receiver noise figure.
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®

Ref. receiver

Source

Figure 4-41: LNA circuitry: reversed coupler configuration (simplified)

Reversing the coupler and activating the LNA at port 2 lowers the 0.1 dB compression
point to approximately -40 dBm. Choosing a lower gain of the LNA improves the com-
pression point.

Internal low power spur reduction amplifier

Hardware options R&S ZNAxx-B501, R&S ZNA50-B511, R&S ZNA67-B511

The purpose of these options is to lower the local oscillator (LO) leakage at port 1,
which is required for properly measuring high gain DUTs (> 60 dB) or DUTs with low
input compression. To suppress the LO leakage, it adds a 30 dB switchable low noise
amplifier (LNA) to the receiving path of port 1.

The LNA is located after the receiver step attenuator, which can be freely set and
therefore allows you to optimize the input compression and noise behavior at this mea-
surement receiver. See Figure 4-42.

@ ® R&S ZNA50/67-B501 is subject to export control restrictions.

R&S ZNA50/67-B511 is not subject to export control restrictions, but if this HW
option is installed, the spectrum analysis software option R&S ZNA-K1 is blocked.

® The R&S ZNAxx must be equipped with a receiver step attenuator at port 1 (option
R&S ZNAxx-B31)
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Figure 4-42: Internal Low Power Spur Reduction Amplifier circuitry: standard

To suppress the overall LO leakage at the port further, it is recommended to use the
Direct source monitor access at port 1 (option R&S ZNAxx-B161). This configuration
suppresses the LO leakage of the reference receiver. A full schematic showing the
internal configuration is shown in Figure 4-43.
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| ScMu

Meas Out

Meas In

10 dB
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Ref In
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N [ D]
1 wod
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Figure 4-43: Internal Low Power Spur Reduction Amplifier with Direct Source Monitor Access

A simplified schematic showing only the relevant components for operation with only
minor LO leakage is shown in Figure 4-44.
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Figure 4-44: Internal Low Power Spur Reduction Amplifier with Direct Source Monitor Access (simpli-
fied)

USB-to-IEC/IEEE adapter

R&S ZVAB-B44

Hardware option R&S ZVAB-B44 (order no. 1302.5544.03) comprises an adapter and
driver software for controlling external devices via IEEE 488 / IEC 625 (GPIB). The
driver software is installed on the network analyzer. Connect the USB port of the
adapter to any of the master USB connectors on the front or rear panel of the analyzer.
Connect the GPIB port of the adapter to the external device.

This hardware option is required, if you want to use GPIB for two purposes at the same
time:
® {o control the R&S ZNA from an external controller
(via the built-in GPIB bus connector)
® {o control external devices from the R&S ZNA
(via the adapter)

To get the adapter to work, you have to install the NI VISA library on the R&S ZNA.

External power meters

The connection of an external power meter to the R&S ZNA can serve different purpo-
ses.

e Extended measurement functionality: Each external power meter represents an
additional receive port. External power meters increase the number of RF input sig-
nals of a DUT that the analyzer can measure simultaneously. They can also pro-
vide accurate results for signals at inaccurate or unknown frequencies. A typical
example is a mixer measurement with an unknown LO signal (and therefore
unknown IF output frequency).
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VNA
(L () |

RF Control connection

(e.g. USB)
Power meter / sensor

® Power calibration: An external power meter can measure the exact signal power at
an arbitrary point in the test setup (reference plane) and thus provide the reference
values for a power calibration. A typical example is a source power calibration for
an arbitrary analyzer port.

VNA
() (=) |

From VNA Control connection

source port (e.g. USB)
Power meter / sensor

Power calibration plane

LO IF

—__Yy___

External power meters must be configured with their connection type and device
address before they are available as additional receivers (System — [Setup] > "External
Devices" > "Power Meters"). Configured power meters appear in many control ele-
ments of the R&S ZNA, e.g. in the port configuration and in the power calibration dia-
logs.
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Zeroing

Zeroing calibrates the external power meter by adjusting its reading at zero signal
power. For this purpose, the RF cable between the analyzer and the power sensor
must be disconnected (see tips below!). R&S power sensors and power meters auto-
matically detect the presence of any significant input power. This aborts zeroing and
generates an error message. Zeroing can take a few seconds, depending on the power
meter model; refer to the documentation of your external power meter for more infor-
mation.

Repeat zeroing

® During warm-up after switching on or connecting the instrument

® After a substantial change of the ambient temperature

® After fastening the power meter to an RF connector at high temperature
® After several hours of operation

® When low-power signals are to be measured, e.g. less than 10 dB above the lower
measurement limit.

A reset of the network analyzer does not affect the last zeroing result.

Power meters for mm-waves

The R&S ZNA supports the following power meters that are particularly suitable for
mm-wave converters.

® R&S NRP110T or its predecessor R&S NRP-Z58 for frequencies up to 110 GHz

Figure 4-45: R&S NRP110T

This power meter is equipped with a 1mm coax connector, so a suitable WRxx to
1 mm adapter is required. For details concerning its usage, see the
R&S NRPxxT(N) or R&S NRP-Z Power Sensors User Manual.

® VDI Erickson power meters PM5 and PM4 for frequencies above 110 GHz

VDI Erickson power meters PM5 and PM4

For frequencies above 110 GHz, VDI Erickson power meters PM5 or PM4 can be
used.
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The power meter's sensor head is equipped with a WR10 waveguide connector, so
depending on the frequency converter model a suitable WRxx to WR10 waveguide
taper is required. For details concerning its usage, see the respective PMx manual that
is available from the VDI Erickson power meter product pages (http://vadiodes.com/
index.php/en/products/power-meters-erickson).

Control connection

The control units of the PMx power meters are connected to the R&S ZNA via USB.
The PMS5 control unit is equipped with a USB interface, for the PM4 an additional USB-
to-RS232 adapter is required. The PM5 can be auto-configured, the PM4 has to be
configured manually.

The required USB-t0-RS232 adapter is not delivered with the PM4. Presumably, an
adapter-specific driver must be installed on the R&S ZNA.

After installing the required drivers and connecting the PM4 to the R&S ZNA, you can
find a new virtual COM port in the "Ports (COM & LPT)" section of your Windows
"Device Manager":

=3 ReyDoaras

8 Mice and other pointing devices

& Monitors

P Metwork adapters

v Ports (COM & LPT)

ﬁ Prolific USB-to-Serial Comm Port (COMET)
% USEB Serial Port (COMBES)
& USE Serial Port (COMB6)

1 Print queues

I Processors

I? R&S PCle Measurement Devices

& Rohde & Schwarz cunnarted devices

In the above screenshot, a converter cable with prolific chipset was used.

O If you are in doubt about the related COM port, disconnect the PM4 and see which port
= will disappear and appear after reconnecting.
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When configuring the PM4 in the External Power Meters dialog, the "Raw Serial" inter-
face must be used, and the related COM port ("COMS87" in our example) must be
entered as "Address" parameter.

@ Add External Powerme... @@

Address of New Instrument
interface
Raw Serial

Address
COMBY :

Driver for New Instrument

Serial Number ﬂm*ormahﬂn x

Please enter PM4 com port into address field
{e.g. COM3)

Cancel 0 Help

Ranging

For power meters PMx, setting the power range remotely is not supported by the
R&S ZNA firmware.

Adjust the range switch of the PMx so that the maximum RF output power of the fre-
quency converter is within the selected power range. See the data sheet of the related
converter type and the suitable PMx manual for details.

Zeroing

To increase calibration accuracy — in particular for low measurement ranges — zeroing
the PMx power meter is recommended. Zeroing is also recommended before a refer-
ence receiver calibration.

After mounting the sensor head to the frequency converter, allow sufficient thermal set-
tling time (1 hour is recommended). After the system has reached thermal equilibrium,
switch off the converter’s RF output power by selecting Channel — [Pwr Bw Avg] >
"Power" > "RF Off All Chanels" on the R&S ZNA. Press the [ZEROQO] button on the front
panel of the PMx. After that, reactivate the converter’s output power by deselecting
"RF Off All Chanels".

O For the PM5, zeroing can also be done from the analyzer GUI (Trace — [Meas] >
= "Power Sensor" > "Auto Zero". For the PM4, "Auto Zero" is not supported.
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4.7.40 External generators

The connection of an external generator to the R&S ZNA can serve different purposes.

e Extended measurement functionality: Each external generator represents an addi-
tional source port. External generators increase the number of RF input signals for
the DUT. A typical example is a mixer measurement with a 2-port analyzer, where
an external generator provides the LO input signal.

VNA

RF
Control connection
(e.g. USB)
IF
A

LO

External generator

RF
out

® Power calibration: An external generator can provide the reference signal for a
source or receiver calibration. A typical example is a receiver power calibration
using a measured wave b;.
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VNA
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Control connection
(e.g. USB)

External generator

RF
out

External generators must be configured in the System — [Setup] softtool before they
are available as additional sources. Configured generators appear in many control ele-
ments of the R&S ZNA, e.g. in the "More Ratios", "More Wave Quantities", port config-
uration and power calibration dialogs.

Reference frequency

To ensure frequency accuracy and frequency stability in a test setup where different
devices represent the signal sources and receivers, it is advisable to use a common
reference frequency. Accurate frequencies are particularly important if external genera-
tors are used for measurements with narrow measurement bandwidths.

A common reference frequency can be established in different ways:

® Use the analyzer as master device: Set the analyzer to "Internal”" frequency refer-
ence (System — [Setup] > "Freq. Ref." > "Internal") and operate all other devices in
external reference mode using the reference clock signal from the Reference Out
connector on the analyzer's rear panel.
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® Use another device as master: Set the analyzer to "External" frequency reference
and synchronize it (and all other devices) to the master's reference clock signal,
fed in at the Reference In connector on the analyzer's rear panel.

Fast sweep mode and conditions

In list mode the external generator steps through a predefined list of frequencies or sig-
nal powers. This mode can be used to accelerate the measurements involving external
generators. If "Fast Sweep" is activated in the "External Generators" dialog, the ana-
lyzer compiles a list of the stimulus values (frequencies and powers) in all channels
and transfers it to the generator. The list is automatically updated and retransferred
whenever the channel settings are changed.

The analyzer uses a trigger handshake mechanism in order to control the generator's
list mode:

® The generator sends an EXT GEN BLANK signal to pin no. 22 of the User Port
connector on the rear panel of the analyzer to show that it is ready to step to the
next frequency or power value in the list.

® The analyzer transmits an EXT GEN TRG signal at pin no. 21 of the User Port con-
nector in order to switch the generator to the next point in the list. Afterwards the
analyzer waits for the next EXT GEN BLANK signal.

If the User Port connection is interrupted during the measurement, the sweep is halted.
It is continued after a "Restart Sweep".

If the number of sweep points exceeds the maximum number of entries in the list

@ (depending on the generator type), the analyzer must interrupt the sweep in order to
send a new list and complete the stimulus information. This generally slows down the
measurement.

Measurement process for external generators
The measurement process for external generators "Gen 1", "Gen2" ... differs from the
measurement process for internal source ports:

® An external generator always represents a permanent signal source that is
switched on for all partial measurements.

® The external source is measured in the first partial measurement where an internal
source is active. This means that no separate partial measurement for the external
generator signal is needed. If no internal source is needed at all, the external
source is measured in the first partial measurement.

4.7.41 External switch matrices

4.7.411 Overview
From the perspective of the VNA, the purpose of a switch matrix is to extend the num-

ber of test ports. l.e. it converts an N-port network analyzer into an N'-port network
analyzer (N'>N) without modifying the instrument itself. The increased number of test
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ports can reduce or even eliminate the manual reconnections of the DUT, resulting in a
higher measurement speed, reliability and repeatability.

Starting with version 2.60, the firmware of the R&S ZNA is able to control switch matri-
ces from Rohde & Schwarz directly. For example, a 4-port R&S ZNA26 in combination
with two R&S ZN-Z85 can work as a multi-port network analyzer with up to 48 ports,
seamlessly performing the required matrix switching operations. However, the fre-
quency range of the switch matrix is limited to 20 GHz.

While it is allowed to connect multiple matrices to a R&S ZNA, matrix cascading is not
supported.

An N-port analyzer is always limited to measuring N signals simultaneously. |.e. even
though the DUT is fully connected to the switch matrix, youcannott measure all its b-
waves simultaneously. For example, consider a DUT with 6 unbalanced ports, connec-
ted to a 2-port analyzer via a 2x6 matrix (e.g. a R&S ZN-Z8x base unit without exten-
sions). For each stimulus port, 5 sweeps are required to measure the resulting b-
waves, 6-5 = 30 sweeps in total.

Furthermore, each additional sweep requires at least one matrix switching procedure.
This procedure involves command processing and physical switching and hence can
take some time to complete. For mechanical switches (such as R&S ZV-Z81 variant
66), in particular, switching is slow and causes mechanical wear. To optimize the mea-
surement setup w.r.t. speed and resources, the characteristics of the available switch
matrices have to be accounted for.

4.7.41.2 Matrix setup and operation

Setting up a switch matrix at the R&S ZNA firmware typically involves the following
steps:

1. Establish the physical connection via the appropriate management interface (USB
or LAN).

2. Register the matrix (as managed object).

3. Define the RF configuration:

a) Configure the matrix-VNA-connections according to the existing (or planned)
physical connections between VNA test ports and matrix VNA ports.

b) Assign the matrix test ports and the remaining VNA ports (i.e. the VNA ports
not connected to a matrix VNA port) to DUT test ports.

After this initial setup, the R&S ZNA takes control of the attached matrices: it allows
you to configure the test ports and dynamically establishes the required matrix routes
according to the current measurement task.

O To make a measurement, set up a channel where all unused logical ports are disabled.
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Switch matrices are global resources: their configuration is not part of a recall set.
However, a recall set contains information about the required matrices and their RF
connections. At the time the recall set is loaded, the R&S ZNA checks whether the
same matrix setup is still active. If not, a wizard guides the user through the matrix con-
figuration.

4.7.41.3 RF connections and matrix connectivity

Depending on the design of the switch matrix and the RF connections between VNA
and matrix, the following limitations can occur:

® (Certain matrix test ports are not available for measurements
® (Certain transmission measurements are not possible
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Example:

The 4x24 extension of switch matrix R&S ZN-Z84 consists of 2 separate 2x12 subma-
trices. Matrix VNA ports of the "left" submatrix cannot be connected to the test ports of
the "right" submatrix and vice versa. If none of the two VNA ports of a submatrix is con-
nected to the VNA, then obviously you cannot use the test ports of this submatrix for

measurements.
R&S ZNx
® [ VNA ports
A g g 3 Matrix VNA ports
R&S ZN-Z84 Left 2x12 submatrix Right 2x12 submatrix
4x24 full crossbar full crossbar
13. 14. 15. 16 17. 18. 19. 20. 21. 22. 23. 24. .
9 2? ‘e 4; ‘9 ‘@ ‘9 ‘e ‘@ '@ '@ 2@ Matrix test ports
L1
Transmission measurement possible not connectable

Figure 4-46: Unconnected right submatrix

With the same extension type, connecting one of two submatrix VNA ports enables
reflection measurements for the corresponding matrix test ports. However, as long as a
second connection between the VNA and this submatrix is missing, "intra-submatrix"
transmission measurements are still impossible.

R&S ZNx
® ® VNA ports
{ ] { ] o ( ]
A C B D
R&S ZN-Z84 Left 2x12 submatrix Right 2x12 submatrix
4x24 full crossbar full crossbar
13. 14 15. 16. 17. 18. 19. 20, 21. 22. 23 24.
1. 2; 3. 4 5. 6, 7. 8 9 10. 11; 12.
7 e

L
Transmission measurement
not possible

... possible ... not possible

Figure 4-47: Partially connected submatrices

Basically the same argument holds true for variant 16 of switch matrix ZV-Z82, which
consists of 4 separate 1x4 submatrices and that allows "inter-" but no "intra-submatrix"
transmission measurements.
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Figure 4-48: ZV-Z82-16: limited connectivity

4.7.41.4 Multiple paths: precision vs. speed

A switch matrix can offer multiple routes to a given matrix test port. Hence, measure-
ments can be performed using different physical paths, where a path consists of the
traversed VNA connections and matrix routes.

These paths can have different characteristics - in particular if the corresponding matrix
routes differ in the number of semiconductor or mechanical switching functions that
have to be traversed.

Example:

For switch matrix ZV-Z82-09, every test port can be reached via two different routes,
traversing either one or two semiconductor switches:
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Q Priority 1 Routes Q

566666666

Figure 4-49: ZV-Z81 Routes and priorities

Example:

For an R&S ZN-Z8x, each route traverses exactly one of the equipped 2x6 modules.
The overall route quality is determined by the number of solid state switches traversed
on this 2x6 module:

2x6 Module
Priority 1 Routes

spaT SpaT

Iﬁ T
_I —

i_
SPAT SpAT % SPAT % SP4T % SP4T % SP4T %
I I ™~ ™~ ™~

Figure 4-50: Routes and priorities

@ See the data sheet of the respective switch matrix for details on the available routes.
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For every supported switch matrix, the available routes are prioritized according to the
number of switches they traverse (the rectangles in Figure 4-49).

® To obtain highest measurement precision, the driving port uses the "best possible"
(highest priority) route. On the other hand this can causes additional matrix switch-
ing procedures and hence can result in a reduced measurement speed.

® |f the focus is on measurement speed, the number of matrix switching procedures
is minimized, disregarding a possible loss in measurement precision.

The R&S ZNA allows you to select which optimization should be performed.

4.7.41.5 Multiple paths and calibration

must! For a high number of test ports, manual calibration is time-consuming and error-
prone, so automatic calibration (with auto-detection) is recommended.

@ With switch matrices, a signal loss of up to 25 dB is possible, so (full) calibration is a

During calibration, correction data are determined for all possible paths from the VNA
to the related test ports. For the currently supported matrices a maximum of 2 paths
per test port are available, resulting in a maximum of

® 2 paths per reflection measurement

Q© O

Route 1 Route 2

00000

® 2 paths per transmission measurement for a 2-port VNA:
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2-port VNA
QO O
Route 1 Route 2
oJololoJo

® 4 paths per transmission measurement for an N-port VNA with N=4
4-port VNA

Q© O Q© O

Route Route Route Route
22

O000O0 00000

@ This kind of "multipath calibration" offers the following additional benefit:

During manual calibration, the measured reflection/transmission coefficients are pre-
sented as memory traces — one per path. By comparing these traces, it should be pos-
sible to track down hardware problems (cables, connectors, matrix, ...) already during
calibration.

4.7.41.6 Cable sets R&S ZN-Z85ZNAC

Dedicated semi-rigid cable sets are available to connect the R&S ZNA to a switch
matrix R&S ZN-Z85.
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Table 4-27: Semi-rigid cable sets R&S ZN-Z85ZNAC

Cable type 2-port VNA 4-port VNA

R&S ZNA26/43 2.92 mm (f) to 2.92 mm (m) | 1339.4006.02 6-port matrices: 1339.4006.04 ™
12-port matrices: 1339.4006.06 ™

R&S ZNA50/67 | 1.85 mm (f) to 2.92 mm (m) | 1339.4006.03 * 6-port matrices: 1339.4006.05 ~
12-port matrices: 1339.4006.07 ™

" Supports:
e P11« PortA
® P2« PortBorP2« PortC

" Supports:
® P11« PortA
® P33« PortBorP2« PortB

™" Supports:

e Pl PortA

® P3« PortCand P2 « Port B, or P3 « Port B and P2 < Port C
® P4 PortD

4.7.42 Generic devices

The Generic Devices functionality allows you to control VISA-capable external devices
from the VNA that are a priori unknown to the analyzer firmware. Different device set-
tings can be applied for each channel (sequencer functionality).

O The firmware support of the R&S ZVAX-TRM extension unit is based on the generic
= devices functionality.

A generic device's control interface is declared in one or more device configuration
files, using the popular JavaScript Object Notation (* . §son file format). The following
top-level keys are supported:
® "Header"
The "Header" object describes the content of the config file. Currently only its
"File Format" key-value pair is evaluated and only the value 1.0 is accepted.

® "Device Identification"
The "Device Identification™ object describes the device properties the ana-
lyzer firmware has to consider when interacting with the device. Currently only its
"Settling Time" key-value pair is evaluated. It describes the time (number of
seconds) the firmware must wait after sending a command sequence to the device.
® "Commands"
The "Commands™" array defines possible commands (or rather command sequen-
ces) the analyzer firmware can send to the device.

Each command (sequence) is specified by:
— A "Command Name" (string value), identifying the command

— A cCommand List array whose members (JSON objects {"Command":
"<Device command>"} represent the individual commands to be sent to the
device.
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O The "Command Name" value must be unique within a configuration file. It is used to
= select the respective command sequence at the GUI or via remote control.

Example: Generic Device Configuration
{
"Header":
{
"File Format": 1.0
Hy
"Device Identification":
{
"Settling Time": 0.03
Hy
"Commands":
[
{ "Command Name": "MySettingl",
"Command List":

[

{ "Command": "My:Device:Command 1" },
{ "Command": "My:Device:Command 2" }
]
Hy
{ "Command Name": "MySetting2",

"Command List":
[

{ "Command": "My:Device:Command 1" }

O An identical "Settling Time" is used for all command sequences within a device config-
= uration file. If certain command sequences require a significantly longer/shorter settling
time, it is recommended to declare them in a separate config file.

4.7.43 External DLLs

The R&S ZNA firmware provides a plug-in interface that allows you to extend the VNA
firmware with custom functionality (measurements, device control, ...) .

The plug-in interface allows the external software to interact with the firmware before
and after a change of the:

® channel

® drive port

® sweep segment

® sweep point
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The plug-in then can perform arbitrary actions and eventually return data to the VNA
firmware:

® as custom traces
® as input values for math functions for the calculation of other traces

O To calculate a custom trace, the plug-in can make use of all data access points in the
= channel calculation chain. See Chapter 4.1.7.1, "Channel data flow", on page 120).

Furthermore, it can communicate with other processes / peripherals that are not part of
the VNA firmware or host OS.

4.7.43.1 Basic use case

A basic use case is the integration of a power supply into an arbitrary VNA sweep.

Suppose that you want to test an amplifier with various bias settings. To do so, you can
perform a CW sweep to measure S-parameters with different gate voltages applied to
the amplifier at each sweep point.

With one power supply channel connected to the amplifier’s gate, and another channel
connected to the amplifier’s drain, the measurement could proceed as follows:

1. At the beginning of the sweep, the power supply is initialized (e.g. voltage setting
and current limit for each power supply channel) and then switched ON.

2. At the beginning of each sweep point, the plugin sets the power supply gate volt-
age to the next value.

3. At the end of each sweep point, the plugin reports the power supply reading of the
gate voltage and drain current to the VNA. These readings are displayed in dedica-
ted traces.

4. Atthe end of the sweep, the power supply is switched OFF.

4.7.43.2 Technology

The plug-in interface is a traditional C style DLL interface. Suitable DLLs can be com-
piled using different platforms, such as C or MATLAB. A plug-in is installed in the firm-
ware as a * . zip file, containing the external DLL and, possibly, additional files to be
kept with the DLL.

An SDK for external DLLs is provided with the analyzer firmware on the Rohde&
Schwarz internet pages.

O For details, see the HTML help topics that are distributed with the plugin SDK.

Interactions of the external DLL with analyzer firmware and external devices are
synchronized with the measurement. Synchronization is done via callbacks from the
FW, at so-called interrupts. At an interrupt, the measurement takes a break and waits

User Manual 1178.6462.02 — 30 336



R&S®ZNA Concepts and features

Optional extensions and accessories

for the FW to continue. During an interrupt, the plugin can access external devices and
return results to the FW.

The VNA firmware can abort the processing in the external DLL at any time, e.g. on a
[Preset].

The DLL can handle certain trace types that must be uniquely named within the DLL. A
naming scheme for traces allows the firmware (and hence the user) to request a partic-
ular trace.

o If an external DLL is configured for permanent use, it performs a particular task (such
= as switching the state of a DUT or controlling external devices) without providing data.

4.7.43.3 Trace calculation in the channel calculation chain

To enable the calculation of trace results using data from external DLLs, a dedicated
calculation step for external DLLs is inserted directly before the averaging step in the
calculation chain (see Chapter 4.1.7, "Data flow", on page 120).

This position allows maximum flexibility, because:
® The trace calculation chain is limited to one input for one output

® The position allows the plugin to use the results of the averaging step, and the
trace data is calculated in the same way as for other calculation steps

® All internal measurement types can be used as input for the new calculation step

The new calculation step is only enabled if a plugin is installed (and active), and a cus-
tom trace is requested.

The new calculation step serves all active external DLLs. When custom traces are
requested, the firmware asks the related DLLs which input traces they need to calcu-
late "their" traces. During the calculation, the requested inputs are provided to the DLL,
which then calculates its requested traces.

Due to its position, all internal trace types are allowed as inputs. External types are
also allowed if no circular dependency is created between them.

4.7.44 Power added efficiency

The Power Added Efficiency (PAE) is the ratio of the added RF power generated by an
active two-port device (e.g. an amplifier) to the supplied DC power Ppc. The added RF
power can be expressed as the difference between the power of the outgoing wave b,
at the output of the DUT and the power of the incident wave a, at the input of the DUT;
hence:

|6, " ~1a,

PAE =

DC
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Positive PAE values indicate a gain in the RF power, negative values an attenuation.
The PAE is always smaller than 1.

The PAE measurement is based on the standard test setup for forward S-parameter
measurements on a 2-port DUT. An additional measurement to determine the supplied
power Ppc is required.

— pDG'."'
2
_| an| -
U
From VNA To VNA
source port n receive port m

1

DC power measurement

For the R&S ZNA an external power supply is required to measure Pp.

4.7.45 R&S ZNXSIM

With the R&S ZNXSIM PC simulation, you can have all the functions of an R&S ZNA,
R&S ZNB, R&S ZNB or R&S ZND on your desktop. Always accessible, even when you
do not have access to the hardware.

The same software that runs on the instrument (firmware) is used to run the simulation.

® The R&S ZNA firmware simulates all available R&S ZNA models. It can be instal-
led in parallel with an R&S ZNB or R&S ZND firmware, but only one of them can be
run at a time.

® The R&S ZNB firmware simulates all R&S ZNB, R&S ZNBT, and R&S ZND mod-
els. It also comprises the documentation for all these instruments.

® The R&S ZND firmware also simulates all R&S ZNB and R&S ZNBT models, but
only comprises the R&S ZND docs.
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- R&S ZNA Vector Network Analyzer ~ %3 Developer Mode - Simulation Config for ZNA 2,50 Beta..,  — O X

Configure Simulation S . : =
Sl i Active Settings  Select Instrument Options General Advanced About

ST Select Instrument:

Install Simulation Device Key ZNA 26 GHz, 2 ports

ZMA 26 GHz, 2 ports, 2 source, 2 local
Open Source Acknowledgment
ZMNA 26 GHz, 2 ports, 2 source, 2 local, lomult

&5 7| ecton 4 Z!
REtS ZNA Vector Network Analyzer INA 26 GHz, 2 ports, lomult

B Reset Factory State ZNA 26 GHz, 4 ports, 2 source

ZMA 26 GHz, 4 ports, 2 source, 2 local
User Manual

ZMA 26 GHz, 4 ports, 4 source
User Manual (PDF)

ZMNA 26 GHz, 4 ports, 4 source, 2 local

Switch Instrument

Reset Analyzer Settings

Figure 4-51: Instrument selection

For information on installation and licensing, see the R&S ZNXSIM Getting Started
manual available at https://www.rohde-schwarz.com/manual/ZNXSIM.

4.7.45.1 Simulation data

The firmware simulation displays traces. To this end, it loads simulation data from file,
by default from

C:\Program Files\Rohde-Schwarz\Vector Network Analyzer\ZNA\
Resources\Simulation\Measurements\
InputBufferGroupSimulation.s4p.

This Touchstone file contains the 16 S-parameter traces of a 4-port network (4x4 S-
matrix), measured at 1193 points in the frequency range from 0 GHz to 70 GHz. The S-
Matrix "simulates" a linear network (DUT) connected to VNA ports 1 to 4.

For 2-port VNAs, the left upper 2x2 submatrix is used.

For instruments with N = 4 ports (on the VNA and connected switch matrices), the firm-
ware replicates the loaded S-matrix [N/4]2 times, and uses the left upper NxN matrix:

N columns
s |s|is
N rows H
S S S
L-.é ..... .S..--nS

Figure 4-52: S-matrix replication
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By default, the firmware simulation applies InputBufferGroupSimulation.s4p to
all channels in all setups.

For each setup in the firmware simulation, you have two possibilities to define and
refine the simulated DUT.

1. Load setup-specific simulation data from file.
For the related setup, they take precedence over the default simulation data.

If the number of physical test ports is larger than the "rank" of the S matrix the firm-
ware loads from the specified file (N for sNp files), the previously mentioned repli-
cation logic applies.

2. Load channel-specific simulation data from file.
For the related channel, they take precedence over the data of the setup-specific
and default simulation data.
Again, the previously mentioned replication logic applies.

O To determine S; at a channel frequency, the firmware interpolates between the two
S “closest" frequencies of the S-parameter trace ultimately loaded for S;.

4.7.45.2 Simulation noise

The firmware simulation allows you to add noise to the simulated data, i.e. a random
small value added to the simulation data loaded from file. This random value changes
every sweep and every sweep point in time, with the effect of seeing more "realistic"
fluctuating traces, in particular in continuous sweep mode.

$ AL o I'--.u""l,-" Tl L

Figure 4-53: Simulation noise
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O ® Since version 2.60 of the analyzer firmware, simulation noise can be activated or
= deactivated from the analyzer GUI.
See Chapter 5.15.6, "More tab", on page 790.

® Make sure to deactivate "Simulation Noise" before exporting traces to file (see
Chapter 4.4.2, "Trace files", on page 176). Otherwise the exported results comprise
an "artificial” random component.
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5 GUI reference

This chapter describes the Graphical User Interface (GUI) of the analyzer.

The most convenient way to access the GUI functions is via Softtools. Hence the GUI
reference is structured accordingly.

The softtools, in turn, can be opened in the following ways:

® via the function keys in the control window

® via the keys on the virtual Chapter 3.3.2.6, "Hardkey panel", on page 53

® via the items in the main menu

For details, see Chapter 5.1, "Function keys and softtools", on page 342.

In case a GUI function can also be performed via remote control, one or more links at
the end of the function description point to the related remote control commands.

O For a general overview of the analyzer's capabilities and their use, refer to Chapter 4,
= "Concepts and features", on page 107.

5.1 Function keys and softtools

Most of the function keys in the control window serve as "openers" for an associated
softtool in the analyzer GUI.
By default, the following "opener logic" is applied:
® |f the associated softtool is not displayed, pressing the key
— opens the associated softtool

— activates its first enabled tab (default) or the last used tab (see "Use Default
Tab for Hardkey" on page 871)

— activates the first enabled input control on this tab (if any)

® |f the associated softtool is already displayed, pressing the hardkey
— activates the next enabled tab on the associated softtool (cyclically)
— activates the first enabled input control on this tab (if any)
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Trace
Meas Format Scale

Trace

config Line Marker

Auto Scale
Trace

Auto Scale
Diagram

RefValue =
Marker

Scale/Div
1048

RefValue
0dB

Ref Pos
9

Table 5-1: Function keys and softtools

Function keys and softtools

@) Mode
Graphical Zoom

— Mode

{
Coupling = Stimulus Zoom

Zoom
Select

Next Tab

Function Key Keyboard Shortcut Related Softtool Action

Trace — [Meas] Alt + Shift + A Meas softtool default

Trace — [Format] Alt + Shift + B Format softtool default

Trace — [Scale] Alt + Shift + C Scale softtool default

Trace — [Trace Config] Alt + Shift + D Traces softtool default

Trace — [Line] Alt + Shift + E Lines softtool default

Trace — [Marker] Alt + Shift + G Marker softtool default

Stimulus — [Start] Alt + Shift + J Stimulus softtool Selects an input control corresponding to the start,
stop, center or span of the active channel's current

Stimulus — [Stop] Alt + Shift + K sweep type.

Stimulus — [Center] Alt + Shift + F Activates the corresponding tab on the "Stimulus"
softtool.

Stimulus — [Span] Alt + Shift + H

Channel — [Pwr Bw Avg] | Alt + Shift + L Pwr Bw Avg softtool default

Channel — [Sweep] Alt + Shift + M Sweep Softtool default

Channel — [Cal] Alt + Shift + P Cal softtool default

Channel — [Chan- Alt + Shift + O Channel Config softtool | default

nel Config]

Channel — [Mode] Alt + Shift + R Mode softtool default

Channel — [Off- Alt + Shift + Q Offset Embed softtool default

set Embed]

System — [File Print] Ctrl + O File Print softtool default

System — [DUT] Ctrl + P DUT softtool default
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Function Key Keyboard Shortcut Related Softtool Action
System — [Applic] Ctrl + N Applic softtool default
System — [Display] Ctrl+ S Display softtool default
System — [Setup] Ctrl+T Setup softtool default
System — [Preset] Ctrl+U Preset softtool default + preset (normal or user-defined)

5.2 Meas softtool

The "Meas" softtool allows you to select the quantities to be measured and displayed.

A fundamental distinction is made between frequency converting and non-frequency
converting DUTs (see Chapter 5.2.1, "Measurement type", on page 344).

Access: Trace — [Meas]

Background information

aQ)

For a detailed description of all measurement results of the R&S ZNA, refer to Chap-
ter 4.3, "Measurement results", on page 149.

Efficient trace handling

aQ)

To select a result and display it as a trace, you can simply drag and drop the corre-
sponding button into a diagram area. See also Chapter 3.3.5, "Handling diagrams,
traces, and markers", on page 58.

Port activation on demand

If a requested result involves disabled ports, but could be calculated if those ports were
configured as single-ended ports with "logical port number = physical port number",
then the required logical port configuration is performed automatically.

For example, with P1 assigned to L1 and P2 disabled, S21 could be measured if P2
would be assigned to L2.

5.2.1 Measurement type

The R&S ZNA allows you to select between measurements on a non-frequency-con-
verting DUT ("S-Params") or a frequency-converting DUT ("Mixer Params").

O Measurements on frequency-converting DUTs require option R&S ZNA-K4.

Because some of the measurements are only available for either the one or the other
type of DUT, the tabs in the "Meas" softtool are adjusted according to the one selected.
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Meas softtool

Depending on the desired DUT and measurement, the measurement channel has to
be prepared in a particular way. A dedicated multi-channel setup dialog guides you
through the channel configuration (see Chapter 4.2.2.3, "Multi-channel setup dialog",
on page 139).

S-Params (Non-Frequency Converting DUTs)

The "Meas" softtool for non-frequency converting DUTs provides the following tabs:

) Mixer

(@) S-Params ) params

‘\ S-Params

rement

All
5-Params

More ime
I Time
5-Params... \ Domain

Y/I/k/u Parameters Time
Gate
Z&S-Parameters hr
F

Spectrum

External
DLL

Table 5-2: Meas softtool for S-Params Measurements

"Meas" softtool tab Channel Mode Required Software Option

S-Params tab S-Params -

Wave tab

Ratio | Harmonics tab S-Params The "Harmonics" part requires
R&S ZNA-K4

Noise Figure tab Noise Figure R&S ZNA-K30

Intermodulation tab Intermodulation R&S ZNA-K4

Gain Compression tab Amplifier Compression -

Time Domain tab - R&S ZNA-K2

Time Gate tab
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"Meas" softtool tab

Channel Mode

Required Software Option

Power Sensor tab

Spectrum tab

Spectrum

R&S ZNA-K1

External DLL tab

Mixer Params (Frequency Converting DUTSs)

All frequency converting measurements require software option R&S ZNA-K4 (see
Chapter 4.7.3, "Frequency conversion measurements"”, on page 263). If this option is
not available, the "Mixer Params" measurement type and the corresponding tabs are

not available.

() s-Params

Setup Frequency Scalar
Converting DUT...

Measurement
Conversion Gain

RF->IF

Conversion Gain
IF->RF

Reflection
RF Port

Reflection
IF Port

Feedthru
RF—=IF

Feedthru

IF—=+RF Time
Gate

More Reflection &

Feedthru...

a Wave RF Port
Conversion Gain

b Wave IF Port
Conversion Gain

More Waves...

Mixer Meas

Spectrum

Table 5-3: Meas softtool for Mixer Params Measurements

"Meas" softtool tab

Channel Mode

Required Software Option
(in addition to R&S ZNA-K4)

Scalar Mixer Meas tab

Scalar mixer measurements

Vector Mixer Meas tab Vector mixer measurements R&S ZNA-K5
Two Tone Group Dly tab (fre- Embedded LO mixer group delay | R&S ZNA-K9
quency-converting DUT) measurements

Noise Figure tab Noise figure measurement R&S ZNA-K30
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Meas softtool

"Meas" softtool tab Channel Mode Required Software Option
(in addition to R&S ZNA-K4)

Intermodulation tab Intermodulation measurements -
(frequency converting)

Gain Compression tab Converter compression

Time Domain tab Time domain analysis R&S ZNA-K2

Time Gate tab

Power Sensor tab - -

Spectrum tab Spectrum analyzer mode R&S ZNA-K1

5.2.2 S-Params tab

The "S-Params" tab gives access to measurements that are typically used to charac-

terize passive, non-frequency converting DUTs. S-parameters are the basic measured
quantities of a network analyzer. They describe how the DUT modifies a signal that is

transmitted or reflected in forward or reverse direction. S-parameters, and similarly Y-

and Z-parameters, fully characterize a linear DUT.

O Background information
S Refer to:
® Chapter 4.3.1, "S-parameters", on page 149
® Chapter 4.3.3, "Impedance parameters", on page 154
® Chapter 4.3.3.1, "Converted impedances", on page 154
® Chapter 4.3.3.2, "Z-parameters", on page 156
® Chapter 4.3.4, "Admittance parameters", on page 157
® Chapter 4.3.4.1, "Converted admittances", on page 157
® Chapter 4.3.4.2, "Y-parameters", on page 157
® (Chapter 4.3.6.3, "Imbalance and common mode rejection", on page 165
® Chapter 4.3.7, "Stability factors", on page 166

5.2.2.1 Controls on the S-Params tab

The appearance of the "S-Params" tab depends on whether the R&S ZNA is equipped
with the Frequency conversion measurements option R&S ZNA-K4.
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) Mixer
~ Params

Setup "\ S-Params

Measurement

-

512

Trace

(@) S-Params

Format Scale

Line Marker

5-Para

All
S-Params

More
5-Params... \

Y/Z/k/n Parameters

Z&S-Parameters 57

-v

v
L

Setup
Opens the S-Params setup dialog.

S-Parameter (selector)
Selects an S-parameters as a measured quantity for the active trace.

Single-ended (unbalanced) S-parameters are referred to as S<out>< in>, where <out>
and <in> denote the output and input logical port numbers, respectively.

If entered manually, <out> and <in> must be expressed using the same number of dig-
its. l.e. for <out>=10 and <in>=9 you can specify S<out>< in>as S1009 or S010009,
but not as S109.

In presence of balanced ports, standard S-parameters are defined in the form
S<m_out><m_in><out><in>, where output mode <m_out> and input mode <m_in> can
be one of:

e (d (differential, balanced)

® ¢ (common, balanced)

® s (single-ended, unbalanced)

It is also possible to display "raw" single-ended S-parameters within the same channel:
after setting the S-Parameter type to "S" any pair of (used) physical ports can be
selected.
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Remote command:
CALCulate<Ch>:PARameter:MEASure
CALCulate<Ch>:PARameter:MEASure:SENDed
CALCulate<Ch>:PARameter:SDEFine
CALCulate<Ch>:PARameter:SDEFine:SENDed

S<out><in>
Selects one of the four elements of the standard 2-port S-parameters as a measured
quantity for the active trace.

Remote command:

CALCulate<Ch>:PARameter:MEASure "<Trace Name>", "SI11" | "S12" |
"821" | "822"
CALCulate<Ch>:PARameter:SDEFine "<Trace Name>", "S11" | "sl2" |
"821" I "822"

All S-Params

With the active logical ports distributed to m DUTs with ny, ..., n,, ports, respectively, the
analyzer creates n,? + ... + n,,> diagrams and displays the full set of S-parameters, one
in each diagram. The diagrams are arranged as an n x n grid.

If "All S-Params" would result in more than 100 diagrams being created, it is disabled.

Remote command:
CALCulate<Ch>:PARameter:SDEFine
CALCulate<Ch>:PARameter:DEFine:SGRoup

More S-Params...

Opens a dialog that allows to select an arbitrary S-parameter as measured quantity,
along with a suitable Detector. See Chapter 5.2.2.3, "More S-Params dialog",

on page 353.

Y/ZIk/p-Parameters
Allows you to select other measurement results that are typically used to characterize
a linear DUT. All these results can be calculated from the DUT's S-parameters.

If entered manually, the logical port numbers must be expressed using the same num-
ber of digits. I.e. for <out>=10 and <in>=9 you can specify S<out>< in> as S1009 or
S010009, but not as S109.

Z <- S-Parameters «— Y/Z/k/u-Parameters
Allows you to select a converted impedance as measured quantity.

Model
Parallel Impedance

Series Impedance
Parallel Impedance
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A converted impedance is calculated from the corresponding S-parameter, which can
be selected in the pull-down lists below "Z «". In case a transmission parameter is
selected, you can choose between a series and a parallel impedance calculation.

For background information, see Chapter 4.3.3.1, "Converted impedances",
on page 154.

Remote command:
CALCulate<Ch>:PARameter:MEASure "<Trace Name>", "Z-S11" |

"7Z-S12" | "Z-S12SER" | "Z-S12PAR"
CALCulate<Ch>:PARameter:SDEFine "<Trace Name>", "Z-S11" |
"Z-S12"™ | "Z-S12SER"™ | "Z-S12PAR" |

Y <- S-Parameters < Y/Z/k/py-Parameters
Allows you to select a converted admittance as measured quantity.

Medel
Series Admittance

Series Admittance

Parallel Admittance

A converted admittance is calculated from the corresponding S-parameter, which can
be selected in the pull-down lists below "Y <" In case a transmission parameter is
selected, you can choose between a series and a parallel admittance calculation.

For background information, see Chapter 4.3.4.1, "Converted admittances",
on page 157.

Remote command:
CALCulate<Ch>:PARameter:MEASure "<Trace Name>", "Y-S11" |

"y-S12" | "Y-S12SER" | "Y-S12PAR"
CALCulate<Ch>:PARameter:SDEFine "<Trace Name>", "Y-S11" |
"Y-S12" | "Y-S12SER" | "Y-S12PAR" |

Y/Z-Parameters < Y/Z/k/py-Parameters

Allows you to select an admittance (Y-) or impedance (Z-) parameter as measured
quantity. Both Y- and Z-parameters can serve as an alternative to S-parameters for
characterizing a linear n-port network.

Y/Z/k/p Parameters Y/Z/k/u Parameters

¥fZ-Parameters bl ¥fZ-Parameters b

Y/Z-Parameter Y/Z-Parameter

In absence of balanced ports, Y- and Z-parameters are expressed as Y/Z<i><j>, where
<i> and <j> denote logical ports numbers. Otherwise they are expressed as Y/
Z<m_i><m_j><i><j>, where <m_i> and <m_j> denote the port modes of the related
logical ports <i> and <j>.
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For background information, see Chapter 4.3.4.2, "Y-parameters", on page 157 or
Chapter 4.3.3.2, "Z-parameters", on page 156.

Remote command:

CALCulate<Ch>:PARameter:MEASure "<Trace Name>", "Y11" |
"le"

CALCulate<Ch>:PARameter:SDEFine "<Trace Name>", "Y11" |
"le"

Imbalance/CMRR <« Y/Z/k/y-Parameters

Allows you to select an imbalance or common mode rejection ratio (CMRR) parameter
as measured quantity. These measurements are only available if at least one balanced
port is active.

Y/Z/k/p Parameters Y/Z/k/p Parameters
Imbalance/C(MRR ™ Imbalance/C(MRR ™

Imbalance/CMRR Imbalance /CMRR

- Imb y i CM". v

These parameters are expressed as "Imb_yis<ins" OF "CMRR yt><in>"» Where <out> and
<in> denote logical port numbers.

For background information, see Chapter 4.3.6.3, "Imbalance and common mode
rejection”, on page 165.

The "Imbalance Differential..." dialog opener button is only enabled, if a balanced and
two single-ended logical ports are configured in the Balanced Ports dialog. See Imbal-
ance Differential dialog.

Remote command:
CALCulate<Ch>:PARameter:MEASure "<Trace Name>", "IMB21" |

"IMB12" | "CMRR11" | "CMRR21"™ | "CMRR12"
CALCulate<Ch>:PARameter:SDEFine "<Trace Name>", "IMB21" |
"IMB12" | "CMRR11l" | "CMRR21" | "CMRR12"

Stability — Y/Z/k/y-Parameters
Allows you to select one of the three two-port stability factors K, y, or y, as measured

quantities.

Y/Z/kfn Parameters Y/Z/kfu Parameters Y/Z/k/u Parameters

Stability = Stability &7 Stability 57

Stability Stability Stability

The stability factor calculation is based on 2-port reflection and transmission S-param-
eters so that the input and output port numbers must be different. The pull-down list
contains all possible physical (single-ended) port combinations. For an analyzer with n
ports, provides n-(n-1) stability parameters.
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Stability parameters are expressed as "K gyis<in>'s "H1<outs<ins » @Nd "M2<oyt=<in> » Where
<out> and <in> denote logical port numbers.

A typical application of stability factors is to assess the stability of an amplifier. Stability
factors cannot be calculated in balanced port configurations. For background informa-
tion, see Chapter 4.3.7, "Stability factors", on page 166.

Remote command:
CALCulate<Ch>:PARameter:MEASure "<Trace Name>", "KFAC21" |

"MUF121" | "MUF221" |
CALCulate<Ch>:PARameter:SDEFine "<Trace Name>", "KFACZ21" |
"MUF121"™ | "MUF221" |

Balanced Ports...

Opens a dialog that allows you to enable/disable physical ports and to define logical
ports (balanced or unbalanced) in the active channel. See Chapter 5.2.2.5, "Balanced
Ports dialog", on page 355.

Note: If either multiple DUTs are configured (see Chapter 5.12.2.3, "Define Parallel
Measurement dialog", on page 690) or the "Fixture Simulator" is disabled for the rela-
ted channel (see "Fixture Simulator" on page 663), the "Balanced Ports..." button is
inactive (grayed out).

5.2.2.2 S-Params setup dialog

The "S-Params" setup dialog is an instance of the Multi-channel setup dialog. It allows
you to set up one or more channels for standard non-frequency converting measure-
ments (S-parameters, waves, ratios).

Access: Trace — [Meas] > "S-Params" | "Wave" | "Ratio" > "Setup"

0:& Setup

Setup

© ] | sparams QA

Driving Port

Sweep Type Start Frequency Stop Frequency Number of Points Freq Step Size Base Power

IF Bandwidth Step Att Receiving Port

10 kHz

Port Copy To New Copy To New _ _
Settings... v CH + Diagram v Channel " Apply v oK Szl 0 e
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5.2.2.3 More S-Params dialog

Allows to select an arbitrary S-parameter as measured quantity, along with a suitable
Detector.

Access: Trace — [Meas] > "S-Params" > "More S-Params..."

4'2# More Params @@

Define
5-Parameter
El -
Properties

Detector Detector Meas Time

S-Parameter
See "S-Parameter (selector)" on page 348.

Detector
Selects the algorithm that is used to calculate the results points from the raw measure-
ment data.

For details refer to Chapter 4.3.5.3, "Detector settings", on page 160.

Remote command:

CALCulate<Ch>:PARameter:MEASure
CALCulate<Ch>:PARameter:SDEFine
[SENSe<Ch>:]SWEep:DETector:TIME

5.2.2.4 Imbalance Differential dialog

Allows you to measure the differential mode imbalance of a DUT with balanced input
and output ports, connected to a balanced and two single-ended logical ports at the
VNA.

Access: Trace — [Meas] > "S-Params" > "Y/Z/k/u-Parameters": "Imbalance/CMRR" >
"Imbalance Differential..."
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"2& Imbalance Differential

Logical Port
L1 (P1-P3)

Physical Port 2

P4-L3

(@) Imbalance 1 Imbalance Result
= |-1521-541) /(523 - 543)

) Imbalance 2 Imb23-1

This dialog can only be opened, if a balanced and two single-ended logical ports are
configured in the Balanced Ports dialog.

® The Logical Port on the left represents the balanced test port: any (active) bal-
anced logical port can be selected

® Physical Port 1 and Physical Port 2 represent the two single-ended test ports: any
two (active) single-ended logical ports can be selected

® The part below allows you to select the signal direction and hence the "Imbalance
Result" to be calculated.

Logical port i Logical ports j,k
(balanced) DUT (single-ended)
Physical port a Log. V ‘ ——0 Physical port ¢
NWQA Balanced Balanced
) port port port )
Physical port b D O Physical port d

Imbalance 1 / Imbalance 2
Imbalance 1 selects the balanced logical port i as the input, the single-ended logical
ports j and k as the output and calculates the following imbalance parameter:

IMbji = —(Sca— Sqa)/(Sco— Sap)

Imbalance 2 selects the balanced logical port i as the output, the single-ended logical
ports j and k as the input and calculates the following imbalance parameter:

Imbj = —(Sac— Saa)/(Spe— Spa)
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Remote command:

CALCulate<Ch>:PARameter:MEASure "<Trace Name>", "IMB<i>-<j><k>"
| "IMB<Jj><k>-<i>"

CALCulate<Ch>:PARameter:SDEFine "<Trace Name>", "IMB<i>-<j><k>"
| "IMB<j><k>-<i>"

5.2.2.5 Balanced Ports dialog
The "Balanced Ports" dialog allows you to enable/disable physical ports and to define
logical ports (balanced or unbalanced) in the active channel.

Access: Channel — [Channel Config] > "Port Config" > "Balanced Ports..."

O Background information
S Refer to the following sections:
® Chapter 4.3.6, "Unbalance-balance conversion", on page 161
® Chapter 4.3.6.1, "Balanced port configurations", on page 162
® Chapter 4.3.2, "Reference impedances", on page 152
® Chapter 4.7.5, "True differential mode", on page 280

Predefined Config tab

The "Predefined Config" tab of the "Balanced Ports" dialog provides the most com-
monly used logical port configurations of the analyzer.

@ This tab is hidden if a switch matrix is configured.

Predefined Config

Physical Ports Select Predefined Port

P3

(A) 4 x Single (B) 1 x Balanced, (C) 2 x Single,
2 x Single 1 x Balanced

P3 P4 Pt P3 P2 P4 Pt P3 P2 P4

O K X K| (@ X @ K
u u )

11 12
(D) 2 x Balanced (E) 1 x Single (F) 2 x Single

Iesr=iims Pi_P3 P2 P4 Pi_P3 P2 P4 Pi_P3 P2 Pa
@ e o X EBEe ® (X
KRR 1 7] 0 ]

(G) 3 x Single (H) 1 x Balanced, (1) 1 x Single,
1 x Single 1 x Balanced

- ,,_9 2

Pl R P
[0 ol IR
u

Source
Coherence... \ (1) 1 x Balanced
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The port configurations are arranged in the list to the right. The resulting port assign-
ment is shown on the left-hand side of the "Predefined Config" tab.

® For a single-ended port, the diagram shows a single line between the physical test
port and the logical port.

® For abalanced port, two physical ports are combined to form a single logical port.

® Forunused ports, the physical port is crossed out; no logical port number is
assigned.

Select Predefined Port
Allows you to select from a set of predefined logical port configurations.

The available configurations depend on the number of analyzer ports.

Remote command:
SOURce<Ch>:LPORt<LogPt>
SOURce<Ch>:LPORt<LogPt>:CLEar

True Differential Mode
Activates/deactivates True Differential Mode

This checkbox is only visible if True differential mode option R&S ZNA-K61 is available.

It is enabled, if at least one balanced port is configured, whose physical ports are fed
by independent sources (see Chapter 4.7.20, "Internal 3rd and 4th source for 4-port
R&S ZNA", on page 305). In case the balanced port is made up of frequency converter
ports, Power Control must be active for both of them.

Use the "Source Cohrence..." button to open the Source Coherence dialog dialog,
which allows you to configure the TruDi-specific sweep types.

Remote command:
SOURce<Ch>:TDIF[:STATe]

Source Coherence...

Opens the dialog of the same name, which allows you to configure and enable source
coherence and to configure the true differential mode sweep types "Phase Imbalance”
and "Amplitude Imbalance".

See Chapter 5.13.3.2, "Source Coherence dialog", on page 712.

Logical Port Config tab

The "Logical Port Config" tab of the "Balanced Ports" dialog allows you to configure
logical ports (balanced or unbalanced) and to disable unused physical ports in the
active channel.

@ This tab is only visible if a switch matrix is configured).
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Logical Port Config

Logical Ports - Define Physical to Logical Port relation

Renumber All

Aligned Identity
T Ehm 1-1

Select All
D True Differential Mode

< . Deselect All
Source
Coherence... \\

For True Differential Mode and Source Coherence... see their description in the "Pre-
defined Config" tab.

Define Physical to Logical Port Relation
Allows you to define balanced, single-ended, and unused ports and provides functions
for (re)numbering the resulting logical ports.

In principle, it is possible to combine any pair of two physical analyzer ports into a bal-
anced port. With n test ports a maximum of n/2 (n even) or (n — 1)/2 (n odd) logical
ports is supported.

® To define a balanced port, select two physical ports and tap "Balanced".

® To dissolve balanced ports, select them and tap "Single".

® To exclude logical ports from the measurement, select them and tap "Unused".

® To assign a number to a logical port, select it and enter a new "Logical Port" num-
ber in the corresponding field

® To number the logical ports in line with the physical ports, select "ldentity 1-1"
For balanced ports, the lower of the two physical port numbers is selected.

® To number the logical ports consecutively from top to bottom, select "Aligned
1,2,3.."

Remote command:
SOURce<Ch>:LPORt<LogPt>
SOURce<Ch>:LPORt<LogPt>:CLEar

User Config tab

The "User Config" tab of the "Balanced Ports" dialog defines a new balanced port con-
figuration.

@ If a switch matrix is configured, this tab is replaced by the Logical Port Config tab tab.
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User Config

Physical Ports Define Physical to Logical Port relation
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Legical Ports

D True Differential Mode

Source ;\
Coherence...

For True Differential Mode and Source Coherence... see their description in the "Pre-
defined Config" tab.

Physical Ports / Logical Ports
Allows you to renumber logical ports.

Remote command:
SOURce<Ch>:LPORt<LogPt>
SOURce<Ch>:LPORt<LogPt>:CLEar

Define Physical to Logical Port Relation
Allows you to define balanced, single-ended, and unused ports. In principle, it is possi-
ble to combine any pair of two physical ports into a balanced port.

® To define a balanced port, select two physical ports and tap "Balanced".

® To dissolve a balanced port, select it and tap "Single".

® To exclude a physical port from the measurement, select the port and tap
"Unused".

Furthermore, provides functions for renumbering the logical ports.

Remote command:
SOURce<Ch>:LPORt<LogPt>
SOURce<Ch>:LPORt<LogPt>:CLEar

Reference Impedance tab

The "Reference Impedance" tab of the "Balanced Ports" dialog allows you to define (or
redefine) the impedances of the logical ports.

O Background information
S Refer to Chapter 4.3.2, "Reference impedances", on page 152.
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Reference Impedance

Physical Ports Logical Port Property (L1)
Common Mode
Real(Z0} Imag(Z0) Connector 0 Use
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Differential Mode
Real(Z0} Imag(Z0}

Rencrmalization According to

:
i
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evant if Im(Z0) of
)

Logical Ports (@) Travelling Waves

() Power Waves

Figure 5-1: Reference Impedance Tab (4 physical ports)

By default, the reference impedance of a physical port is set to the reference impe-
dance of the connector type assigned to the port. However, it can be defined as an
arbitrary complex value (renormalization of port impedances). By changing the refer-
ence impedance, it is possible to convert the measured values at 50 Q (75 Q) into val-
ues at arbitrary port impedances.

For balanced ports, it is possible to define separate complex reference impedances for
differential and for common mode.

Single-ended

(unbalanced) port Physical Port | ogical Port

Singl Zref. default = Z no. no.
ingle- o
ended port ~ 1 1
Balanced port:
O O 2
Differential mode
Balanced Zret = Zod
port 2
b Common mode
Zret =r\20c 3
DUT Analyzer

Single Ended Mode / Common Mode / Differential Mode
Defines arbitrary reference impedances.

"Single Ended Mode" is available for single-ended logical ports only, "Common Mode"
and "Differential Mode" impedances for balanced ports only.

The default values for the balanced port reference impedances are derived from the
(real) default reference impedance Z, = 50 Q of the (single-ended) physical analyzer
ports:

® The default value for the differential mode is Zyy = 100 Q = 2-Z,.

® The default value for the common mode is Zy, = 25 Q = Z,/2.
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Remote command:

[SENSe<Ch>: ] PORT<PhyPt>:ZREFerence
[SENSe<Ch>: ] LPORt<LogPt>:ZCOMmon
[SENSe<Ch>:]LPORt<LogPt>:ZDIFferent

Connector
Allows you to specify the connector type of the related physical port.

Remote command:
[SENSe<Ch>:]CORRection:COLLect:CONNection<PhyPt>

Use Default
Allows you to toggle between default and renormalized port impedance (or impedan-
ces) for the selected logical port and connector type.

Remote command:
[SENSe<Ch>:]LPORt<LogPt>:ZDEFault[:STATe]

Renormalization According to Theory of

Selects the waveguide circuit theory for renormalization. The conversion formulas of
these theories only differ if the reference impedance of at least one test port has a non-
zero imaginary part.

Refer to Chapter 4.3.2, "Reference impedances", on page 152.

Remote command:
CALCulate<Chn>:TRANsform: IMPedance:RNORmal

5.2.3 Wave tab

Selects wave quantities as measured quantities.

O Background information
S Refer to Chapter 4.3.5, "Wave quantities and ratios", on page 158.
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5.2.3.1 Controls on the Wave tab

) Mixer Trace

~ Params

Setup ‘\

Measurement

(@) S-Params

Format Scale

Line Marker

al
Src Port 1

b1
Src Port 1

b2
Src Port 1

al
Src Port 2

b2
Src Port 2

b1
Src Port 2

More Wave
Quantities... n\

Wave Correction

The "Setup" button opens the S-Params setup dialog.

The "More Wave Quantities..." button opens the More Wave Quantities dialog which
allows to select an arbitrary wave quantity, e.g. for different source ports or higher port
numbers.

a<i> Source Port <i>, b<j> Source Port <i>
Selects one of the standard 2-port wave quantities a;, b; for different source ports.

The predefined wave quantities are obtained with different source ports. "a1 Source
Port 1", "b1 Source Port 1" and "b1 Source Port 2" are measured at Port 1 of the ana-
lyzer. "a2 Source Port 2, b2 Source Port 1" and "b2 Source Port 2" are measured at
Port 2 of the analyzer.

® "a1 Source Port 1" is the wave transmitted at physical port 1. In a standard S-
parameter measurement, this wave is fed to the input port (port 1) of the DUT (for-
ward measurement).

® "b1 Source Port 1" is the wave received at physical port 1. In a standard S-parame-
ter measurement, this wave is reflected at port 1 of the DUT (forward measure-
ment).

® "b2 Source Port 1" is the wave received at physical port 2. In a standard S-parame-
ter measurement, this wave is transmitted at port 2 of the DUT (forward measure-
ment).

® "a2 Source Port 2" is the wave transmitted at physical port 2. In a standard S-
parameter measurement, this wave is fed to the output port (port 2) of the DUT
(reverse measurement).
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® "b1 Source Port 2" is the wave received at physical port 1. In a standard S-parame-
ter measurement, this wave is transmitted at port 2 of the DUT (reverse measure-
ment).

® "b2 Source Port 2" is the wave received at physical port 2. In a standard S-parame-
ter measurement, this wave is fed to the output port (port 2) of the DUT (reverse
measurement).

Tip: In the trace list, the source port is indicated in brackets. For example, "a1(P1)"
denotes the wave a; with source port 1.

The analyzer can also measure arbitrary wave quantities for other source ports; see
Chapter 5.2.3.2, "More Wave Quantities dialog", on page 362.

Remote command:
CALCulate<Ch>:PARameter:MEASure "<Trace Name>", "AIl" |
CALCulate<Ch>:PARameter:SDEFine "<Trace Name>", "AI" |

Wave Correction
Determines whether measured quantities that are calculated based on wave quantities
are system error corrected in the active channel.

This applies to wave quantities themselves, but also to ratios, harmonics, and intermo-
dulation products.

If checked (default), the "best available" calibration is applied, with the following prece-
dence:

® Scalar power calibration

® User system error correction

® Factory system error correction

Note:

® Only a single calibration is applied.

® |f "Wave Correction" is turned off, no calibration is applied for these measured
quantities at all.

Remote command:
[SENSe<Ch>:]CORRection:EWAVe [ :STATe]

5.2.3.2 More Wave Quantities dialog

The "More Wave Quantities" dialog provides arbitrary wave quantities with arbitrary
source ports as measured quantities. All wave quantities can be calculated with differ-
ent detector settings.

Access: Trace — [Meas] > "Wave" > "More Wave Quantities..."

O Background information
S Refer to the following sections:
® Chapter 4.3.5.1, "Wave quantities", on page 158
® (Chapter 4.3.5.2, "Ratios", on page 159
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"2& More Wave Quantities
Define

Wave Receiving Port Source Port

b1(P1)

External Source

|:| Use Generator
as Source

Properties

Power [dBm]

: Voltage [V]

Detector Meas Time

The notation for wave quantities follows the usual scheme of the vector network ana-
lyzer:

® The a-waves are the outgoing/transmitted waves at the analyzer's test ports.
® The b-waves are the incoming/measured waves.

® The source port for the stimulus signal must be specified in addition.

® The port number range covers all test ports of the analyzer.

Define
The controls in this section of the dialog allow you to set the "Wave" type, the "Receiv-
ing Port" and the "Source Port".

The latter is only available, if no external source is used (see "Use Generator as
Source" on page 363).

Remote command:
CALCulate<Ch>:PARameter:MEASure "<Trace Name>", "Al"
CALCulate<Ch>:PARameter:SDEFine "<Trace Name>", "Al"

Use Generator as Source

If checked, the "Generator" combo lists the configured external generators and the
"Source Port" group of the Define section is disabled

User Manual 1178.6462.02 — 30 363



R&S®ZNA GUI reference

Meas softtool

To configure external generators, use the "External Generators" dialog. See Chap-
ter 4.7.40, "External generators", on page 324.

Properties
Allows you to select the measurement detector and the display unit for the selected
wave quantity.

Detector < Properties
Selects the algorithm that is used to calculate the results points from the raw measure-
ment data.

For details refer to Chapter 4.3.5.3, "Detector settings”, on page 160.

Remote command:

CALCulate<Ch>:PARameter:MEASure
CALCulate<Ch>:PARameter:SDEFine
[SENSe<Ch>:]SWEep:DETector:TIME

Display unit — Properties
Selects the physical unit of the displayed trace. It is possible to display the measured
"Voltage" V or to convert it into a power value P according to the formula

P =V?2/Re(Z,).
Z, denotes the reference impedance of the source port (for wave quantities a,,) or of

the receive port (for wave quantities b,). The reference impedances are defined in the
"Balanced Ports" dialog; see Chapter 5.2.2.5, "Balanced Ports dialog", on page 355.

Remote command:
CALCulate<Chn>:FORMat :WQUType

5.2.4 Ratio | Harmonics tab

The "Ratio | Harmonics" tab gives access to two types of measured quantities:
® Ratios of wave quantities

® Harmonics, i.e. arbitrary harmonics, ratios between harmonics and the fundamental
wave, and total harmonic distortion (THD)
To this end, the source remains at the fundamental frequency whereas the receiver
is set to n times the fundamental frequency.

Access: Trace — [Meas] > "S-Params" > "Harmoniocs"
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Src Port 1
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Wave Correction

The "Setup" button opens the S-Params setup dialog.

@ Background information
Refer to

® Chapter 4.3.5, "Wave quantities and ratios", on page 158
® Chapter 4.7.3.3, "Harmonics measurements", on page 273

5.2.4.1 Ratio measurements

blfal
Src Port 1

b2fal
Src Port 1

b2/a2
Src Port 2

bl1/a2
Src Port 2
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The "More Ratios..." button opens the More Ratios dialog which allows to select an
arbitrary ratio of wave quantities.

"Wave Correction" applies to wave quantitiy, ratio and harmonics measurements. The
corresponding checkbox is also shown on the "Wave" tab (see "Wave Correction”
on page 362).

b<i>/ a<j> Source Port <j>
Selects predefined complex ratios of the standard 2-port wave quantities a4, a,, by, and
b,.

-81.— S?[ —0 t)z

Forward D - @ c,‘b2,re\f Reverse
77

measurement b1 11

{,: | o measurement
© d, < —
<— S,, 2

I3’1,rew
Port 1 DUT Port 2

The predefined wave quantities can all be obtained with the same test setup, where a
2-port DUT is connected between the analyzer ports 1 and 2. The stimulus signal is
provided by the analyzer port 1 or 2 ("Source Port").

The predefined wave quantities correspond to the 2-port S-parameters:

® "b1/a1 Source Port 1" is the ratio of the wave quantities b, and a;, measured at
port 1. This ratio corresponds to the S-parameter S;; (input reflection coefficient).

® "b2/a1 Source Port 1" is the ratio of the wave quantities b, and a, and corresponds
to the S-parameter S, (forward transmission coefficient).

® "b2/a2 Source Port 2" is the ratio of the wave quantities b, and a,, measured at
port 2. This ratio corresponds to the S-parameter S,, (output reflection coefficient).

® "b1/a2 Source Port 2" is the ratio of the wave quantities b, and a, and corresponds
to the S-parameter S;, (reverse transmission coefficient).

The analyzer can also measure arbitrary ratios for other source ports; see Chap-

ter 5.2.4.2, "More Ratios dialog", on page 366.

Tip: In the trace list, the source port is indicated in brackets. "b2/a1(P1)" denotes the
ratio b,/a; with source port 1.

Remote command:
CALCulate<Ch>:PARameter:MEASure "<Trace Name>", "B2/A1" |
CALCulate<Ch>:PARameter:SDEFine "<Trace Name>", "B2/A1" |

More Ratios dialog

The More Ratios dialog allows you to select arbitrary ratios between wave quantities b;,
a; as measured quantity. The ratios can be calculated with arbitrary source port and dif-
ferent detector settings.

Access: Trace — [Meas] > "Ratio" > "More Ratios..."
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O Background information
S Refer to the following sections:
® (Chapter 4.3.5.1, "Wave quantities", on page 158
® (Chapter 4.3.5.2, "Ratios", on page 159

4'2# More Ratios

Define
Numerator Denominator

- b1 - al
Source

|:| Use Generator
as Source
Properties

Ratio
=blfal
Detector

MNormal

Cancel 0 Help

The notation for ratios follows the usual scheme of the vector network analyzer:
® The a-waves are the outgoing/transmitted waves at the analyzer's test ports.
® The b-waves are the incoming/measured waves.

® The source port for the stimulus signal must be specified in addition.

® The port number range covers all test ports of the analyzer.

Numerator
Selects the type (left pull-down list) and the port number assignment (right pull-down
list) of the wave that forms the numerator of the ratio.

Remote command:
CALCulate<Ch>:PARameter:MEASure "<Trace Name>", "B2/Al" |
CALCulate<Ch>:PARameter:SDEFine "<Trace Name>", "B2/A1" |

Denominator
Selects the type (left pull-down list) and the port number assignment (right pull-down
list) of the wave that forms the denominator of the ratio.

Remote command:
CALCulate<Ch>:PARameter:MEASure "<Trace Name>", "B2/A1" |
CALCulate<Ch>:PARameter:SDEFine "<Trace Name>", "B2/A1" |
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Use Generator as Source
If selected, the "Port" control lists the external generators. Otherwise it lists the ana-
lyzer ports.

External generators must be configured explicitly in the "External Generators" dialog
before they appear in the list. See also Chapter 4.7.40, "External generators",
on page 324.

Port

Allows you to select the source for the stimulus signal.

® "None", "Port <Pt>", or "Conv <Pt>", if Use Generator as Source is not checked
® "Gen <i>"if "Use Generator as Source" is checked

Remote command:
CALCulate<Ch>:PARameter:MEASure "<Trace Name>", "<Ratio>"
CALCulate<Ch>:PARameter:SDEFine "<Trace Name>", "<Ratio>"

Detector
Selects the algorithm that is used to calculate the results points from the raw measure-
ment data.

For details refer to Chapter 4.3.5.3, "Detector settings", on page 160.

Remote command:

CALCulate<Ch>:PARameter:MEASure
CALCulate<Ch>:PARameter:SDEFine
[SENSe<Ch>:]SWEep:DETector:TIME

5.2.4.3 Harmonics measurements

Harmonics measurements require option R&S ZNA-K4, see (Chapter 4.7.3.4, "Scalar
mixer measurements", on page 274).

b2 2nd Harmenic
Src Port 1

b2 3rd Harmenic
Src Port 1

More .\
Harmonics...

+

Wave Correction

"More Harmonics..." opens the More Harmonics dialog that allows you to select from
the full range of direct and relative harmonics measurements.

"Wave Correction" applies to wave quantitiy, ratio and harmonics measurements. The
corresponding checkbox is also shown on the "Wave" tab (see "Wave Correction”
on page 362).

b2 2nd Harmonic Src Port 1

Power of the outgoing wave at port 2, measured at 2 times the frequency of the wave
generated at port 1.
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Remote command:
CALCulate<Ch>:PARameter:MEASure '<TraceName>', 'h2b2(dl)'
CALCulate<Ch>:PARameter:SDEFine '<TraceName>', 'h2b2(dl)'

b2 3rd Harmonic Src Port 1
Power of the outgoing wave at port 2, measured at 2 times the frequency of the wave
generated at port 1

Remote command:
CALCulate<Ch>:PARameter:MEASure '<TraceName>', 'h3b2(dl)'
CALCulate<Ch>:PARameter:SDEFine '<TraceName>', 'h3b2(dl)'

5.2.4.4 More Harmonics dialog

The controls in the "More Harmonics" dialog allow you to select and configure arbitrary
harmonics measurements in the current channel.

Access: Trace — [Meas] > "S-Params" > "Harmonics" > "More Harmonics..."

4'2# More Harmonics
Define

Harmonic

Parameter

Harmenic

External 5oL

|:| Use Generator
as Source

Properties

Power [dBm)]

Voltage [V]
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Define
Selects the harmonic to be measured.

A "Frequency out of range" warning is displayed the harmonic frequency to be mea-
sured exceeds the frequency range of the analyzer. The harmonic traces are truncated
at the maximum receiver frequency.

"Parameter" The following types of results are provided.

® "Harmonic": The signal received at the Nth harmonic of the stimu-
lus signal is measured. The result is displayed as a wave quantity
but can be modified and converted using the functions in the
"Trace" softtool.

® "Relative": The Nth harmonic is divided by the 1st harmonic (fun-
damental). This result is also called the Nth harmonic distortion
factor.

e "THD_F" and "THD_R": The fundamental and root mean square
total harmonic distortion

See Chapter 4.7.3.3, "Harmonics measurements”, on page 273

"Harmonic" The Harmonic order can be set in the range between 2 (2nd har-
monic) and 100.

"Receiving The receive port measures the signal at n times the fundamental fre-

Port" quency where n is the harmonic order.

"Source Port"  The source port provides the stimulus signal at the fundamental fre-
quency.

Remote command:

CALCulate<Ch>:PARameter:MEASure '<TraceName>',
'h<Harmonic>b<Receiving Port> (p<Source Port>) [R|THDF|THDR]"'
CALCulate<Ch>:PARameter:SDEFine '<TraceName>',
'h<Harmonic>b<Receiving Port>(p<Source Port>) [R|THDF|THDR]"

Properties
See "Properties" on page 364.

5.2.5 Noise Figure tab

Noise figure measurements are available for both non-frequency converting and fre-
quency converting DUTs.

The noise figure measurement is provided with software option R&S ZNA-K30. If this
option is not installed, the "Noise Figure" tab is not available.
For background information, see Chapter 4.7.11, "Noise figure measurement",

on page 292.

Access: Trace — [Meas] > "Noise Figure"
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5.2.5.1 Controls on the Noise Figure tab

The controls on the "Noise Figure" tab allow you to set up a noise figure (NF) measure-

ment and give access to the related measured quantities.
) Mixer Trace

®) Mixer
~ Params

=~ Params

(@) S-Params () S-Params

Format  Scale

Noise Figure... ‘\
Quick Setup
Noise Figure... .\

Measurement

MNoise Figure... ‘\

Measurement

Line Marker

Noise Figure

Moise Figure Gain
Noise

Figure

Noise
Figure :
_ Receiver
Gain - -
Noise Figure
Receiver

Moise Figure Noise Density

Moise Density

Noise Figure (tool button)
Opens the Noise figure setup dialog, which allows you to set up the NF measurement.

Quick Setup Noise Figure (tool button)

Opens the NF quickset dialog, which allows you to swiftly set up a NF measurement.
The dialog provides guidance in terms of optimized measurement configuration and
calculates the required measurement and calibration settings, such as source power
and detector times.

If external switch matrices are used, the NF quickset functionality is not available and
hence this button is disabled.

Noise Figure/Gain/Receiver Noise Figure/Noise Density
These draggable buttons select the noise figure parameters to be measured in the
active channel.

"Noise Figure" Selects the calculated noise figure of the DUT

"Gain" This button selects the measured gain of the DUT, as used for the
noise figure calculation.
Note that in NF channels, the gain is calculated as the ratio between
b-wave and a-wave, without mismatch correction. Therefore it is not
identical to a vector corrected S-parameter measurement (e.g. S21).

"Receiver Selects the receiver noise figure determined during NF calibration.
Noise Figure"

"Noise Den- Selects the receiver noise density as measured quantity.

sity"
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Remote command:

"Noise Figure":

CALCulate<Ch>:PARameter:MEASure <TraceName>, 'NF12' | 'NF13'
| ... | '"NF21' | 'NF23' |

CALCulate<Ch>:PARameter:SDEFine <TraceName>, 'NF12' | 'NF13'
| ... | '"NF21' | 'NF23' |

"Gain":

CALCulate<Ch>:PARameter:MEASure <TraceName>, 'bl/a2(P2)"' |
'b1/a3(P3)"' | ... | '"b2/al(P1l)' | 'b2/a3(P3)"' |
CALCulate<Ch>:PARameter:SDEFine <TraceName>, 'bl/a2(P2)"' |
'b1/a3(P3)" | ... | 'b2/al(P1l)' | 'b2/a3(P3)"' |

"Receiver Noise Figure":

CALCulate<Ch>:PARameter:MEASure <TraceName>, 'NF1IR' | 'NF2R'
|

CALCulate<Ch>:PARameter:SDEFine <TraceName>, 'NF1R' | 'NF2R'
|

CALCulate<Ch>:PARameter:MEASure <TraceName>, 'ND1' 'ND2'
CALCulate<Ch>:PARameter:SDEFine <TraceName>, 'ND1' | 'ND2' |

5.2.5.2 Noise figure setup dialog
The NF "Setup" dialog is an instance of the Multi-channel setup dialog. It allows you to
set up a noise figure (NF) measurement.
Access: Noise Figure tab ("S-Params") > "Noise Figure" tool button

The noise figure specific parameters in the lower part of the dialog are identical for
non-frequency-converting and frequency-converting measurements.

Cal Plane CalPlane

Driving Port f 1 S .
ﬁi 1 I Receiving Port

Sweep Type Start Frequency Stop Frequency MNumber of Points Freq Step Size Base Power [ \\
1= e

Noise Bandwidth Noise Det Meas Time Gain Det Meas Time Meas and Cal Settings

m m Quickset... Advanced Settings... Calibration Settings...

Cal & Meas Port Copy To New Copy To New _ _
Overview Settings... v CH + Diagram v Channel v’ Apply v oK &n= 0 iy

Figure 5-2: NF Setup dialog: non-frequency-converting

The frequency conversion settings in the frequency-converting variant of the dialog are
identical to the settings in the Scalar Mixer Meas setup dialog.
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Combiner Port
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10 MHz
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Sw ype Start Frequency Stop Frequency Number of Points Freq Step Size Base Power
Input Port (RF) Mixer 1 Mixer 2 Output Port (IF) Noise Figure "\
IF = RF - LO {Down, USB) - Nene

RF Frequency LO1 Frequency IF Frequency

BaseFreq> 10G 13.5 GHz Fixed hd m hd
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Noise Bandwidth Noise Det Meas Time Gain Det Meas Time Meas and Cal Settings

m Quickset... Advanced Settings... Calibration Settings...

Cal & Meas Port

Copy To New Copy To New
Overview Settings... v CH + Diagram v Channel v/ Apply v oK

GEEN AR Y - 10 dBm Fixed

Figure 5-3: NF Setup dialog: frequency-converting

Driving Port (RF) / Receiving Port (IF)

Allows you to select the driving port (the RF port for frequency-converting DUTs) and
the receiving port (the IF port) for the noise figure measurement. It is recommended to
us a driving port which is equipped with a source step attenuator to suppress to inter-
nal noise of the VNA.

Remote command:
[SENSe<Ch>: ] NFIGure:DEFine

Source Attenuator
For a precise noise figure measurement, it is necessary to suppress to internal noise of
the VNA. To this end, set the source step attenuator to a value of at least 40 dB.

Remote command:
See Source Step Att..

Combiner Port

If an internal or external combiner is used to create a two-tone signal, not only the driv-
ing port, but also the port generating the second tone must use a source step attenua-
tior of at least 40 dB.

Remote command:
See Source Step Att..
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Cal Plane
The power levels shown at the calibration plane are only valid after a source flatness
calibration was performed.

Ext Preamp Config
In this dialog, different configurations using an external preamplifier can be set.

0:# Advanced NF Settings

Configuration
Gain
D Use External Preamplifier 20dB

Input 0.1 dB Compr Point

-20 dBm

Cal F:Iana
1

B E————

Depending on the chosen configuration, only applicable calibration types are recom-
mended.

Int Preamp / Rec Att

Allows you to choose whether the internal receiver step attenuator or preamplifier is
used. For typical DUTs, it is recommended to use either the internal preamplifier or a
receiver step attenuator setting of 0 dB.

Remote command:
Receiver step attenuator: see Receiver Step Att.
Internal preamplifier: see Receiver Step Att.

Noise Bandwidth

Sets the bandwidth used for the NF measurement and calibration. Since the receiver
has no image band suppression, the noise bandwidth roughly equals two times the fil-
ter bandwidth (due to reception on both sidebands).

Important for the resulting trace noise is the product of the noise bandwidth and the
chosen noise detector measurement time. Therefore, a larger noise bandwidth allows
you to use a shorter measurement time or vice versa. However, due to the receiver
architecture, a larger noise bandwidth also requires a higher intermediate frequency,
which can influence the accuracy of measurements of narrowband DUTs.
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Remote command:
See Bandwidth

Noise Det Meas Time

For measuring the noise power, the root-mean-square (RMS) of each measurement
sample is calculated. The noise detector measurement time sets the detector time at
each measurement point for the RMS detector, allowing to choose how many RMS val-
ues are used at each frequency. A longer detector time and therefore a higher number
of RMS values results in a closer estimation of the real noise power.

"Auto" means that the value is set from the NF quickset dialog. Use the checkbox to
the right to enable the input field and set its value manually.

Remote command:
[SENSe<Ch>:|NFIGure:NTIMe

Gain Det Meas Time

Sets the detector time at each measurement point for the AVG detector, which is used
for the measurement of the DUT gain. Using the AVG detector allows you to remove
statistical fluctuations from the measurement and therefore achieves a more accurate
result.

"Auto" means that the value is set from the NF quickset dialog. Use the checkbox to
the right to enable the input field and set its value manually.

Remote command:
[SENSe<Ch>: ]NFIGure:GTIMe

Cal & Meas Overview

Opens the "Cal & Meas Overview" dialog, which displays all settings related to NF cali-
bration and measurement.
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":Q Cal & Meas Overview

Measurement Settings Calibration Settings

Driving Port P O
Drive Port P1 O Powermeter

(Forward Meas) connected to

None

Receiving Port P2 o

x Close 0 Help

Figure 5-4: NF setup: Cal & Meas Overview dialog

With all relevant settings displayed on one page, you can check if NF calibration and
measurement are set up properly without browsing through various dialogs.

Quickset
Opens the NF quickset dialog that guides you through to setup of a noise figure (NF)
measurement.

If external switch matrices are used, the NF quickset functionality is not available and
hence this button is disabled.

Advanced Settings

Opens the "Advanced NF Settings" dialog, which allows to perform expert settings for
NF calibration and measurement.
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"2& Advanced NF Settings L = = x

General Sideband Correction
Sideband Correction

Ambient Temperature Lower Frequency (IF)
2965 K

Upper Frequency (IF)
[] virtual Image Rejection

Sideband Order
Sth

DUT Cerrection

D Imageband Correction

General > IF Frequency < Advanced Settings

For typical applications, the IF frequency is chosen automatically and depends on the
chosen Noise Bandwidth and the measurement frequency. However, for certain mea-
surements it can be preferable to choose a different IF frequency. The manually
chosen IF frequency is applied over the full measurement frequency range.

Remote command:
[SENSe<Ch>: ]NFIGure:IFConst
[SENSe<Ch>: ]NFIGure:IFConst:STATe

General > Ambient Temperature — Advanced Settings

The ambient temperature is used for precise calculation of the source noise tempera-
ture at the input of the DUT. The external attenuation (cables, adapters, attenuators,
etc.) is assumed to have a physical temperature equal to the ambient temperature.
See "Source noise temperature" on page 294 for a detailed description.

Remote command:
[SENSe<Ch>: ]NFIGure:TEATtenuator

General > Virtual Image Rejection «— Advanced Settings

If "Virtual Image Rejection" is active, the firmware combines different measurements to
remove the image band influence, which allows precise measurements of narrow
spikes on "Noise Figure", "Gain" or "Noise Density" traces. By default it is disabled.

For segmented sweeps, virtual image rejection can be activated or deactivated per
segment (see "Optional Columns" on page 563).

Remote command:
[SENSe<Ch>:]NFIGure:VIRejection[:STATe]
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Sideband Correction — Advanced Settings

In this section of the "Advanced NF Settings" dialog, you can compensate for the
imperfect response of the VNA receivers. See "Sideband correction" on page 296 for a
detailed description. However, the overall influence on the calculated NF does not only
depend on the receivers but also on the DUT. Therefore, depending on the DUT, it can
be advantageous to choose a higher sideband order and a higher upper frequency limit
as chosen by default.

A general recommendation is to choose a 5th order sideband correction for frequen-
cies starting below 1 GHz. For higher frequencies, the sideband order can be reduced.
For frequencies starting above 20 GHz, the effect of parasitic sidebands is typically
negligible.

Example 1: A broadband amplifier with a positive gain ranging from 500 MHz to 6 GHz
typically requires sideband correction during a precise NF measurement. For such an
amplifier, several higher-order sidebands of the VNA receiver are within its gain band-
width. At a measurement frequency of 500 MHz, for example, the sidebands of the
VNA receiver are at 1 GHz, 1.5 GHz, 2 GHz. These bands are within the gain band-
width of the amplifier and therefore require sideband correction. Since the DUT does
not have any gain above 6 GHz, the upper frequency of the sideband correction can be
set close to this value (e.g. 7 GHz).

Example 2: A narrowband amplifier with a positive gain ranging from 2.3 GHz to

2.6 GHz typically requires no sideband correction for a precise NF measurement. For
such an amplifier, the sidebands of the VNA receiver (4.6 GHz to 5.2 GHz for the 2nd
sideband, 6.9 GHz to 7.8 GHz for the 3rd sideband) are not within its gain bandwidth.

Note: The sideband order can be decreased after calibration. This allows you to inves-
tigate the effect of the parasitic sidebands, and to increase the measurement speed,
since less additional measurements are required.

Remote command:
[SENSe<Ch>:]NFIGure:HARMonic|:
[SENSe<Ch>: ]NFIGure:HARMonic [ :MINFrequency]
[SENSe<Ch>:]NFIGure:HARMonic [ :MAXFrequency]
[SENSe<Ch>: ] NFIGure:HARMonic|:

STATe]

MAXimumorder]

DUT Correction — Advanced Settings

Image band correction is only available for frequency converting DUTs. Using this func-
tion requires additional measurement to determine the gain and source noise tempera-
ture at the image band. The additional measurements are automatically carried out
during calibration and measurement. See "Frequency-converting DUTs" on page 296
for details.

Remote command:
[SENSe<Ch>: ]NFIGure:RFICorr

Calibration Settings

Opens the calibration setup dialog and activates its "Noise Figure tab" on page 600,
where you can adjust calibration settings such as power levels and detector times.
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5.2.5.3 NF quickset dialog

The "Quickset" dialog guides you through to setup of a noise figure (NF) measurement.

Access:
® Noise Figure tab ("S-Params") > "Quick Setup Noise Figure" tool button
® Noise figure setup dialog (non-frequency-converting) > "Quickset" tool button

If external switch matrices are used, the quickset functionality is not available and
hence this dialog cannot be accessed.

4'2# Quickset Power Levels for NF Calibration and Measurement

DUT Settings Result 5

Gain Trace Moise

Measurement speed can be
20dB Medium (0.08 dB) improved by:
NE - Activate internal Isclation
Amplifier
- Activate internal LNA to 30 dB
Input Power ; - Activate source monitor

-20 dBm CalTi 4 More Information ...

b
Isolation Amplifier Int LNA/Rec Step Att
Off o Att 0 dB o
Ext Attenuation Ext Attenuation

Recommended Measurement and Calibration Settings

Calibration ing 3 Calibration Settings

3[0] ﬁ;’: ; ’ (0]

Det Time
Overview Cancel 0 Help

Figure 5-5: NF Quickset dialog

The dialog provides guidance in terms of optimized measurement configuration and
calculates the required measurement and calibration settings, such as source power
and detector times.

Meas Settings

The controls in the "Meas Settings" section allow you to enter the start and stop fre-
quency of the NF measurement, and the number of frequency sweep points.
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Note: By default a linear frequency sweep is used for calculating the measurement fre-
quencies. If a logarithmic frequency sweep is desired, select this sweep type in the
Noise figure setup dialog before using "Quickset".

DUT Settings
The controls in the "DUT Settings" section allow you to enter approximate information
on the DUT.

The specified "Gain" is used to calculate suitable power levels for measurement and
calibration. To ensure linearity of the complete measurement chain (including the VNA
receivers), set it to the maximum gain of the DUT.

The specified "NF" is used to calculate the intended trace noise in the Result Settings.

Set the "Input Power" to a value in the linear region of the DUT. A good starting point is
approximately 10 dB below the 0.1 dB input compression point of the DUT.

Remote command:

[SENSe<Ch>: INFIGure:QSET:DUT:GAIN
[SENSe<Ch>:]NFIGure:QSET:DUT:ENFigure
[SENSe<Ch>: ]NFIGure:QSET:DUT:POWer

Result Settings

In the "Result Settings" section, you can specify the trace noise of the NF measure-
ment trace. Select a predefined value or enter a custom trace noise. The proposed
value is based on the previously specified DUT Settings.

Furthermore, the "Result Settings" section displays the required measurement time to
achieve the user selected (or entered) trace noise for the NF measurement trace. This
information is calculated based on the selected Meas Settings and the VNA character-
istics. If the current configuration of the VNA can be optimized to achieve faster mea-
surement times, the required steps for optimization are shown in the info box.

Consider changing the current
setup by:

- Activate internal LNA to 30 dB

- Activate source monitor

- Use reversed coupler at receiving
port

More Information ...

The recommended setup considers the achievable measurement time and the effort to
reconfigure the R&S ZNA. The intention of the algorithm is to recommend a reasonably
fast measurement, with minimum effort in terms of changing the Direct generator/
receiver access and/or Direct source monitor access jumpering. Changing the jumper
configuration can be advantageous for low source power levels (direct source monitor
access at driving port), or to improve the receiver noise figure (Reverse Coupler Con-
figuration at receiving port).

More Information opens an overview of the measurement times for all possible VNA
configurations.

Remote command:
[SENSe<Ch>: INFIGure:QSET:TNOise
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More Information <— Result Settings

Opens a dialog that displays the calculated measurement time for the setup variants
that are possible with the relevant VNA hardware (Direct source monitor access,
Reverse Coupler Configuration, Internal low noise preamplifier), if equipped. The
resulting measurement times are based on the VNA characteristics, and the Meas Set-
tings and DUT Settings configured in the "Quickset" dialog. Modify these settings to
achieve a reasonable measurement time.

4'2# Measurement time depending on HW setup

Source Monitor | Reverse Coupler | Internal LNA | Measurement
(P1) Time

active active

active active

inactive active

active active

inactive active

inactive active

active active

inactive active

active inactive

inactive inactive

active inactive

inactive inactive

active inactive

inactive inactive

active inactive

inactive inactive

Driving Port
Allows you to evaluate the influence of the different front side receiver inputs and the
"Preamp. Gain" on page 532 "b1" ("Isolation Amplifier") on the measurement time.

Setting the "Receiver Input” and "Isolation Amplifier" here is equal to activating it in the
"Input/Output tab" on page 685 of the "Port Configuration" dialog or the Power tab of
the "Pwr Bw Avg" softtool, respectively.

In addition, it is possible to specify an external attenuation at the driving port to let the
"Quickset" logic choose the suitable source powers for calibration and measurement.

Remote command:
[SENSe<Ch>: ]NFIGure:QSET:ATTSource
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Receiving Port

For the receiving port, you can activate or deactivate the Reverse Coupler Configura-
tion and the Internal low noise preamplifier. The R&S ZNA immediately calculates the
resulting measurement time and displays it in the Result Settings section.

In addition, it is possible to specify an external attenuation at the receiving port to let
the "Quickset" logic choose the suitable source powers for calibration and measure-
ment.

Remote command:

[SENSe<Ch>: INFIGure:QSET:ATTReceiver

Det Time Overview
Opens the "Detector Time Overview" dialog, which shows an overview of the resulting
detector times for each step of the calibration and measurement.

4'2& Detector Time Overview
CalForward | Measurement | Cal & Measurement
Gain Det Time | Gain Det Time Noise Det Time

200 MHz dsg

400 MHz 959 ms

600 MHz ... 800 MHz | 241 ms

1GHz 76 ms

219 GHz ..876 GHz |76 ms

10.15 GHz ... 28.06 GHz | 191 ms

30.05 GHz ... 34.03 GHz | 762 ms

36.02 GHz ... 40 GHz  |762 ms

¥ Close 6 Help

The detector times are calculated based on the VNA characteristics. They ensure that
the selected trace noise is achieved over the intended frequency range, with minimum
overall measurement time.

Recommended Measurement and Calibration Settings

This section gives an overview of the power settings that the Quickset function recom-
mends for an ideal calibration and measurement, without compression of the DUT or
the VNA receivers. Using "Apply" or "OK" these values are directly transferred into the
corresponding measurement and calibration settings.

Apply/OK
Applies the settings of the quick NF setup. OK also closes the dialog.

Remote command:
[SENSe<Ch>: INFIGure:QSET[ :EXEC]
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5.2.6 Intermodulation tab
Allows you to set up the channel for an intermodulation measurement, and to select
intermodulation products and other results as measured quantities.

Intermodulation measurements require software option R&S ZNA-K4. They are availa-
ble for both non-frequency converting and frequency converting DUTs.

O Background information
S Refer to the following sections:
® Chapter 4.7.3.2, "Intermodulation measurements", on page 264
® ‘"Intermodulation quantities" on page 271

The labels for the intermodulation quantities in the trace list are identical to the param-
eters used for remote control; see CAL.Culate<Ch>:PARameter:SDEFine.

5.2.6.1 Controls on the Intermodulation tab

After a [Preset], most of the controls on the "Intermodulation” tab are disabled. They
are enabled after the current channel has been set up for an intermodulation measure-
ment (see "Intermod..." on page 384).

If external switch matrices are used, intermodulation measurements are not supported
and hence the controls on this tab are disabled.

Trace

Intermed... ‘\

Measurement

Meas Format Scale

Trace
Config

Line Marker

Intermod Product...

Intercept Point...

Main Tone...
Inter-
modulation

Noise...

CW Mode Spectrum

CW Mode

Spectrum = Marker

Max IM Order
9
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Intermod...

The "Intermod" button opens the intermodulation setup dialog that allows you to set
up the intermodulation measurement:

® Non-frequency converting

® Frequency converting

Intermod Product...

After the intermodulation measurement has been set up (see "Intermod..."

on page 384) this button opens the intermodulation measurements dialog and acti-
vates the Intermod Product tab.

Intercept Point...

After the intermodulation measurement has been set up (see "Intermod..."

on page 384) this button opens the intermodulation measurements dialog and acti-
vates the Intercept Point tab.

Main Tone...

After the intermodulation measurement has been set up (see "Intermod..."

on page 384) this button opens the intermodulation measurements dialog and acti-
vates the Main Tone tab.

Noise

"Noise" (at DUT output) is a measure for the noise level and therefore the dynamic
range of the intermodulation measurement. The noise level is measured at the fre-
quency of the lower tone, minus half the tone distance.

Remote command:
CALCulate<Ch>:PARameter:MEASure
CALCulate<Ch>:PARameter:SDEFine

CW Mode Spectrum

In CW spectrum mode, the intermodulation measurement is performed at fixed fre-
quency of the lower tone ("CW Frequency") and the upper tone ("CW Frequency" +
"Tone Distance"). The analyzer displays intermodulation products up to a selectable
order ("IM Order") around the lower and upper tone frequencies. The channel settings
differ from the swept intermodulation measurement, therefore a new channel is created
when the spectrum measurement is activated ("Add CW Mode").

The following example shows an intermodulation spectrum with the following settings:
® CW Frequency: 2 GHz (lower tone, position of marker M1)
® Tone Distance: 3 MHz (defines the upper tone, position of marker M2)
® Max. IM Order: 9.
From left to right, the peaks correspond to the following intermodulation products:
— lower IM9
— lower IM7
— lower IM5 (marker M6)
— lower IM3 (marker M5)
— lower tone (marker M1)
— upper tone (marker M2)
— upper IM3 (marker M3)
— upper IM5 (marker M4)
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— upper IM7
— upper IM9
2/24/2012 7:18:12 AM
1311.6010K44-100067-QY
Trcl b2(P1) dB Mag 10 dB/ Ref 0 dBm PCai 1
b M1 2.000000 GHz | 9.9663 dBm
1 M2 2.003000 GHz 10.5042 dBm
M3 2.006000 GHz -4.7113 dBm
0dBm M5 M4--2:009000- 6Hz—20:8186-dBn]
M3 M5 1.997000 GHz -2.2854 dBm
M6 1.994000 GHz -12.9304 dBm
e
M4
Chl Arb Port 2 Start 1.9865 GHz Pwr 0 dBm Bw 10 Hz Stop 2.0165 GHz
e "CW Mode"

Activates a new channel for the spectrum measurement. The "CW Frequency" plus
half the "Tone Distance" defines the center of the diagram.

® "Spectrum = Marker"
This button is only available if the analyzer is equipped with software option
R&S ZNA-K1; see "Spectrum = Marker" on page 511. If there is no marker in the
active intermodulation trace, the center frequency of the related channel is used.

e "Max IM Order"
Defines the width of the spectrum measurement.

Remote command:

[SENSe<Ch>: ] FREQuency [ :CW]
[SENSe<Ch>:]FREQuency:IMODulation:MSPectrum
[SENSe<Ch>:]FREQuency:IMODulation:SPECtrum:MORDer
[SENSe<Ch>:]FREQuency:IMODulation:SPECtrum|[:STATe]

5.2.6.2 Intermodulation setup dialog
The intermodulation setup dialog is an instance of the Multi-channel setup dialog. It

allows you to set up one or more channels for intermodulation measurements on a
non-frequency converting DUT.
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Access: Trace — [Meas] ("Non-Frequency Converting") > "Intermodulation" > "Inter-
mod."

0:5 Setup

Receiving Port|

©

-10 dBm Intermod. ‘\

IMDS

Lin Freqg

IF Bandwidth Step Att Receiving Port IF Filter (digital)

N
10kHz 1048 N Normal

Frequency Port Copy To New Copy To New _ _
Overview - Settings... v CH + Diagram v Channel ~ Apply v oK Gzl 0 =0

Figure 5-6: Intermodulation setup dialog (non-frequency converting DUT)

Port and signal path setup

The graphical part of the dialog allows you to define the related ports and the signal

path.
Lower Tone : . Receiving Port
e 1A Dut In — g
vnaport1 v (e MRS our )
== e —— B
@__< -10 dBm

Upper Tone

e o —

10 dBm Combiner
Configuration

Figure 5-7: IMD signal path with switch matrix

If matrices are connected and configrued, the analyzer GUI clearly distinguishes
between VNA ports and test ports (logical ports "Port<i>"). The Matrix/DUT In only
appears, if the two-tone traverses the matrix.

Lower Tone
Selects an analyzer port as a source of the lower tone signal.

Remote command:
[SENSe<Ch>:]FREQuency:IMODulation:LTONe

Upper Tone

Selects an analyzer port, the Converter LO output, or an external generator as the

source of the upper tone signal.

® For a 2-port R&S ZNA without Internal 2nd source and 2nd LO generator for 2-port
R&S ZNA, the upper tone must be provided by an external generator.
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® Fora4-port R&S ZNA, upper tone and lower tone must be provided by different
sources. l.e. without the optional Internal 3rd and 4th source for 4-port R&S ZNA,
you cannot combine ports 1 and 2 or ports 3 and 4.

® |f a switch matrix is connected and configured, both upper and lower tone must be
generated by an analyzer port. The Converter LO and external generators are not
supported in this case. As a further requirement, either upper and lower tone VNA
port must not be connected to a matrix (preferred), or they must be connected to
the same matrix.

Remote command:
[SENSe<Ch>:]FREQuency:IMODulation:UTONe

Matrix/DUT In
The matrix visualization and the "DUT In" combo box are only available if switch matri-
ces are connected and configured, and the lower tone port is connected to a matrix.

1A Dut In
o IR

Pots ¥

In a valid two-tone configuration, upper and lower tone VNA port must be connected to
the same matrix, and "DUT In" must be a matrix test port (identified by its logical port)

that can be switched to the matrix VNA port ("1A" in the picture above) that is connec-
ted to the lower tone VNA port.

Remote command:
[SENSe<Ch>: ] TTONe

Combiner Configuration

Opens the "Combiner Configuration" dialog that allows you to define the signal paths of
the ports generating the two-tone signal. The lower tone port is always the one on the
left.
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"2& Combiner Configuration

Combiner Type

External (Port)

Upper Tone
Port

Cancel 9 Help

Combiner Type «— Combiner Configuration
Defines how the generated signals are combined.

"External Use the signals of the test ports and combine them externally (see
(Port)" graphic above).
With this configuration, the two-tone signal is available at the output
of the combiner. It allows you to measure intermodulation products at
the DUT output, but not at the DUT input.

Note: With frequency converters, only external combination of the
converter RF out signals is supported.

"External Use the signal from the source out (direct access) of the lower tone
(Direct port and the signal from the upper tone port. Combine them exter-
Access)" nally, and feed the combined signal to the source in (direct access) of

the lower tone port:

ol |@88d

-
<

With this configuration, the two-tone signal is available at test port 1.
The intermodulation quantities can be measured at the DUT input or
at the DUT output.
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"Use Coupler  This configuration does not require an external combiner, but pro-

as Combiner"  vides a reduced dynamic range. It combines the signals of the lower
tone and upper tone sources using the directional coupler of the
upper tone port as combiner:

REF SOURCE MEAS REF SOURCE MEAS

©

With this configuration, the two-tone signal is available at test port 1.
The intermodulation quantities can be measured at the DUT input or
at the DUT output.

"Internal” If the R&S ZNA is equipped with an Internal combiner (R&S ZNAXxx-
B21y), then:
® Fora 2-port instrument (with R&S ZNAxx-B212), the source sig-
nals of port 1 and port 2 can be combined internally
® For a 4-port instrument (with R&S ZNAxx-B213), the source sig-
nals of port 1 and port 3 can be combined internally

- ©

.
REF SOURCE MEAS REF SOURCE MEAS

ouT auT auT auT

a n i g i ™

The combined signal is output to port 1.

aut

f@ m@m@
® - 2“@@

au
Ll

Remote command:
SOURce<Ch>:COMBiner

Receiver Inputs «— Combiner Configuration
Defines the receiver signal paths for the lower- and upper-tone ports.
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Receiver Inputs

Lower Tone Upper Tone

Cancel 0 Help

Direct Access

Reverse Coupler

Source Monitor

Note:

® Make sure to select the correct configuration, according to your cabling.

® |f the internal combiner is used, lower- and upper-tone signals use the same path,
and hence only "Lower Tone" can be selected.

See "Receiver Input" on page 686.

Receiving Port
Selects the receiving port for the signal from the output of the DUT.

Remote command:
[SENSe<Ch>:]FREQuency:IMODulation:RECeiver

Sweep and stimulus setup

IMD Sweep Type

The intermodulation distortion measurement can be performed with three different
sweep types. The sweep parameters to the right of the "IMD Sweep Type" selector
change accordingly.

"Lin Freq" The channel is set to Lin Freq sweep type. The lower tone port
sweeps with channel settings (see "Start Frequency/Stop Frequency/
Number of Points/Freq Step Size/Base Power" on page 391), the
upper tone in parallel with a given Delta Frequency.

"Power" The channel is set to Power sweep type. The lower tone port sweeps
with channel settings (see "Start Power/Stop Power/Number of
Points/Fixed CW" on page 391), the upper tone in parallel with a
given Delta Frequency.

"Delta F" The channel performs a CW Mode sweep whose standard parame-
ters can be set in the dialog (see "Start delta Freq./Stop delta Freq./
Number of Points/Base Power/CW Frequency/CW fixed to"
on page 391).

The frequency distance between lower tone and upper tone starts at
"Start Delta Freq." and ends at "Stop Delta Freq." (grows or shrinks
linearly). Either the lower tone or the upper tone remains at the con-
figured CW Frequency ("CW fixed to": "Lower Tone"/"Upper Tone").
As a third possibility, the center between lower tone and upper tone
can remain at the configured CW Frequency ("CW fixed to": "Center".
For the related parameters, see "Start delta Freq./Stop delta Freq./
Number of Points/Base Power/CW Frequency/CW fixed to"

on page 391.
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Start Frequency/Stop Frequency/Number of Points/Freq Step Size/Base Power
Standard parameters of a linear frequency sweep (see Chapter 5.8, "Stimulus softtool",
on page 527).

Start Power/Stop Power/Number of Points/Fixed CW
Standard parameters of a power sweep (see Chapter 5.8, "Stimulus softtool",
on page 527).

Delta Frequency

Defines the frequency difference between the upper and the lower tone for linear fre-
quency and power sweeps. The tone distance is kept constant across the entire
sweep.

Remote command:
[SENSe<Ch>:]FREQuency:IMODulation:TDIStance

Start delta Freq./Stop delta Freq./Number of Points/Base Power/CW Fre-
quency/CW fixed to

Defines the lower tone and upper tone frequency sweeps for IMD Sweep Type "Delta
F".

Additional channel settings

IF Bandwidth
See "Bandwidth" on page 542.

Step Att Receiving Port
Only available if the selected Receiving Port is equipped with a receiver step attenua-
tor (see Chapter 4.7.31, "Receiver step attenuators”, on page 312).

Defines the receiver step attenuation at this port.

Frequency Overview dialog

The "Frequency Overview" dialog summarizes the resulting measured frequency
ranges, according to the current setup of the related channel. Invalid frequency ranges
(that are not covered by the analyzer's frequency range) are marked in red.

Access: "Frequency Overview" in various channel mode setup dialogs
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"2& Frequency Overview

Tene Lower Upper

1GHz ... 25 GHz 2 GHz ... 26 GHz

X Close 0 Help

The settings in the channel mode setup dialog from which the "Frequency Overview"
dialog was called cannot be applied unless all measured frequency ranges are valid.

Intermodulation setup dialog (frequency-converting)

The frequency converting intermodulation setup dialog is an instance of the Multi-chan-
nel setup dialog. It allows you to set up one or more channels for an intermodulation
measurement on a frequency converting DUT.

Access: Trace — [Meas] ("Frequency Converting") > "Intermodulation” > "Intermod."

@ seup

990 MHz ... 3.99 GHz
-10 dBm

Combiner
Configuration Intermod ‘\

IMD Sweep Type

Lin Freq
Input Port (RF) Mixer 1 Mixer 2 Output Port (IF)
IF = RF - LO (Down, USB) None

Base Freq v
RF Power

Base Pwr »

IF Bandwi

10kHz

-10 dBm

Frequency
Overview

LO1T Frequency

LO1 P
-

Step Att IF Port Delta Fre;

10dB

Fixed

Port Copy To New
v CH + Diagram

Settings...

IF Frequ
Auto -

IF Power
EET g - 10 dBm

IF Filter (digital)

Normal

" Apply W 0K Cancel

Figure 5-8: Intermodulation Setup Dialog (frequency converting DUT)
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5.2.6.4 Intermodulation Measurements dialog

Allows you to select the measured quantities that are relevant for intermodulation mea-

surements.
Access: Trace — [Meas] > "Intermodulation” > "Intermod Product..." | "Intercept
Point..." | "Main Tone..."

O Background information
S Refer to "Intermodulation quantities" on page 271.

Since firmware version 2.80, the R&S ZNA allows you to measure at intermodulation

@ products of order 2. Because these intermodulation products are rarely measured, the
intermodulation calibration does not cover them by default. If needed, enable these
Additional IMD Products explicitly in the "Mixer/IMD/Harmonics" tab of the calibration
setup dialog.

Intermod Product tab
Allows you to select the power at intermodulation products as measured quantities.

Access: Trace — [Meas] > "Intermodulation" > "Intermod Product..."

Intermeod Product

Absolute Relative

Absolute Relative
IM3LO IM3UO IM3IMO IM3LOR  IM3UOR  IM3MOR

IM3IUO IM3MO IM3LOR  IM3UOR  IM3MOR

IM5LO IM5UO IM5MO IM5LOR  IMSUOR  IMS5MOR
IM5UO IM5MO IM5LOR  IM3UOR  IM5MOR

IM7LO IM7UO IM7MO IM7LOR  IMTUOR  IM7MOR
IM7UO IM7MO IM7LOR  IMTUOR  IMTMOR

IMILO IMSUO IMamMo IMOLOR  IMSUOR  IMOMOR
IMauo IMOMO IMOLOR  IMOUOR  IMOMOR

IM2LIO IM2UIO IM2ZMIO IMZLIOR  IM2UIOR  IMZMIOR
IM2UO IM2ZMO IMZLOR  IM2UOR  IM2ZMOR

IM2LOO  IMZUOCO  IM2ZMOO IM2LOOR IM2UOOR IM2ZMOOR

Upper Major ower Upper Major

Upper Major r Upper Major

Figure 5-9: Left: non frequency-converting / right: frequency-converting

IM<order><side><intemod location>0O

Absolute InterModulation product (displayed in dB units).

e <order> defines the order of the intermodulation product. Possible values are 2, 3,
5,7,0r09.

® <side> defines the position of the intermodulation product relative to the lower and
upper tones.
— Upper intermodulation products are measured at frequencies above the upper

tone.
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— Lower intermodulation products are measured at frequencies below the lower
tone.

— Major denotes the lower or upper intermodulation product, whichever is larger.
The major intermodulation product reveals the worst-case performance of the
DUT.

® <jntemod location> is only available for frequency-converting channels, and only

for <order> = 2. It defines where the intermodulation occurs:

— Input or RF side of the DUT

— Output or IF side of the DUT
See Table 4-26.

Currently intermodulation products are always measured at DUT Output.

Remote command:
CALCulate<Ch>:PARameter:MEASure
CALCulate<Ch>:PARameter:SDEFine

IM<order><side><intemod location>OR
Relative intermodulation product at DUT output.

Same as IM<order><side><intemod location>0 but in this case the intermodulation
product is displayed in dBc units Relative to the measured lower tone level at the DUT
output ("Lower Tone at DUT Out").

The relative result is often termed "intermodulation suppression”.

Remote command:
CALCulate<Ch>:PARameter:MEASure
CALCulate<Ch>:PARameter:SDEFine

Intercept Point tab
Allows you to select intermodulation products as measured quantities.

Access: Trace — [Meas] > "Intermodulation” > "Intercept Point"

Intercept Point Intercept Point

Output

Output Input
IP3LO IP3UO IP3IMO

IP3UO IP3MO IP3UI
IPSLO IPSUO IPSMO
IP5UO IPSMO IPSUI
IPTLO IPTUO IPTMO
IPTUO IPTMO IPTUI
IPOLO IPUO IPAMO
IPAUC IPAMO IPQUI
IP2LIO IP2UIO IP2ZMIO
IP2UO IP2ZMO IP2UI
20 IPZLOO IPZUCO  IP2ZMOO

Upper Major ower Upper

Lower Upper Major
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IP<order><side><intermod location><DUT port>
Intercept Point at DUT output
e <order> defines the order of the intercept point. Possible values are 3, 5, 7, or 9.
® <side> defines the position of the intercept point relative to the lower and upper
tones.
— The Lower intercept points are measured at frequencies below the lower tone.
— The Upper intercept points are measured at frequencies above the upper tone.
— The Minor intercept point denotes the lower or upper intercept point, whichever
is smaller. It reveals the worst-case performance of the DUT.
® <intemod location> is only available for frequency-converting channels, and only
for <order> = 2. It defines where the intermodulation occurs:
— Input or RF side of the DUT
— Output or IF side of the DUT
See Table 4-26.
® <DUT port> defines the reference port for the intercept point calculation. Possible
values are O for the DUT output port and I for the DUT input port.
Both values differ by the attenuation of the lower tone signal upon transmission
through the DUT; see "Intermodulation quantities" on page 271.

Remote command:

CALCulate<Ch>:PARameter:MEASure

CALCulate<Ch>:PARameter:SDEFine

Main Tone tab

Allows you to select the upper/lower tone at DUT input/output as measured quantities.

Access: Trace — [Meas] > "Intermodulation" > "Main Tone"

Main Tone

Output Input

Lower LTO LTI

Upper uTo

"Lower Tone at DUT Out" (LTO), "Lower Tone at DUT In" (LTI), "Upper Tone at DUT
Out" (UTO), and "Upper Tone at DUT In" (UTI) are measurements of the two funda-
mental waves of the intermodulation measurement.

5.2.7 Gain Compression tab
Allows you to configure and perform compression point over frequency measurements.

This softtool is available and has the same appearance for both frequency- and non
frequency-converting DUTs.
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) Mixer
~ Params

(@) 5-Params () 5-Params Trace

Meas Format Scale
Amplifier \ Setup Frequency
Compression... Converting DUT... TeeEz
Line Marker
Cenfig
Measurement Measurement

Cempression Point Compression Point
Power In Power In

Compression Point Compression Point
Power Out Power Out

Compression Point Compression Point
5-Param S5-Param

Sweep Settings Sweep Settings

Gain Com- . Gain Com-
L Compression Value e
pression T pression

Compression Value
1dB

O Skip linear O Skip linear
Sweep section Sweep section

The gain compression measurement performs a power sweep (defined by Start Power/
Stop Power and Power Points) for a linear frequency grid (defined by Start Frequency/
Stop Frequency, Number of Points). Given the configured Compression Value, and
with the (fixed) start power serving as reference point, the compression point (Pcyp,
iN(F), Scmp(f)) is determined for each grid frequency f.

S [dB]
Frequency f=fi1, ..., fN

"Compression Value"

SCmp (f) ———————————————————————————————————

"Start power" Pcmpin (f) P [dBm]

direction, i.e. with the receiving port of the gain compression measurement operating
as source port. In the current implementation, by default the same power sweeps are
used for the reverse direction. If the resulting power levels are inadequate for your
DUT, you have to configure a source power different from Pb for the receiving port of
the gain compression measurement (see "Channel Base Power" on page 637).

@ If a full 2-port calibration is used, the R&S ZNA also requires measurements in reverse

Skipping the linear part

For all frequencies, the power sweep starts at the configured start power, which serves
as the reference for the compression point. The power sweep always stops when it
reaches a point that falls below the configured Compression Value. However, if the lin-
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ear part is large compared to the compression part, a large part of the measurement
time is wasted for irrelevant power points. If you enable Skip Linear Sweep Section,
then for frequency f,.¢ the firmware skips all power sweep points between start power
and Pgmp in(fr) — "Start Before Cmp" on page 398.

S [dB]
Frequency fa

"Compression Value"

SCmp (fn)
|
|
skipped for fn+1 :Start before Cmp:E
T — 'i
"Start power" = 2nd Pempin (fa) - P [dBm]
1st power sweep point power sweep point
for all frequencies for fn+1

5.2.7.1 Controls on the Gain Compression tab

Amplifier Compression/Setup Frequency Converting DUT

Opens the Multi-channel setup dialog for gain compression measurements:

® See Chapter 5.2.7.2, "Amplifier Compression setup dialog", on page 398 for non-
frequency converting DUTs

® See Chapter 5.2.7.3, "Converter Compression setup dialog", on page 399 for fre-
quency-converting DUTs

Compression Point Power In / Compression Point Power Out / Compression
Point S-Param

Selects the input power, output power, or transmission S-parameter value at the
<x dB> compression point as the measured quantity, where <x dB> is the specified
Compression Value.

Remote command:
'CALCulate<Ch>:PARameter:MEASure '<TraceName>', 'CmpPtPin' |

'CmpPtPout' | 'CmpPtS'
CALCulate<Ch>:PARameter:SDEFine '<TraceName>', 'CmpPtPin' |
'CmpPtPout' | 'CmpPtS'

Compression Value
With a "Compression Value" of x, the gain compression measurement searches for the
x dB compression points of the power sweeps.

The x dB compression point is defined as the stimulus level where the response value
has dropped by x dB compared to the response value at start power.

Remote command:
[SENSe<Ch>:]FREQuency:COMPression:POINt
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Skip Linear Sweep Section
Activates/deactivates skipping "irrelevant" power sweep points, as described in "Skip-
ping the linear part" on page 396.

Remote command:
[SENSe<Ch>:]FREQuency:COMPression:SKIP

Start Before Cmp

If Skip Linear Sweep Section is active, then for the next frequency, after measuring at
start power, the firmware continues the power sweep "Start Before Cmp" to the left of
the "Compression Point Power In" determined for the previous frequency.

See "Skipping the linear part" on page 396.

Remote command:
[SENSe<Ch>:]FREQuency:COMPression:SKIP:0FFSet

5.2.7.2 Amplifier Compression setup dialog

The "Amplifier Compression" setup dialog is an instance of the Multi-channel setup dia-
log. It allows you to set up one or more channels for compression point over frequency
measurements on non-frequency converting DUTs.

Access: Meas softtool > "S-Params" > "Gain Compression" > "Amplifier Compression"

Driving Port
port1 v O}

-25dBm ... -15 dBm

Amplifier
Compression \\

Start Frequency Stop Frequency Number of Points Freq Step Size Base Power

IF Bandwidth Step Att Receiving Port | LNA Start Power Stop Power Power Points
ON

10 kHz 1048 O -25 dBm -15 dBm [0 ]

Port Copy To New Copy To New
Settings... v CH + Diagram v Channel + Apply v 0K

Figure 5-10: Amplifier Compression dialog

Driving Port/Receiving Port

Selects the driving and receiving port for the gain compression measurement.
Remote command:

[SENSe<Ch>:]FREQuency:COMPression:SRCPort
[SENSe<Ch>:]FREQuency:COMPression:RECeiver
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Sweep Type
Compression measurement channels are set up for linear frequency sweeps. For each
point on the (linear) frequency grid, the firmware performs a power sweep.

Start Frequency/Stop Frequency
See the corresponding controls on the Stimulus tab.

Number of Points
See the corresponding controls on the Sweep Params tab.

Base Power/IF Bandwidth/Step Att Receiving Port
See the corresponding controls on the Pwr Bw Avg softtool.

Start Power/Stop Power
Defines the start and stop power for the power sweeps that are performed at each
point on the linear frequency grid defined using Start Frequency/Stop Frequency.

Remote command:
[SENSe<Ch>:]FREQuency:COMPression:POWer:STARt
[SENSe<Ch>:]FREQuency:COMPression:POWer:STOP

Power Points
Defines the number of points for the power sweeps at each point on the frequency grid
defined using Start Frequency/Stop Frequency.

Remote command:
[SENSe<Ch>: ] FREQuency:COMPression:POWer:POINts

5.2.7.3 Converter Compression setup dialog

Similar to the Amplifier Compression setup dialog, but with additional configuration
possibilities for frequency converting DUTs.

Access: Meas softtool > "Mixer Params" > "Gain Compression" > "Setup Frequency
Converting DUT"
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Mixerl

Converter ;\
Compression

Start Frequency Stop Frequency Number of Points Freq Step Size

Input Port (RF) Mixer 1 Mixer 2 Output Port (IF)
IF = RF - LO {Down, USB) - None
RF Frequency LO1 Frequency IF Frequency

Base Freq ¥ ¢ 3 z Fixed

w
RF Power LO1 Power IF Power

IF Bandwidth Step Att IF Port LNA Start Power Stop Power
ON

P oints
10 kHz 1048 O -25 dBm -15 dBm [0 ]

Fixed

Port Copy To New Copy To New _ _
Settings... v CH + Diagram v Channel v Apply v oK Gzl 0 el

5.2.8 Time Domain tab

The "Time Domain" tab is enabled by software option R&S ZNA-K2. It mirrors the Time
Domain tab of the Trace — [Trace Config] softtool.

5.2.9 Time Gate tab

The "Time Gate" tab is enabled by software option R&S ZNA-K2. It mirrors the Time
Gate tab of the Trace — [Trace Config] softtool.

5.2.10 Power Sensor tab

Allows you to set up and perform measurements using external power sensors.
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Trace
Prmtr 1

Meas Format Scale

Power Meter
Pmtr 1

Trace
NRP185 Config
Ser#: 100654

Line Marker

Auto Zero...
Source Port
Port 1

Show as
Power

Port
Settings...

The standard test setup for a "Power Sensor" measurement involves one analyzer
source port and a power sensor. The power sensor is connected to the VNA (e.g. to
the analyzer's USB port) and provides scalar wave quantity results. See Chap-

ter 4.7.39, "External power meters", on page 319.

Some buttons serve as openers for additional dialogs:

e "Cal Power...": see Chapter 5.11.3.2, "Cal Power Config dialog", on page 636

® "Transm. Coefficients...": see Chapter 5.11.3.3, "Power Meter Transmission Coeffi-
cients dialog", on page 639

® "Power Meters...": see Chapter 4.7.39, "External power meters", on page 319

Pmtr<i>
After a power meter was connected, configured, and selected, you can use this button
to create a power meter trace in one of the available diagrams or in a new one.

Remote command:
CALCulate<Ch>:PARameter:MEASure 'TraceName', 'PmtrDl |
CALCulate<Ch>:PARameter:SDEFine 'TraceName', 'PmtrDl |

Power Meter
Shows a list of all power meters that have been properly configured. See "Configured
Devices" on page 902.

The bordered label below displays the type and serial number of the selected power
meter.

Remote command:
CALCulate<Ch>:PARameter:MEASure 'TraceName', 'PmtrDl |
CALCulate<Ch>:PARameter:SDEFine 'TraceName', 'PmtrDl |

Auto Zero
Initiates an automatic zeroing procedure of the selected power meter.

The power meter must be disconnected from the RF power; see Chapter 4.7.39.1,
"Zeroing", on page 321. A message indicates that zeroing is finished.
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Remote command:
SYSTem:COMMunicate:RDEVice:PMETer<Pmtr>:AZERO

Source Port
Selects one of the available test ports of the analyzer as a source of the stimulus sig-
nal.

Remote command:
CALCulate<Ch>:PARameter:MEASure 'TraceName', 'PmtrDl |
CALCulate<Ch>:PARameter:SDEFine 'TraceName', 'PmtrDl |

Show as
Selects the physical unit of the displayed trace. It is possible to display the measured
"Voltage" V or convert it to a "Power" according to the formula

P = V2/Re(Z,).
Z, denotes the reference impedance of the source port. The reference impedances are

defined in the "Balanced Ports" dialog (see Chapter 5.2.2.5, "Balanced Ports dialog",
on page 355).

Remote command:
CALCulate<Chn>:FORMat :WQUType

Port Settings...
Opens the Port Settings dialog.
5.2.11 Spectrum tab

The "Spectrum" tab allows you to set up spectrum measurements.

O Spectrum measurements require software option R&S ZNA-K1. If this option is not
= installed, the "Spectrum" tab is hidden.

5.2.11.1 Controls on the Spectrum tab

The controls on the "Spectrum" tab allow you to select a port and one of its receivers,
and to define how the spectrum trace is calculated. The sweep parameters and other
channel settings are defined in the Chapter 5.2.11.2, "Spectrum Setup dialog",

on page 405.
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Spectrum .\ Trace
Analysis...

Measurement

Meas Format Scale

Trace
Config

Line Marker

Port 1 Port 2

Port 3 Port 4

Receiver
Measurement (b)

Trace Mode

Trace Mode
Clear Write

Reset History

Detector
Maximum Peak

Image Rejection
Normal 4 acg.
Spectrum

Increased Level
Accuracy

Port
Settings... ‘\

Spectrum Analysis...
Opens the Spectrum Setup dialog

Measurement
Selects the physical port for the spectrum measurement.

Drag one of the "Port" buttons to the diagram area to create a spectrum trace. Then
select the "Receiver" on page 404 to be measured.

If external switch matrices are connected, ports 3 and higher can be selected using a
combo-box instead of a button:
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Remote command:

CALCulate<Ch>:PARameter:MEASure 'SAl' | 'SALREF' | 'SA2' |
'SA2REF"
CALCulate<Ch>:PARameter:SDEFine 'SAl' | 'SALREF' | 'SA2' |
"SA2REF"
Receiver

Selects which receiver of the current spectrum trace's port shall be measured.

Remote command:

CALCulate<Ch>:PARameter:MEASure 'SA1l' | 'SAIREF' | 'SA2' |
"SA2REF"

CALCulate<Ch>:PARameter:SDEFine 'SA1' | 'SAIREF' | 'SA2' |
"SA2REF"

Trace Mode

Defines how the spectrum trace is smoothed and averaged.

"Clear Write" Overwrite mode: the trace is overwritten by each sweep.

"AVG" The pointwise arithmetic mean over several sweeps.

"Min Hold" The minimum value is determined from several sweeps and dis-

played. The R&S ZNA saves the sweep result in the trace memory
only if the new value is lower than the previous one.

"Max Hold" The maximum value is determined over several sweeps and dis-
played. The R&S ZNA saves the sweep result in the trace memory

only if the new value is greater than the previous one.

The different trace modes are implemented as a combination of the general purpose
Infinite Averaging and Hold mode.

Trace mode Infinite averaging Hold mode
"Clear Write" OFF "Hold OFF"
"AVG" ON "Hold OFF"
"Min Hold" OFF "Min Hold"

"Max Hold" OFF "Max Hold"

Use Reset History to reset the averaging/minimization/maximization history.

Remote command:
Use the commands for Infinite Averaging and Hold according to the table above.

Reset History

Resets the trace calculation history for Trace Mode "AVG", "Min Hold", and "Max Hold".

Remote command:
"AVG": CALCulate<Chn>:IAVerage[:STATe] OFF; IAVerage ON
"Min Hold": CALCulate<Chn>:PHOLd OFF; PHOLd MIN
"Min Hold": CALCulate<Chn>:PHOLd OFF; PHOLd MAX
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Detector
The "Detector" defines how the measurement result for a particular sweep point is
derived from the related sample values.

Maximum Determines the largest of all levels measured at the individual fre-
Peak quencies which are displayed in one sample point.

Minimum Peak Determines the smallest of all levels measured at the individual fre-
quencies which are displayed in one sample point.

RMS Calculates the root mean square of all samples contained in a sweep
point.

Average Calculates the arithmetic mean of all samples contained in a sweep
point.

Remote command:
[SENSe<Ch>:]SPECtrum:DETector

Image Rejection
Selects the image rejection strategy: the higher the number of data acquisitions, the
better the image rejection.

"Off 1 acq." is recommended if you want to evaluate the noise power ratioPower Ratio.

Remote command:
[SENSe<Ch>:]SPECtrum:IREJection

Increased Level Accuracy
Disables/enables zero padding.

By default zero padding is used to increase the level accuracy. Not using it can
increase the measurement speed, in particular for multi-channel measurements (at the
possible cost of a small decrease in level accuracy).

Remote command:
[SENSe<Ch>:]SPECtrum:ZPADing

Port Settings...
Opens the Port Settings dialog.

5.2.11.2 Spectrum Setup dialog
Allows you to set up channels for the spectrum measurement. For spectrum measure-

ments on frequency-converting DUTs, the "Spectrum Setup" dialog also comprises the
mixer configuration.
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Setup

Receiving Port|

Spectrum \

Start Frequency Stop Frequency Number of Points

o ool

Resclution BW Step Att Receiving Port IF Gain Mode Sweep Time

oKz Toas ods - -

Port TR TR . .
Settings... v CH + Diagram v Channel " Apply v Ok s o Help

Figure 5-11: Spectrum Setup dialog (non frequency-converting DUT)

O ® Spectrum measurement channels always use the wideband signal path (see "IF
= Filter (analog)" on page 542).
® |f you want the R&S ZNA to generate a stimulus signal while making the spectrum
measurement, you have to configure a generator ("Source Gen") port in the Port
Settings dialog.

Sweep Type / ... | Base Power
Basic frequency sweep settings as defined in the Stimulus tab and Sweep Params tab.
In spectrum mode, the receiver is swept linearly.

Resolution BW
Sets the resolution bandwidth, see "Bandwidth" on page 542.

Step Att Receiving Port
Defines the (mechanical) attenuation at the receiving port (see "Receiver Step Att."
on page 532).

LNA ON/Preamp Gain
If you select port 2 as the "Receiving Port" and enable the internal low noise amplifier
("LNA ON"), you can specify a "Preamp Gain" instead of a Step Att Receiving Port.

See Chapter 5.8.2, "Power tab", on page 530.

Sweep Time / Auto

Allows you to set a sweep time or use the minimum possible sweep time (see "Sweep
Time / Auto" on page 546).

5.2.12 External DLL tab

The "External DLL" tab allows you to add/remove custom plug-ins to/from the firmware.
It gives access to their configuration, tasks, and traces.
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5.2.12.1
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Background information
Refer to Chapter 4.7.43, "External DLLs", on page 335.

Access: Trace — [Meas] > "S-Params" mode > "External DLL"

Controls on the External DLL tab

(@) S-Params O z: :::n . Lz
Meas Format Scale
Configurationf

Perm. Settings... ‘\ Traca
Config

Line Marker

Measurement

Power Added
Efficiency

Pae

my_plugin

Configuration / Perm. Settings
Opens the External DLL Configuration Dialog.

Measurement
The "Measurement” section gives access to the custom traces of the loaded plug-ins.

Each external DLL <ext dl11 name>.d11 that provides at least one custom trace
type, adds a measurement button "<ext_dIl_name>" (with dotted left border) to the
"Measurement” section of the "External DLL" tab. If neither the PAE plugin nor any cus-
tom external DLL is installed, the "Measurement" section is hidden.

Tapping (clicking) or dragging & dropping a measurement button to the diagram area,
opens an additional Trace Definition Dialog.

As usual, tapping (clicking) redefines the current trace while dragging & dropping cre-
ates a trace.

Power Added Efficiency «— Measurement

This button is part of the PAE plugin, which is pre-installed on instruments shipped with
firmware V2.15 or higher, and that can be installed on any instrument running firmware
VV2.15 or higher. It opens the Power Added Efficiency (PAE) dialog.

External DLL Configuration Dialog

In the "External DLL Configuration" dialog, you can add/remove External DLLs to/from
the firmware. If a plugin requires interaction with an external device, you can define its
address from here.
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@ To add/remove external DLLs, the firmware has to be run as administrator.

(Close the analyzer GUI, tap and hold the "R&S ZNA Vector Network Analyzer" icon on
the desktop and select "Run as administrator”

4'2# External DIl Configuration — Ch1
Loaded DLLs

Active ¥ | Permanent | Task Type Additional Input Version | Interface Version

¥ | dc1port=1;u0=0.0;rport=2;recimp=50;srcimp=50| 1.0.0

Configure
Device Adresses

x Close 0 Help

Loaded DLLs table
Displays the loaded plug-in DLLs and their configuration in the current channel.

Remote command:
[SENSe:]CDLL:LIST?

Active — Loaded DLLs table
Allows you to de-/activate the respective plugin in the current channel. An active plugin
can be used to create traces and/or can be made Permanent.

Remote command:
[SENSe<Ch>:]CDLL[:STATe]

Permanent — Loaded DLLs table
Defines the task that is selected via Task Type and further defined via "Additional
Input" on page 408 as permanent.

A permanent task can interact with the firmware, even if it currently does not provide
any traces, e.g. for synchronized control of an external device. In contrast to the trace
mode, the permanent mode of operation is not restricted to a particular driving port.

Remote command:
[SENSe<Ch>:]CDLL:PERManent [ : STATe]

Task Type <— Permanent < Loaded DLLs table
Displays the task types implemented by the external DLL. This combo-box is only
enabled, if the DLL is marked as permanent.

Remote command:
[SENSe<Ch>:]CDLL:PERManent : TASK

Additional Input — Permanent < Loaded DLLs table

Specifies additional input that further specifies the permanent task to be performed by
the external DLL.
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This string is processed by the external DLL, with DLL-specific syntax and semantics.
If it is malformed or inappropriate for some reason, the firmware logs and displays the
error messages that are returned by the DLL. See the docs of your DLL for details.

Remote command:
[SENSe<Ch>:]CDLL:PERManent:ADDitional

Version/Interface Version < Loaded DLLs table

"Version" is purely informative. It reports the version of the DLL, as specified by its
developer.

"Interface Version" is the version of the plug-in SDK that was used to compile the DLL
(more precisely, the version of the interface RsvnaCustombDl1Interface.h against
which it was compiled). This version can change the DLL handling of the analyzer firm-
ware.

Add / Remove

Allows you to add/remove custom plugins to/from the analyzer firmware.

In general, a plug-in is installed as a * . zip file, containing a DLL and, possibly, some
additional files. The only exception is the PAE plugin, which comes with its own Micro-
soft installer.

A plug-in is installed as a * . zip file, containing a DLL and, possibly, some additional
files.

4-:» Select ZIP file with DLL = = X

Look in: . C:\Users\Publi...rz\ZNA\Plugins ¥ 4= -u- ? Windows
! Explorer

‘ My Computer Name Date Modified

HardCopy .I My plugin.zip 0 bytes 17.05.2021 12:04

FINETL N My plugin.zip ﬁ Open

Files of type: ZIP files (*.zip) - Cancel

4% Rohde & Schwarz ZNA - Info

Plugin loaded successfully. Please restart firmware to use plugin.

The firmware must be run as administrator to add or remove custom plugins. Once
installed, standard user privileges are sufficient to use a plugin's functionality.

Remote command:
[SENSe:]CDLL:ADD
[SENSe: ]CDLL:REMove
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Configure Device Adress

Opens an additional dialog that allows you to specify the addresses of external devices
the external DLL requires to complete its tasks. For each task type, a single device
address can be configured.

The address syntax is DLL-specific: the DLL manages the connection to the external
device. In the example below, the DLL expects a VISA resource string and the VNA
operator indicates that the device is connected to (virtual) COM port 4.

4'2# External DIl Device Configuration — Ch1 ‘@@ o]
Configured Devices

Task Type & Address

¥ Close 0 Help

Remote command:
[SENSe<Ch>:]CDLL:TASK:ADDRess

5.2.12.3 Power Added Efficiency (PAE) dialog

The "Power Added Efficiency (PAE)" dialog configures the measurement of the PAE of
an active 2-port device.

@ PAE plugin
® The PAE measurement is preinstalled on instruments shipped with FW V2.15 or
higher. For older instruments, it is available as a separate installer that can be
downloaded from the R&S ZNA firmware page, and that is supported with FW
V2.15 or higher.

® The PAE measurement requires an external power supply R&S HMP2030 that is
connected to the R&S ZNA via USB.

® There are no dedicated remote commands for the PAE measurements. Instead,
the measurement parameters are provided as:

— trace definition parameter "Src Port" in the Trace Definition Dialog

"Additional Input" string in the Trace Definition Dialog and External DLL Config-
uration Dialog (for permanent tasks).

Access: Trace — [Meas] > "S-Params" > "External DLL" > "Power Added Efficiency"

O Background information
S Refer to section Chapter 4.7.44, "Power added efficiency", on page 337.
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‘g@ Power Added Efficiency (PAE)

Formula

Poc= Up* Iy

Power Supply Port

Formula

PAE = (bout” - ain®) / Poc

A PAE measurement involves the following steps:
1. Enter the measurement parameters.

2. Establish the test setup (including the RF connections of the DUT and the DC
INPUT connections) as shown in the circuit diagram.

3. Close the "Power Added Efficiency (PAE)" dialog and observe the result in the
measurement diagram.

The power supply R&S HMP2030 applies a configurable DC voltage U, between the
DUT ports, and measures the resulting current /,,. With the resulting DC power Py =
U, I,,, the power-added efficiency can be calculated as:

PAE = (bout2 - ainz) /PDC

Uo
Defines the DC voltage to be applied by the power supply.

Remote command:
"Additional Input" u0=<numeric value>;

Power Supply Port
Defines the power supply port to be used.

Remote command:
"Additional Input" dclport=<int value>;

User Manual 1178.6462.02 — 30 411



R&S®ZNA GUI reference

5.2.12.4

Meas softtool

In/Out
Define the logical ports for the RF input and output signal, respectively.

Remote command:
"In" is specified as <Src Port> in the trace identifier (see Define Trace)
"Out" is specified as "Additional Input" rport=<int value>;

Trace Definition Dialog

Specifies a custom trace that is provided by an external DLL.

Access: External DLL tab > "Measurement" section buttons

4-:& Trace Definition

Define Trace

Task Type

pae

Additional Input

de1port=1;u0=0.0;rport=2; recimp=50;srcimp=50
Cancel 0 Help
Figure 5-12: Trace Definition dialog

In the VNA firmware, the following string represents the measured quantity:

Cu(P<Src Port>)<lowercase_ext_dll_name>/<Task Type>/<Additional Input>

This string is displayed in the trace info and in the "Trace Manager". You can also use it
to specify the corresponding <Result> in remote commands:

® CALCulate<Ch>:PARameter:MEASure

® (CALCulate<Ch>:PARameter:SDEFine

Define Trace

Requests the external DLL, for which the Trace Definition Dialog was called, to calcu-
late a particular trace.

® "Task Type" selects the task that is responsible for calculating this kind of trace

® The trace is calculated when "Src Port" is the (physical) driving port

In the Figure 5-12, for example, the external DLL provides a task to calculate PAE
(power added efficiency) traces. The user requests the PAE trace calculation while port
1 is the driving port.

"Task Type" and "Src Port" define the first part of the trace identifier:
Cu(P<Src Port>)<lowercase_ext_dll_name>/<Task Type>/<Additional Input>

If these selections are insufficient fo fully specify the trace, Additional Input can be pro-
vided to the respective task.
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Additional Input

For some task types, the basic information in "Define Trace" can be supplemented with
"Additional Input". This string is processed by the external DLL, with DLL-specific syn-
tax and semantics. If it is malformed or inappropriate for some reason, the firmware
logs and displays the error messages that are returned by the DLL. See the docs of
your DLL for details.

In Figure 5-12, for example, the external DLL plugin is provided with additional informa-
tion about the source and receive impedance (recimp=50;srcimp=>50) to calculate the
PAE trace correctly.

The "Additional Input" is the last part of the trace identifier:
Cu(P<Src Port>)<lowercase_ext_dll_name>/<Task Type>/<Additional Input>

5.2.13 Scalar Mixer Meas tab

Prepares Scalar mixer measurements on a frequency converting DUT and allows you
to select the measured quantities for:

® Gain measurements
® Reflection feedthrough measurements
® \Wave measurements

led, the "Scalar Mixer Meas" tab is not available.

® These measurements require software option R&S ZNA-K4. If this option is not instal-
O Background information

Refer to Chapter 4.7.3.4, "Scalar mixer measurements", on page 274.
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- Trace
() 5-Params

Format  Scale

Setup Frequency \ Scalar
Converting DUT.

Mixer Meas
Line Marker
Measurement
Conversion Gain

RF->IF

Conversion Gain
IF->RF
Reflection

RF Port

Reflection
IF Port

Feedthru
RF—=IF

Feedthru
IF=+RF

More Reflection &
Feedthru...

a Wave RF Port
Conversion Gain

b Wave IF Port
Conversion Gain

More Waves...

® The "Setup Frequency Converting DUT" button opens the Scalar Mixer Meas setup
dialog that allows you to prepare one or more channels for Scalar mixer measure-
ments.

® The "More ..." buttons open the Frequency Converting Measurements dialog that
offers all available measurement parameters for scalar mixer measurements.

5.2.13.1 Scalar Mixer Meas setup dialog

The "Scalar Mixer Meas" dialog is an example of a Multi-channel setup dialog. It allows
you to prepare one or more channels for Scalar mixer measurements.

Access: Trace — [Meas] ("Mixer Params") > "Scalar Mixer Meas" > "Setup Frequency
Converting DUT"

O Background information
s Refer to the following sections:
® Chapter 4.2.2.3, "Multi-channel setup dialog", on page 139
® Chapter 4.7.3.4, "Scalar mixer measurements", on page 274
® "Two-stage mixer measurements" on page 274
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Freq. Conv. DUT

Scalar Mixer
Meas \

990 MHz ... 43.49 GHz
-10 dBm

Start Frequency Stop Frequency Number of Points Freq Ste

Input Port (RF) Mixer 1 Mixer 2 Output Port (IF)

IF = RF - LO {Down, USB) - None
RF Frequency LO1 Frequency IF Frequency
RF r LO1 Power IF
-

IF Bandwidth Step Att IF Port LNA
ON

10 kHz 10dB ]

Port Copy To New Copy To New _ _
Settings... v CH + Diagram v Channel " Apply v oK Szl 0 e

Base Freq ¥ 1GHz..4 Hz Fixed

Base Pwr v QLT Fixed

In its upper part, the dialog shows a diagram with the RF and LO signals, the mixing
product (IF), and the current frequency and power ranges for all signals. The diagram
is adjusted according to the "2nd Mixer" selection; see "Two-stage mixer measure-
ments" on page 274.

The lower part of the dialog allows you to configure the mixer stages and to define
sweep, stimulus and other channel settings.

Port selection
The port lists in the graphical part of the dialog contain all analyzer ports or external
generators which can provide the RF signal and local oscillator (LO) signals.

Note: If External switch matrices are used, operation with more than one internal
source RF is not supported. In this case, only the Converter LO port or an external
generator can be used as local oscillator.

Generators must be configured explicitly in the External Generators dialog before they
appear in the list. "None" means that the input signal at LO (if available) is not control-
led by the analyzer.

Remote command:
[SENSe<Ch>:]FREQuency:CONVersion:MIXer:RFPort
[SENSe<Ch>: ] FREQuency:CONVersion:MIXer:IFPort
[SENSe<Ch>:]FREQuency:CONVersion:MIXer:LOPort<Stg>

Multiplication factors

The fractional numbers in the graphical part of the dialog indicate the frequency con-
version factors for the RF and LO signals.
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The frequency-converting device is considered to be part of the mixer system under
test (MUT). In the default configuration where the RF signal is swept and the LO sig-
nals are at fixed frequency, the conversion factors do not modify the analyzer's source
signals (RF, LO 1, LO 2). They are used for the calculation of the IF frequency only.

Remote command:
[SENSe<Ch>: ] FREQuency:CONVersion:MIXer:RFMultiplier
[SENSe<Ch>:]FREQuency:CONVersion:MIXer:LOMultiplier<Stg>

RF, IF and Mixer Stages
Input Port (RF) Mixer 1 Mixer 2 Output Port (IF)
IF = RF - LO {Down, USB) Nene

RF Frequency LO1 Frequency IF Frequency

Base Ffreq * 1GHz z Fixed 7 m Auto ¥ 500 MHz...26.49 GHz

RF Power LO1 Power IF Power

Base Pwr v RUREL Fixed v IRl 10 dBm

The table in the "Frequency" tab contains the following columns:
® The frequency selectors specify how the frequency for each signal is defined. One
of the mixer input and output signals is at the analyzer's channel base frequency

("Base Freq"; the signal is swept if a frequency sweep is active; it is at fixed fre-

quency (CW) for the other sweep types). One or two signals are at "Fixed" frequen-

cies. The last frequency or frequency range is calculated automatically ("Auto"),
depending on the other dialog settings.

® The power selectors specify how the power for each signal is defined. Each of the
mixer input signals RF, LO 1, and LO 2 (if present, for ) can be either at the analyz-
er's channel base power ("Base Pwr"; the signal is swept if a power sweep is
active; it is at fixed power (CW) for the other sweep types) or at the "Fixed" power.

The same applies to the IF signal.

® The conversion selectors of the two mixer stages determine the frequency of the IF
signal.

The output signal (IF signal) of each mixer can be at the sum or at the difference of

the RF and LO input frequencies.

— IF = RF — LO means that the RF signal is down-converted (upper sideband).
The analyzer automatically switches to IF = LO — RF if the LO frequency is
above the RF input frequency.

— IF = LO — RF means that the LO signal is down-converted (lower sideband).
The analyzer automatically switches to IF = RF — LO if the RF input frequency
is above the LO frequency.

— IF =LO + RF means that the RF input signal is up-converted.

Use the "Port Settings" dialog to perform measurements at different mixer output
frequencies (e.g. to analyze the isolation for IF = RF or higher-order mixing prod-
ucts), see Chapter 5.12.2.2, "Port Settings dialog", on page 676.

® "Mixer 2" allows you to define a test setup including two mixers (instead of a single
one); see Two-stage mixer measurements. The signal diagram and the other con-
trol elements in the dialog are adjusted accordingly.

Remote command:

[SENSe<Ch>: ] FREQuency:CONVersion:MIXer:FUNDamental
[SENSe<Ch>:]FREQuency:CONVersion:MIXer:MFFixed
SOURce<Ch>:FREQuency:CONVersion:MIXer:PMODe
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SOURce<Ch>:FREQuency:CONVersion:MIXer:PMFixed
[SENSe<Ch>:]FREQuency:CONVersion:MIXer:TFRequency<Stg>
[SENSe<Ch>:]FREQuency:CONVersion:MIXer:STAGes

OK
Activates the scalar mixer mode and closes the dialog. A "Mix" label in the channel list
indicates that a scalar mixer measurement is active.

Chl |Mix Freq Channel Base Start 1GHz Pwr -10dBm Bw 10kHz

Remote command:
[SENSe<Ch>:]FREQuency:CONVersion

5.2.13.2 Frequency Converting Measurements dialog
The "Frequency Converting Measurements" dialog lets you select measurement
parameters for mixer measurements.

Access:
® Scalar Mixer Meas tab > "More ..."
® \/ector Mixer Meas tab > "More ..."

4'23 Frequency Converting Measurements

Conversion Gain Reflection Feedthru Converter Waves

S-Parameter a Wave b Wave

Forward Conversion Gain a Wave IF Port b Wave IF Port
orware RF—=IF Conversion Gain Conversion Gain
Conversion Gain a Wave RF Port b Wave RF Port
IF=RF Conversion Gain Conversion Gain

¥ Close 0 Help

Figure 5-13: Frequency Converting Measurements dialog: scalar/vector mixer measurements
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":Q Frequency Converting Measurements

Conversion Phase Reflection Feedthru Converter Waves

a Wave b Wave
a Wave IF Port b Wave IF Port

Conversion Gain Cenversion Gain

a Wave RF Port b Wave RF Port
Conversion Gain Cenversion Gain

Figure 5-14: Frequency Converting Measurements dialog: vector mixer measurements

Conversion Gain/Conversion Phase tab

Conversion Gain tab (scalar/vector mixer measurements)

Offers the full set of gain measurement parameters for frequency-converting DUTs.

Conversion Gain
S-Parameter a Wave b Wave

Conversion Gain a Wave IF Port b Wave IF Port
RF—=IF Conversion Gain Conversion Gain

Conversion Gain a Wave RF Port b Wave RF Port
IF—+RF Conversion Gain Conversion Gain

Conversion Phase tab (vector mixer measurements)

Offers the full set of phase measurement parameters for frequency-converting DUTs.

Conversion Phase

a Wave b Wave

a Wave IF Port b Wave IF Port
Conversion Gain Conversion Gain

Forward

a Wave RF Port b Wave RF Port
Conversion Gain Conversion Gain

Reflection Feedthru tab

Offers the full set of reflection and feedthru measurement parameters for frequency-
converting DUTs.
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Reflection Feedthru

b Wave at Port
RF LOz2 IF

RE Reflection Feedthru
; RF Port RF—IF

a Wave
Driving
Port

IF Feedthru Reflection
IF+RF IF Port

Converter Waves tab

Offers the full set of wave parameters for frequency-converting DUTs.

Converter Waves

b Wave at Port
LO2

a Wave

RF RF AWave RF BWave IF B\Wave(RF)

Lol
Driving
Port

Loz

RF BWave(IF)

5.2.14 Vector Mixer Meas tab

Sets up the channel for phase measurements on a frequency converting DUT (a.k.a.
vector mixer measurements), and lets you select the quantities to be measured.

led, the "Vector Mixer Meas" tab is not available.

@ These measurements require software option R&S ZNA-KS5. If this option is not instal-
O Background information

Refer to Chapter 4.7.3.5, "Vector mixer measurements", on page 277.
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Trace

() S-Params

Meas Format Scale
Setup Frequency
Converting DUT... =

) Line Marker
Config .

Measurement

Conversion Gain
RF->IF

Conversion Gain
IF->RF
Single Tone Group

Delay RF=IF

Single Tone Group
Delay IF=+RF

Conversion Phase
RF—=IF

Conversion Phase
IF=+RF

More Reflection &
Feedthru...

& Wave RF Port
Conversion Gain

b Wavwe IF Port
Conversion Gain

More Waves...

® The "Setup Frequency Converting DUT" button opens the Vector Mixer Meas setup
dialog that allows you to prepare one or more channels for \Vector mixer measure-
ments.

® The "More ..." buttons open the Frequency Converting Measurements dialog that
offers all available measurement parameters for mixer measurements. "More
Reflection & Feedthru..." opens the vector mixer measurements variant of the dia-
log, "More Waves" opens the scalar mixer measurements variant.

5.2.14.1 Vector Mixer Meas setup dialog

The "Vector Mixer Meas" dialog is an example of a Multi-channel setup dialog. It allows
you to prepare one or more channels for Vector mixer measurements (including group
delay measurements).

Access:Trace — [Meas] ("Mixer Params") > "Vector Mixer Meas" > "Setup Frequency
Converting DUT"
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"zQ Setup

Mixer1

RF
Pt~ [0
1GHz ... 43.5 GHz !

-10d8 —
" 990 MHz ... 43.49 GHz [ IRGESRLSE §
E[RTIY | [Meas

Sweep Type Start Frequency Stop Frequency Number of Points Freq Step Size Base Power

Sl - | B  EEEE 201 212.5 MHz 10 dBm

Input Port (RF) Mixer 1 Mixer 2 Output Port (IF)

IF = RF - LO (Down, USB) v || Nene
RF Frequency LO1 Frequency IF Frequency
RF Power LO IF Power

v
Base Pwr ~ EIEE Fixed v Base Pwr v [EOEE ]

IF Bandwidth Step Att IF Port LNA
ON

10 kHz 10dB |

Port Copy To New Copy To New
Settings... v CH + Diagram 4 Channel ' Apply v 0K

Fixed

This dialog offers the same settings as the Scalar Mixer Meas setup dialog. However,
for vector mixer measurements the LO ports must be controlled by the analyzer.

5.2.15 Two Tone Group Dly tab (frequency-converting DUT)

Sets up the channel for a two-tone group delay measurement (a.k.a. mixer group delay
measurement with embedded LO), and selects the measured quantities.

These measurements require software option R&S ZNA-K9. If this option is not instal-
led, the "Two Tone Group DIly" tab is not available.

O Background information

Refer to Chapter 4.7.3.6, "Embedded LO mixer group delay measurements",
on page 277.

5.2.15.1 Controls on the Two Tone Group Dly tab

If external switch matrices are used, "Two Tone Group Dly" are not supported and
hence the controls on this tab are disabled.
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Trace

() S-Params

Format  Scale

Setup Frequency
Converting DUT ‘\

Line Marker

Measurement

Two Tone Group
Delay RF—IF

Conversion Phase
RF—=IF

Conv. Derivation
RF—=IF

Main Tone

Settings

2 Tone Delta Freq.
10 MHz

Setup Frequency Converting DUT
Opens the Two Tone Group Delay setup dialog.

Measurement
Allows you to select the quantities to be measured.

The "Main Tone" button opens a dialog for quantity selection:

"2& Two Tone Group Delay Measurements - = = x

Group Delay Main Tone

Input Output

MixDly a LTone b LTone

MixPhas Upper a UTone b UTone

¥ Close 0 Help

Remote command:

CALCulate<Ch>:PARameter:MEASure '"<TraceName>', MixDly | MixPhas
| MixDeriv | Mix a LTone | Mix a UTone | Mix b LTone |
Mix b UTone

CALCulate<Ch>:PARameter:SDEFine '<TraceName>', MixDly | MixPhas
| MixDeriv | Mix a LTone | Mix a UTone | Mix b LTone |
Mix b UTone

2 Tone Delta Freq.
Allows you to select the frequency delta between upper tone and lower tone.

Remote command:
[SENSe<Ch>:]FREQuency:MDELay:APERture
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5.2.15.2 Two Tone Group Delay setup dialog

The "Two Tone Group Delay" dialog is an example of a Multi-channel setup dialog. It
allows you to prepare one or more channels for two-tone group delay measurements
(with or without embedded LO).

Access: Trace — [Meas] ("Mixer Params") > "Two Tone Group DIy" > "Setup Fre-
quency Converting DUT"

":Q Setup

Mixerl = Freq. Conv. DUT

©

2.99 GHz ... 39.99 GHz
-10 dBm

: l;- IF:
_ Two Tone q\

Group Delay

Combiner
Configuration

LO1
10 MHz
0 dBm

Sweep Type Start Frequency Stop Frequency Number of Points Freq Step Size Base r

Input Port (RF) Mixer 1 Mixer 2 Output Port (IF)
IF = RF - LO (Down, USB) v Nene

RF Frequency LO1 Frequency IF Frequency

Base Freq ¥ 3 GHz ... 40 GHz Fixed 7 m Auto hd

RF er Lo1 er IF

Base Pwr v NP Fixed v Base Pwr v LR

IF Bandwidth Step At IF Port LNA Delta Frequency Base Freq. fixed to IF Filter (digital)
ON

10 kHz 1048 O 0MHz G Normal

Frequency -, Port Copy To New Copy To New _ _
Overview Settings... v CH + Diagram v Channel /' Apply v oK Gzl e Help

5.2.15.3 Port and signal path setup

The graphical part of the dialog allows you to define the related ports and the signal
path.
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Lower Tone I - Port 1A S _ M'I
Vna Port1 = b @ IF
iMoo 1 1 o B
-10 dBm

o— <

Upper Tone

-10 dBm Combiner
Configuration

LO1
10 MHz
0dBm

-8

Figure 5-15: Signal path with switch matrix

If matrices are connected and configrued, the analyzer GUI clearly distinguishes
between VNA ports and test ports (logical ports "Port<i>"). The Matrix/DUT In only
appears, if the two-tone traverses the matrix.

Lower Tone
Select the port that generates the lower tone of the two-tone signal.

Remote command:
[SENSe<Ch>:]FREQuency:MDELay:LTONe

Upper Tone
Select the port that generates the upper tone of the two-tone signal.

Remote command:
[SENSe<Ch>:]FREQuency:MDELay : UTONe

Matrix/DUT In
The matrix visualization and the "DUT In" combo box are only available if switch matri-
ces are connected and configured, and the lower tone port is connected to a matrix.

1A Dut In
o R

Ports «

In a valid two-tone configuration, upper and lower tone VNA port must be connected to
the same matrix, and "DUT In" must be a matrix test port (identified by its logical port)

that can be switched to the matrix VNA port ("1A" in the picture above) that is connec-
ted to the lower tone VNA port.

Remote command:
[SENSe<Ch>:]TTONe

Combiner Configuration
See Combiner Configuration.

IF
Select the receive port for the two-tone group delay measurement.
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Remote command:
[SENSe<Ch>:]FREQuency:MDELay:RPORt

5.2.15.4 Sweep and stimulus setup

Delta Frequency
Selects the frequency delta between upper tone and lower tone.

Remote command:
[SENSe<Ch>:]FREQuency:MDELay:APERture

Apply/OK
Applies the settings and activates the group delay measurement mode for the channel
selected in the title bar of the setup dialog.

Remote command:
[SENSe<Ch>: ] FREQuency:MDELay:CONVersion

5.3 Format softtool

The "Format" softtool allows you to define how the measured data is presented in the
diagram area.

Access: Trace — [Format]

@ Measured quantities and display formats

The analyzer allows arbitrary combinations of display formats and measured quantities
(see Chapter 5.2, "Meas softtool", on page 344). Nevertheless, to extract useful infor-
mation from the data, it is important to select a display format which is appropriate to
the analysis of a particular measured quantity.

An extended range of formats is available for markers. To convert any point on a trace,
create a marker and select the appropriate marker format (see "Marker Format"
on page 507). Marker and trace formats can be applied independently.

O Background information
S Refer to the following sections:
® Chapter 4.2.3, "Trace formats", on page 140
® Chapter 4.2.3.3, "Measured quantities and trace formats", on page 148
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Phase Format TEEE

Meas Format Scale

Polar

Trace
Config

Line Marker

O Unwr
Phase

O Log
Mag

Dflt Marker Frmt
Default

dB Mag
Selects a Cartesian diagram with a dB scale of the vertical axis to display the magni-
tude of the complex measured quantity.

Properties: The stimulus variable appears on the horizontal axis, scaled linearly. The
magnitude of the complex quantity C, i.e. |C| = sqrt ( Re(C)? + Im(C)? ), appears on the
vertical axis, scaled in dB. The decibel conversion is calculated according to dB
Mag(C) = 20 * log(|C|) dB.

Application: dB Mag is the default format for the complex, dimensionless S-parame-
ters. The dB-scale is the natural scale for measurements related to power ratios (inser-
tion loss, gain etc.).

Tip (alternative formats): The magnitude of each complex quantity can be displayed
on a linear scale. It is possible to view the real and imaginary parts instead of the mag-
nitude and phase. Both the magnitude and phase are displayed in the polar diagram.

Remote command:
CALCulate<Chn>:FORMat MLOGarithmic

Phase
Selects a Cartesian diagram with a linear vertical axis to display the phase of a com-
plex measured quantity in the range between —180 degrees and +180 degrees.

Properties: The stimulus variable appears on the horizontal axis, scaled linearly. The
phase of the complex quantity C, i.e. ¢ (C) = arctan ( Im(C) / Re(C) ), appears on the
vertical axis. ¢ (C) is measured relative to the phase at the start of the sweep (refer-
ence phase = 0°). If ¢ (C) exceeds +180° the curve jumps by —360°; if it falls below —
180°, the trace jumps by +360°. The result is a trace with a typical sawtooth shape.
The alternative "Unwr Phase" format avoids this behavior.

Application: Phase measurements, e.g. phase distortion, deviation from linearity.
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Tip (alternative formats): The magnitude of each complex quantity can be displayed
on a linear scale or on a logarithmic scale. It is possible to view the real and imaginary
parts instead of the magnitude and phase. Both the magnitude and phase are dis-
played in the polar diagram. As an alternative to direct phase measurements, the ana-
lyzer provides the derivative of the phase response for a frequency sweep (Delay).

Remote command:
CALCulate<Chn>:FORMat PHASe

Smith
Selects a Smith chart to display a complex quantity, primarily a reflection S-parameter.

Properties: The Smith chart is a circular diagram obtained by mapping the positive
complex semi-plane into a unit circle. Points with the same resistance are located on
circles, points with the same reactance produce arcs. If the measured quantity is a
complex reflection coefficient S;, then the unit Smith chart represents the normalized

impedance. In contrast to the polar diagram, the scaling of the diagram is not linear.
Application: Reflection measurements; see example in "Smith" on page 143.

Tip: The axis for the sweep variable is lost in Smith charts but the marker functions
easily provide the stimulus value of any measurement point. dB values for the magni-
tude and other conversions can be obtained by the "Marker Format" functions.

Remote command:
CALCulate<Chn>:FORMat SMITh

Polar
Selects a polar diagram to display a complex quantity, primarily an S-parameter or
ratio.

Properties: The polar diagram shows the measured data (response values) in the
complex plane with a horizontal real axis and a vertical imaginary axis. The magnitude
of a complex value is determined by its distance from the center, its phase is given by
the angle from the positive horizontal axis. In contrast to the Smith chart, the scaling of
the axes is linear.

Application: Reflection or transmission measurements, see example in "Polar"
on page 142.

Tip: The axis for the sweep variable is lost in polar diagrams but the marker functions
easily provide the stimulus value of any measurement point. dB values for the magni-
tude and other conversions can be obtained by the "Marker Format" functions.

Remote command:
CALCulate<Chn>:FORMat POLar

SWR
Calculates the standing wave ratio (SWR) from the measured quantity (typically a
reflection S-parameter) and displays it in a Cartesian diagram.

Properties: The SWR (or voltage standing wave ratio, VSWR) is a measure of the
power reflected at the input of the DUT. It is calculated from the magnitude of the
reflection coefficients S; (where i denotes the port number of the DUT) according to:
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The superposition of incident and reflected wave on the transmission line connecting
the analyzer and the DUT causes an interference pattern with variable envelope volt-
age. The SWR is the ratio of the maximum voltage to the minimum envelope voltage
along the line.

Interpretation of the SWR

The superposition of the incident wave | and the reflected wave R on the transmission
line connecting the analyzer and the DUT causes an interference pattern with variable
envelope voltage. The SWR is the ratio of the maximum voltage to the minimum enve-
lope voltage along the line:

SWR = Vyax/Viin = (IVIl + IVRI) 7 (IVIl = [VRI) = (1 + [Sil) / (1 = [Sil)

Application: Reflection measurements with conversion of the complex S-parameter to
a real SWR.

Remote command:
CALCulate<Chn>:FORMat SWR

Unwr Phase
Selects a Cartesian diagram with an arbitrarily scaled linear vertical axis to display the
phase of the measured quantity.

Properties: The stimulus variable appears on the horizontal axis, scaled linearly. The
phase of the complex quantity C, i.e. ¢ (C) = arctan ( Im(C) / Re(C) ), appears on the
vertical axis. @ (C) is measured relative to the phase at the start of the sweep (refer-
ence phase = 0°). In contrast to the normal Phase format, the display range is not limi-
ted to values between —180° and +180°. This format avoids artificial jumps of the trace
but can entail a relatively wide phase range if the sweep span is large.

Application: Phase measurements, e.g. phase distortion, deviation from linearity.

Tip: After changing to the "Unwr Phase" format, use the "Auto Scale Trace" function to
rescale the vertical axis and view the entire trace (see "Auto Scale Trace"

on page 433).

Remote command:

CALCulate<Chn>:FORMat UPHase

Lin Mag
Selects a Cartesian diagram with a linear vertical axis scale to display the magnitude of
the measured quantity.

Properties: The stimulus variable appears on the horizontal axis, scaled linearly. The
magnitude of the complex quantity C, i.e. |C| = sqrt ( Re(C)? + Im(C)? ), appears on the
vertical axis, also scaled linearly.

Application: Real measurement data (i.e. the stability factors and the DC voltages)
are always displayed in a Lin Mag diagram.

Tip (alternative formats): The magnitude of each complex quantity can be displayed
on a logarithmic scale. It is possible to view the real and imaginary parts instead of the
magnitude and phase.
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Remote command:
CALCulate<Chn>:FORMat MLINear

Log Mag
Selects a Cartesian diagram with a logarithmic (base 10) vertical axis scale to display
the magnitude of the measured quantity.

Properties: The stimulus variable appears on the horizontal axis, scaled linearly. The
magnitude of the complex quantity C, i.e. |C| = sqrt ( Re(C)? + Im(C)? ), appears on the
vertical axis, scaled logarithmically.

Application: Impedance measurements

Remote command:
CALCulate<Chn>:FORMat LOGarithmic

Real
Selects a Cartesian diagram to display the real part of a complex measured quantity.

Properties: The stimulus variable appears on the horizontal axis, scaled linearly. The
real part Re(C) of the complex quantity C = Re(C) + j Im(C), appears on the vertical
axis, also scaled linearly.

Application: The real part of an impedance corresponds to its resistive portion.

Tip (alternative formats): It is possible to view the magnitude and phase of a complex
quantity instead of the real and imaginary part. The magnitude can be displayed on a
linear scale or on a logarithmic scale. Both the real and imaginary parts are displayed
in the polar diagram.

Remote command:
CALCulate<Chn>:FORMat REAL

Imag
Selects a Cartesian diagram to display the imaginary part of a complex measured
quantity.

Properties: The stimulus variable appears on the horizontal axis, scaled linearly. The
imaginary part Im(C) of the complex quantity C = Re(C) + j Im(C), appears on the verti-
cal axis, also scaled linearly.

Application: The imaginary part of an impedance corresponds to its reactive portion.
Positive (negative) values represent inductive (capacitive) reactance.

Tip (alternative formats): It is possible to view the magnitude and phase of a complex
quantity instead of the real and imaginary part. The magnitude can be displayed on a
linear scale or on a logarithmic scale. Both the real and imaginary parts are displayed
in the polar diagram.

Remote command:
CALCulate<Chn>:FORMat IMAGinary

Inv Smith

Selects an inverted Smith chart to display a complex quantity, primarily a reflection S-
parameter.
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Properties: The inverted Smith chart is a circular diagram obtained by mapping the
positive complex semi-plane into a unit circle. If the measured quantity is a complex
reflection coefficient S;, then the unit inverted Smith chart represents the normalized
admittance. In contrast to the polar diagram, the scaling of the diagram is not linear.

Application: Reflection measurements, see example in "Inv Smith" on page 146.

Tip: The axis for the sweep variable is lost in Smith charts but the marker functions
easily provide the stimulus value of any measurement point. dB values for the magni-
tude and other conversions can be obtained by the "Marker Format" functions.

Remote command:
CALCulate<Chn>:FORMat ISMith

Delay

Calculates the (group) delay from the measured quantity (typically a transmission S-
parameter) and displays it in a Cartesian diagram.

Properties: The group delay 14 represents the propagation time of wave through a
device. T4 is a real quantity and is calculated as the negative of the derivative of its
phase response. A non-dispersive DUT shows a linear phase response, which produ-
ces a constant delay (a constant ratio of phase difference to frequency difference).
For more information, refer to Chapter 4.3.8, "Group delay", on page 167.

Application: Transmission measurements, especially with the purpose of investigating
deviations from linear phase response and phase distortions. To obtain the delay, a fre-
quency sweep must be active.

Tip: The cables between the analyzer test ports and the DUT introduce an unwanted
delay, which often can be assumed to be constant. Use the Zero Delay at Marker func-
tion, define a numeric length "Offset" or use the "Auto Length" function to compensate
for this effect in the measurement results. To compensate for a frequency-dependent
delay in the test setup, a system error correction is required.

Note: The delay for reflection factors corresponds to the transmission time in forward
and reverse direction; see "Length and delay measurement, related settings"
on page 230.

Remote command:
CALCulate<Chn>:FORMat GDELay

Aperture Points
Defines an aperture Af for the (group) "Delay" calculation. The value is entered as
number of sweep steps (= number of sweep points - 1).

For background information, see Chapter 4.3.8, "Group delay", on page 167.

Properties: The delay at each sweep point is computed as:

_ A¢deg
Tg,meas - 3600 . Af
where the aperture Af is a finite frequency interval around the sweep point f; and the

analyzer measures the corresponding phase change A®, which is calculated via a lin-
ear regression algorithm over the frequency points of the aperture.
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Application: The aperture must be adjusted to the conditions of the measurement. A
small aperture increases the noise in the group delay; a large aperture tends to mini-
mize the effects of noise and phase uncertainty, but at the expense of frequency reso-
lution. Phase distortions (i.e. deviations from linear phase) which are narrower in fre-
quency than the aperture tend to be smeared over and cannot be measured.

Remote command:
CALCulate<Chn>:GDAPerture:SCOunt

Dflt Marker Frmt
Defines the default marker format of the active trace. "Default" means formatted
according to the selected trace format.

New markers are formatted with the trace's "Dflt Marker Frmt" ; existing markers are
reformatted if (and only if) their Marker Format is set to (Trace) "Default".

For background information on marker formats, see "Marker format" on page 130.

Remote command:
CALCulate<Chn>:MARKer:DEFault:FORMat

5.4 Scale softtool

The "Scale" softtool allows you to define how the active trace is displayed in its current
format.

Access: Trace — [Scale] key

5.4.1 Scale Values tab

Provides the functions for diagram scaling.
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Auto Scale Scale Trace
Trace Values

Meas Format Scale
Auto Scale

Diagram

Trace
Config

Line Marker

Auto Scale Diag.
{Common Scale)

Scale/Div
10 dB

Ref Value
0dB

Ref Pos
9

Max
10dB
Min
S0 dB

l:‘ Continuous
Auto Scale Trace

The "Scale Values" settings are closely related to the "Format" and "Display" settings.

The "Scale Values" settings depend on the current trace format (diagram type)

because not all diagrams can be scaled in the same way:

® |n Cartesian diagrams, all scale settings are available.

® |n circular diagrams, no "Scale/Div", no "Ref Pos", and no "Max" and "Min" values
can be defined.

The default scale is activated automatically when a display format (diagram type) is
selected. Scale settings that are not compatible with the current display format are
unavailable (grayed out).

Relations between the scaling parameters

The scaling parameters "Scale/Div""Ref Value", "Ref Pos", "Max", and "Min" are cou-
pled together in the following manner:

® "Max" —"Min" = "Scale/Div" - <Number of graticule divisions>

e "Max" = "Ref Value" when "Ref Value" is 10

® "Min" = "Ref Value" when "Ref Value" is 0
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O Alternatives to Scaling

There are several alternatives to manual trace/diagram scaling. Refer to the following
sections:
