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Safety Instructions
Instrucciones de seguridad
Sicherheitshinweise
Consignes de sécurité

A WARNING

Risk of injury and instrument damage

The instrument must be used in an appropriate manner to prevent
personal injury or instrument damage.

Do not open the instrument casing.

Read and observe the "Basic Safety Instructions” delivered as
printed brochure with the instrument.

Read and observe the safety instructions in the following sections.
Note that the data sheet may specify additional operating conditions.

Keep the "Basic Safety Instructions"” and the product documentation
in a safe place and pass them on to the subsequent users.

A ADVERTENCIA

Riesgo de lesiones y dafios en el instrumento

El instrumento se debe usar de manera adecuada para prevenir
descargas eléctricas, incendios, lesiones o dafios materiales.

1171.1307.42 - 05

No abrir la carcasa del instrumento.

Lea y cumpla las "Instrucciones de seguridad elementales”
suministradas con el instrumento como folleto impreso.

Lea y cumpla las instrucciones de seguridad incluidas en las
siguientes secciones. Se debe tener en cuenta que las
especificaciones técnicas pueden contener condiciones adicionales
para su uso.

Guarde bien las instrucciones de seguridad elementales, asi como
la documentacion del producto, y entréguelas a usuarios
posteriores.



A WARNUNG

Gefahr von Verletzungen und Schaden am Geréat

Betreiben Sie das Gerat immer ordnungsgemaf3, um elektrischen
Schlag, Brand, Verletzungen von Personen oder Gerateschaden zu
verhindern.

Offnen Sie das Gerategehause nicht.

Lesen und beachten Sie die "Grundlegenden Sicherheitshinweise",
die als gedruckte Broschire dem Geréat beiliegen.

Lesen und beachten Sie die Sicherheitshinweise in den folgenden
Abschnitten; moglicherweise enthalt das Datenblatt weitere
Hinweise zu speziellen Betriebsbedingungen.

Bewahren Sie die "Grundlegenden Sicherheitshinweise" und die
Produktdokumentation gut auf und geben Sie diese an weitere
Benutzer des Produkts weiter.

A AVERTISSEMENT

Risque de blessures et d'endommagement de |'appareil

L'appareil doit étre utilisé conformément aux prescriptions afin d'éviter
les électrocutions, incendies, dommages corporels et matériels.
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N'ouvrez pas le boitier de I'appareil.

Lisez et respectez les "consignes de sécurité fondamentales”
fournies avec I'appareil sous forme de brochure imprimée.

Lisez et respectez les instructions de sécurité dans les sections
suivantes. Il ne faut pas oublier que la fiche technique peut indiquer
des conditions d’exploitation supplémentaires.

Gardez les consignes de sécurité fondamentales et la
documentation produit dans un lieu sir et transmettez ces
documents aux autres utilisateurs.



Customer Support

Technical support — where and when you need it

For quick, expert help with any Rohde & Schwarz equipment, contact one of our Customer
Support Centers. A team of highly qualified engineers provides telephone support and will
work with you to find a solution to your query on any aspect of the operation, programming
or applications of Rohde & Schwarz equipment.

Up-to-date information and upgrades

To keep your instrument up-to-date and to be informed about new application notes related
to your instrument, please send an e-mail to the Customer Support Center stating your

instrument and your wish.

We will take care that you will get the right information.

Europe, Africa, Middle East Phone +49 89 4129 12345

North America

Latin America

Asia/Pacific

China

1171.0500.22-07.00

customersupport@rohde-schwarz.com

Phone 1-888-TEST-RSA (1-888-837-8772)
customer.support@rsa.rohde-schwarz.com

Phone +1-410-910-7988
customersupport.la@rohde-schwarz.com

Phone +6565 1304 88
customersupport.asia@rohde-schwarz.com

Phone +86-800-810-8228 /
+86-400-650-5896
customersupport.china@rohde-schwarz.com
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Documentation Overview

1 Preface

This chapter provides safety-related information, an overview of the user documenta-
tion and the conventions used in the documentation.

1.1 For Your Safety

The R&S FSW is designated for use in industrial, administrative, and laboratory envi-
ronments. Use the R&S FSW only for its designated purpose. Observe the safety and
usage instructions documented in the user manual, as well as operating conditions and
performance limits stated in the data sheet.

The product documentation helps you use the R&S FSW safely and efficiently. Keep
the product documentation in a safe place and pass it on to subsequent users.

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

® In the "Basic Safety Instructions"”, safety issues are grouped according to subjects.
For example, one subject is electrical safety. The "Basic Safety Instructions" are
delivered with the R&S FSW in different languages in print.

® Throughout the documentation, safety instructions are provided when you need to
take care during setup or operation. Always read the safety instructions carefully.
Make sure to comply fully with them. Do not take risks and do not underestimate
the potential danger of small details such as a damaged power cable.

1.2 Documentation Overview

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

www.rohde-schwarz.com/manual/FSW

1.2.1 Getting Started Manual

Introduces the R&S FSW 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.


http://www.rohde-schwarz.com/manual/FSW
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1.2.2 User Manuals and Help

Separate user manuals are provided for the base unit and the firmware applications:

® Base unit 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 com-
mands with programming examples, and information on maintenance, instrument
interfaces and error messages. Includes the contents of the getting started manual.

® Firmware application manual
Contains the description of the specific functions of a firmware application, includ-
ing remote control commands. Basic information on operating the R&S FSW is not
included.

The contents of the user manuals are available as help in the R&S FSW. The help
offers quick, context-sensitive access to the complete information for the base unit and
the firmware applications.

All user manuals are also available for download or for immediate display on the Inter-
net.

1.2.3 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

1.2.4 Instrument Security Procedures

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

1.2.5 Basic Safety Instructions

Contains safety instructions, operating conditions and further important information.
The printed document is delivered with the instrument.

1.2.6 Data Sheets and Brochures
The data sheet contains the technical specifications of the R&S FSW. 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.
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See www.rohde-schwarz.com/brochure-datasheet/FSW

1.2.7 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 open source acknowledgment document provides verbatim license texts of the
used open source software.

See www.rohde-schwarz.com/firmware/FSW

1.2.8 Application Notes, Application Cards, White Papers, etc.

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

See www.rohde-schwarz.com/application/FSW

1.3 About this Manual

This User Manual describes general instrument functions and settings common to all
applications and operating modes in the R&S FSW. Furthermore, it provides all the
information specific to RF measurements in the Spectrum application. All other
operating modes and applications are described in the specific application manuals.

The main focus in this manual is on the measurement results and the tasks required to
obtain them. The following topics are included:

e Welcome to the R&S FSW
Introduction to and getting familiar with the instrument

® Operating Modes and Applications
The concept of using multiple operating modes

® Measurements
Descriptions of the individual measurements in the Spectrum application, including
result types and configuration settings.

® Common Measurement Settings
Description of the measurement settings common to all measurement types with
their corresponding remote control commands

e Common Measurement Analysis and Display Functions
Description of the settings and functions provided to analyze results independently
of the measurement type with their corresponding remote control commands

® Data Management
Description of general functions to handle data files (configuration and result data,
not I/Q data)

® General Instrument Setup
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Description of general instrument settings and functions that are independent of
the current operating mode

® Network and Remote Operation
Information on setting up the instrument in a network and operating it remotely.

® Remote Commands
Remote commands required to configure and perform measurements in a remote
environment, sorted by tasks
Remote commands required to set up the environment and to perform common
tasks on the instrument, sorted by tasks
Programming examples demonstrate the use of many commands and can usually
be executed directly for test purposes

® Maintenance
Information on tasks required to maintain operability of the instrument

® Troubleshooting
Hints and tips on how to handle errors

e List of Commands
Alphabetical list of all remote commands described in the manual

® Index

1.4 Conventions Used in the Documentation

1.4.1 Typographical Conventions

The following text markers are used throughout this documentation:

Convention Description
"Graphical user interface ele- All names of graphical user interface elements on the screen, such as
ments" dialog boxes, menus, options, buttons, and softkeys are enclosed by

quotation marks.

[Keys] Key and knob names are enclosed by square brackets.

Filenames, commands, Filenames, commands, coding samples and screen output are distin-

program code guished by their font.

Input Input to be entered by the user is displayed in italics.

Links Links that you can click are displayed in blue font.

"References" References to other parts of the documentation are enclosed by quota-
tion marks.

1.4.2 Conventions for Procedure Descriptions

When operating the instrument, several alternative methods may be available to per-
form the same task. In this case, the procedure using the touchscreen is described.



Conventions Used in the Documentation

Any elements that can be activated by touching can also be clicked using an addition-
ally connected mouse. The alternative procedure using the keys on the instrument or
the on-screen keyboard is only described if it deviates from the standard operating pro-
cedures.

The term "select" may refer to any of the described methods, i.e. using a finger on the
touchscreen, a mouse pointer in the display, or a key on the instrument or on a key-
board.

1.4.3 Notes on Screenshots

When describing the functions of the product, we use sample screenshots. These
screenshots are meant to illustrate as many as possible of the provided functions and
possible interdependencies between parameters. The shown values may not represent
realistic usage scenarios.

The screenshots usually show a fully equipped product, that is: with all options instal-
led. Thus, some functions shown in the screenshots may not be available in your par-
ticular product configuration.
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Service Manual

Documentation Overview

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

www.rohde-schwarz.com/manual/FSW

Getting Started Manual

Introduces the R&S FSW 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.

User Manuals and Help

Separate user manuals are provided for the base unit and the firmware applications:

® Base unit 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 com-
mands with programming examples, and information on maintenance, instrument
interfaces and error messages. Includes the contents of the getting started manual.

® Firmware application manual
Contains the description of the specific functions of a firmware application, includ-
ing remote control commands. Basic information on operating the R&S FSW is not
included.

The contents of the user manuals are available as help in the R&S FSW. The help
offers quick, context-sensitive access to the complete information for the base unit and
the firmware applications.

All user manuals are also available for download or for immediate display on the Inter-
net.

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):


http://www.rohde-schwarz.com/manual/FSW
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Application Notes, Application Cards, White Papers, etc.

https://gloris.rohde-schwarz.com

Instrument Security Procedures

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

Basic Safety Instructions

Contains safety instructions, operating conditions and further important information.
The printed document is delivered with the instrument.

Data Sheets and Brochures

The data sheet contains the technical specifications of the R&S FSW. 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 www.rohde-schwarz.com/brochure-datasheet/FSW

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 open source acknowledgment document provides verbatim license texts of the
used open source software.

See www.rohde-schwarz.com/firmware/FSW

Application Notes, Application Cards, White Papers,
etc.

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

See www.rohde-schwarz.com/application/FSW
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3 Welcome to the R&S FSW

The R&S FSW is a new high-performance Rohde & Schwarz signal and spectrum ana-
lyzer developed to meet demanding customer requirements. Offering low phase noise,
wide analysis bandwidth and straightforward and intuitive operation, the analyzer
makes measurements fast and easy.

This user manual contains a description of the functionality that the instrument pro-
vides, including remote control operation. The latest version is available for download
at the product homepage (http://www.rohde-schwarz.com/product/FSW.html).


http://www2.rohde-schwarz.com/product/FSW.html
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Preparing for Use

Getting Started

Note: the following chapters are identical to those in the printed R&S FSW Getting
Started manual.
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INSTIUMENT TOUT.....eiiiiieieee e e e e e e e e 46
Trying Out the INSrUMENT.......cooii e 64
Operating the INStruUMENt.........cooii e 82

Preparing for Use

Putting iNt0 OPeration............eeiiiiiiiiie e 25
Windows Operating SYStEM.....ccooiiiiiiiii e 31
ConNecting USB DEVICES. ......cuiiiiiiiiiie ettt 35
Connecting an External MONIOr...........uviiiiiiiiieee e e e 37
Setting Up a Network (LAN) CONNECHION.........ccccuuiiiiiiiiiee e e e 38
Configuring the Initial Instrument Settings.........cccceiiiiiiiiici e, 43
Protecting Data Using the Secure User Mode.........ccccoccveeeeiiiiiiie i 44

Putting into Operation

This section describes the basic steps to be taken when setting up the R&S FSW for
the first time.

Risk of injury due to disregarding safety information

Observe the information on appropriate operating conditions provided in the data sheet
to prevent personal injury or damage to the instrument. Read and observe the basic
safety instructions provided with the instrument, in addition to the safety instructions in
the following sections. In particular:

Do not open the instrument casing.

Risk of instrument damage due to inappropriate operating conditions

Specific operating conditions are required to ensure accurate measurements and to
avoid damage to the instrument. Observe the information on appropriate operating
conditions provided in the basic safety instructions and the instrument's data sheet.
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Instrument damage caused by electrostatic discharge

Electrostatic discharge (ESD) can damage the electronic components of the instrument
and the device under test (DUT). Electrostatic discharge is most likely to occur when
you connect or disconnect a DUT or test fixture to the instrument's test ports. To pre-
vent electrostatic discharge, use a wrist strap and cord and connect yourself to the
ground, or use a conductive floor mat and heel strap combination.

Risk of instrument damage due to inappropriate operating conditions

An unsuitable operating site or test setup can damage the instrument and connected
devices. Before switching on the instrument, observe the information on appropriate
operating conditions provided in the data sheet. In particular, ensure the following:

e All fan openings are unobstructed and the airflow perforations are unimpeded. A
minimum distance of 10 cm to other objects is recommended.

® The instrument is dry and shows no sign of condensation.

® The instrument is positioned as described in the following sections.

® The ambient temperature does not exceed the range specified in the data sheet.
® Signal levels at the input connectors are all within the specified ranges.

® Signal outputs are connected correctly and are not overloaded.

EMI impact on measurement results
Electromagnetic interference (EMI) may affect the measurement results.

To suppress generated electromagnetic interference (EMI):

® Use suitable shielded cables of high quality. For example, use double-shielded RF
and LAN cables.

® Always terminate open cable ends.
® Note the EMC classification in the data sheet.

e Unpacking and Checking the Instrument...........cccccveeeieiiicciieeee e, 26
®  ACCESSONY LISt .iiiiiiiiiiiiiiicccciie e e e e e e e e e e e e e ae e e e eaaaara—a 27
e Placing or Mounting the Instrument...........c.oooi e 27
o  Connecting the AC POWET...... ...t e e e e 29
e Switching the Instrument On and Off........coooiiiiiii e, 29
e Performing a Self-Alignment and a Self-test.........coiiiii 30
e Checking the Supplied OPtioNS........ueiiiiiieeii e e e e e e eanenes 31

4.1.1.1 Unpacking and Checking the Instrument

Check the equipment for completeness using the delivery note and the accessory lists
for the various items. Check the instrument for any damage. If there is damage, imme-
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diately contact the carrier who delivered the instrument. Make sure not to discard the
box and packing material.

Packing material
Retain the original packing material. If the instrument needs to be transported or ship-
ped later, you can use the material to protect the control elements and connectors.

Risk of injury during transportation

The carrying handles at the front and side of the casing are designed to lift or carry the
instrument. Do not apply excessive force to the handles. If a handle is ripped off, the
falling instrument can cause injury.

Be aware of the weight of the instrument when lifting it. Observe the information on
transporting heavy instruments in the basic safety instructions provided with the instru-
ment.

41.1.2 Accessory List

The instrument comes with the following accessories:

® Power cable
® Printed Getting Started manual

41.1.3 Placing or Mounting the Instrument

The R&S FSW is designed for use under laboratory conditions, either on a bench top
orin a rack.

Bench Top Operation

If the R&S FSW is operated on a bench top, the surface should be flat. The instrument
can be used in horizontal position, standing on its feet, or with the support feet on the
bottom extended.



Preparing for Use

Risk of injury if feet are folded out

The feet can fold in if they are not folded out completely or if the instrument is shifted.
Collapsing feet can cause injury or damage the instrument.

® Fold the feet completely in or out to ensure stability of the instrument. Never shift
the instrument when the feet are folded out.

® When the feet are folded out, do not work under the instrument or place anything
underneath.

® The feet can break if they are overloaded. The overall load on the folded-out feet
must not exceed 500 N.

R Frmax

Risk of injury when stacking instruments

A stack of instruments can tilt over and cause injury if not stacked correctly. Further-
more, the instruments at the bottom of the stack can be damaged due to the load
imposed by the instruments on top.

Observe the following instructions when stacking instruments:

® Never stack more than three instruments. If you need to stack more than three
instruments, install them in a rack.

® The overall load imposed on the lowest instrument must not exceed 500 N.

® ltis best if all instruments have the same dimensions (width and length).
If you need to stack smaller instruments on the top, the overall load imposed on the
lowest instrument must not exceed 250 N.

® |f the instruments have foldable feet, fold them in completely.
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Rackmounting

The R&S FSW can be installed in a rack using a rack adapter kit (order no. see data
sheet). The installation instructions are part of the adapter kit.

Risk of instrument damage due to insufficient airflow in a rack

If you mount several instruments in a rack, you need an efficient ventilation concept to
ensure that the instruments do not overheat. Insufficient airflow for a longer period can
disturb the operation and even cause damage.

4114

41.1.5

Connecting the AC Power

In the standard version, the R&S FSW is equipped with an AC power supply connector.
The R&S FSW can be used with different AC power voltages and adapts itself auto-
matically to it. Refer to the datasheet for the requirements of voltage and frequency.
The AC power connector is located on the rear panel of the instrument.

For details on the connector, refer to Chapter 4.2.2.2, "AC Power Supply Connection
and Main Power Switch", on page 58.

» Connect the R&S FSW to the AC power supply using the supplied power cable.
Since the instrument is assembled in line with the specifications for safety class
EN61010, it must only be connected to an outlet that has a ground contact.

Switching the Instrument On and Off

Switching on the instrument

> Press the AC power switch on the rear panel to position "I".

The instrument is supplied with AC power. After booting, the instrument is ready for
operation. A green LED above the [POWER] key indicates this.
An orange LED indicates the instrument is in standby mode

Warm-up time for OCXO

When the instrument is switched on, the OCXO requires an extended warm-up time
(see data sheet).

Switching off the instrument

1. Press the [POWER] key on the front panel.
The R&S FSW switches to standby mode.
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2. Set the AC power switch on the rear panel to position "O", or disconnect the instru-
ment from the AC power supply.

The R&S FSW changes into off mode.

Risk of losing data

If you switch off the running instrument using the rear panel switch or by disconnecting
the power cord, the instrument loses its current settings. Furthermore, program data
can be lost.

Press the Power key first to shut down the application properly.

41.1.6

Performing a Self-Alignment and a Self-test

During instrument start, the installed hardware is checked against the current firmware
version to ensure the hardware is supported. If not, an error message is displayed
("WRONG_FW") and you are asked to update the firmware. Until the firmware version
is updated, self-alignment fails.

(For details refer to the R&S FSW User Manual).

When strong temperature changes occur, you may have to perform a self-alignment to
align the data to a reference source.

Operating temperature

Before performing this functional test, make sure that the instrument has reached its
operating temperature (for details, refer to the data sheet).

A message in the status bar ("Instrument warming up...") indicates that the operating
temperature has not yet been reached.

Performing a self-alignment

1. Press the [SETUP] key.

2. Press the "Alignment" softkey.

3. Select the "Start Self-Alignment" button in the "Alignment" dialog box.

Once the system correction values have been calculated successfully, a message
is displayed.

To display the alignment results again later
® Press the [SETUP] key.
® Press the "Alignment" softkey.




Preparing for Use

Performing a self-test

You do not have to repeat the self-test every time the instrument is switched on. It is
only necessary when instrument malfunction is suspected.

1. Press the [SETUP] key.

2. Press the "Service" softkey.

3. Switch to the "Selftest" tab in the "Service" dialog box.
4. Select the "Start Selftest" button.

Once the instrument modules have been checked successfully, a message is dis-
played.

4.1.1.7 Checking the Supplied Options

The instrument may be equipped with both hardware and firmware options. To check
whether the installed options correspond to the options indicated on the delivery note,
proceed as follows.

1. Press the [SETUP] key.

2. Press the "System Config" softkey.

3. Switch to the "Versions + Options" tab in the "System Configuration" dialog box.
A list with hardware and firmware information is displayed.

4. Check the availability of the hardware options as indicated in the delivery note.

4.1.2 Windows Operating System

The instrument contains the Windows 10 operating system which has been configured
according to the instrument's features and needs. Changes in the system setup are
only required when peripherals like keyboard or a printer are installed or if the network
configuration does not comply with the default settings. After the R&S FSW is started,
the operating system boots and the instrument firmware is started automatically.

To ensure that the instrument software functions properly, certain rules must be
adhered to concerning the operating system.
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Risk of rendering instrument unusable

The instrument is equipped with the Windows 10 operating system. You can install
additional software on the instrument, however, additional software can impair instru-
ment function. Thus, run only programs that Rohde & Schwarz has tested for compati-
bility with the instrument software.

The drivers and programs used on the instrument under Windows 10 are adapted to
the instrument. Only install update software released by Rohde & Schwarz to modify
existing instrument software.

The following program packages have been tested:

® R&S Power Viewer Plus - virtual power meter for displaying results of the power
sensor R&S NRP-Zxx (install only this component!)

® Symantec Endpoint Security — virus-protection software
® FileShredder - for reliable deletion of files on the hard disk

4.1.2.1 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

4.1.2.2 Service Packs and Updates

Microsoft regularly creates security updates and other patches to protect Windows-
based operating systems. These are released through the Microsoft Update website
and associated update server. Instruments using Windows, especially those that con-
nect to a network, should be updated regularly.

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

41.2.3 Login

Windows 10 requires that users identify themselves by entering a user name and pass-
word in a login window. By default, the R&S FSW provides two user accounts:

® "Instrument”: an administrator account with unrestricted access to the computer/
domain
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® "NormalUser": a standard user account with limited access

Some administrative tasks require administrator rights (e.g. the configuration of a LAN
network). Refer to the description of the basic instrument setup ([SETUP] menu) to find
out which functions are affected.

Secure user mode

If the secure user mode option (R&S FSW-K33) is installed, an additional account is
provided: the "SecureUser".

The "SecureUser" is a standard user account with limited functionality. In particular,
administrative tasks such as LAN configuration or general instrument settings are not
available. Furthermore, for a "SecureUser", data that the R&S FSW normally stores on
the solid-state drive is redirected to volatile memory instead. You can access data that
is stored in volatile memory during the current instrument session. However, when the
instrument’s power is removed, all data in volatile memory is erased.

For details, see Chapter 4.1.7, "Protecting Data Using the Secure User Mode",
on page 44.

Automatic login

For the administrator account, an automatic login function is active by default. If activa-
ted, login is carried out automatically for the administrator (with full access) in the back-
ground when the R&S FSW is started, without having to enter a password. This func-
tion is active until you explicitly deactivate it or change the password.

For information on how to deactivate or reactivate the automatic login, refer to "Auto-
matic Login Function" on page 33.
Passwords

For all default user accounts, the initial password is 894729. Note that this password is
very weak, and it is recommended that you change the password for both users after
initial login.

You can change the password in Windows 10 for any user at any time via:
"Start > Settings > Account > Signin Options > Password > Change"

When the secure user mode is activated the first time after installation, the user is
prompted to change the passwords for all user accounts to improve system security.

6 Changing the password and use of auto-login function

Note that when you change the default passwords, the default auto-login function no
longer works! Reactivate it manually as described in "Reactivating the automatic login
function" on page 34.

Automatic Login Function

When shipped, the instrument automatically logs on the default "Instrument" user to
Windows 10 using the default password.
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Switching users when using the automatic login function

Which user account is used is defined during login. If automatic login is active, the
login window is not displayed. However, you can also switch the user account to be
used when the automatic login function is active.

1. Select the "Windows" icon in the toolbar to access the operating system of the
R&S FSW (see also Chapter 4.1.2.4, "Accessing the Start Menu", on page 35).

2. Press [CTRL + ALT + DEL], then select "Sign out".

The "Login" dialog box is displayed, in which you can enter the different user
account name and password.

Deactivating the automatic login function

To deactivate the automatic login function, perform the following steps:

1. Select the "Windows" icon in the toolbar to access the operating system of the
R&S FSW (see also Chapter 4.1.2.4, "Accessing the Start Menu", on page 35).

2. Inthe "Start" menu, select "Run".
The "Run" dialog box is displayed.

3. Enter the command C:\R_S\INSTR\USER\NO AUTOLOGIN.REG.

4. Press the [ENTER] key to confirm.
This command deactivates the automatic login function. The next time you switch
on the instrument, the operating system prompts you to enter your user name and
password before it starts the firmware.

Adapting the automatic login function to a new password

If you change the "Instrument" user's password, which is used during automatic login,
this function no longer works. Adapt the settings for the command that activates the
auto login function first.

1. Openthe C:\R S\INSTR\USER\NO AUTOLOGIN.REG file in any text editor (e.g.
Notepad).

2. Intheline "DefaultPassword"="894129", replace the default password
(894129) by the new password for automatic login.

3. Save the changes to the file.

Reactivating the automatic login function

1. Select the "Windows" icon in the toolbar to access the operating system of the
R&S FSW (see also Chapter 4.1.2.4, "Accessing the Start Menu", on page 35).

2. In the "Start" menu, select "Run".
The "Run" dialog box is displayed.

3. Enter the command C:\R_S\INSTR\USER\AUTOLOGIN.REG.

4. Press the [ENTER] key to confirm.
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This command reactivates automatic login function. It is active the next time the
instrument reboots.

41.2.4 Accessing the Start Menu

The Windows "Start" menu provides access to the Windows 10 functionality and instal-
led programs.
To open the "Start" menu:

» Select the "Windows" icon in the toolbar, or press the "Windows" key or the [CTRL
+ ESC] key combination on the (external) keyboard.

All necessary system settings can be defined in the "Start > Settings" menu.

(For required settings refer to the Windows 10 documentation and to the hardware
description).

4.1.2.5 Accessing the Windows Taskbar

The Windows taskbar also provides quick access to commonly used programs, for
example Paint or WordPad. IECWIN, the auxiliary remote control tool provided free of
charge and installed by Rohde & Schwarz, is also available from the taskbar.

For details on the IECWIN tool, see the "Network and Remote Control" chapter of the
R&S FSW user manual.

To open the taskbar, select the "Windows" icon on the R&S FSW toolbar, or press the
"Windows" key or the [CTRL + ESC] key combination on your (external) keyboard.

4.1.3 Connecting USB Devices

The USB interfaces of the R&S FSW allow you to connect USB devices directly to the
instrument. Increase the number of possible connections using USB hubs. Due to the
large number of available USB devices, there is almost no limit to the expansions that
are possible with the R&S FSW.

The following list shows various USB devices that can be useful:

® Memory stick for easy transfer of data to/from a computer (e.g. firmware updates)
® (CD-ROM drives for easy installation of firmware applications

® Keyboard or mouse to simplify the entry of data, comments, filenames, etc.

® Printer for printing measurement results

® Power sensors, e.g. of the NRP Zxy family

Installing USB devices is easy under Windows, because all USB devices are

plug&play. After a device is connected to the USB interface, the operating system auto-
matically searches for a suitable device driver.
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If Windows does not find a suitable driver, it prompts you to specify a directory that
contains the driver software. If the driver software is on a CD, connect a USB CD-ROM
drive to the instrument before proceeding.

When a USB device is then disconnected from the R&S FSW, Windows immediately
detects the change in hardware configuration and deactivates the corresponding driver.

All USB devices can be connected to or disconnected from the instrument during oper-
ation.
Connecting a memory stick or CD-ROM drive

If installation of a memory stick or CD-ROM drive is successful, Windows informs you
that the device is ready to use. The device is made available as a new drive and is dis-
played in Windows Explorer. The name of the drive depends on the manufacturer.

Connecting a keyboard

The keyboard is detected automatically when it is connected. The default input lan-
guage is English — US.

However, you can also connect foreign language keyboards; currently the following
languages are supported for the R&S FSW:

® German
® Swiss

® French
® Russian

To configure the keyboard language

1. To access the Windows operating system, press the Windows key on the external
keyboard.

2. Select "Start > Settings > Time & language > Region & language > Add a lan-
guage" .
Connecting a mouse

The mouse is detected automatically when it is connected.

To configure the mouse properties

1. To access the Windows operating system, press the Windows key on the external
keyboard.

2. Select "Start > Settings > Devices > Mouse & touchpad".

Connecting a printer

When printing a file, the instrument checks whether a printer is connected and turned
on and whether the appropriate printer driver is installed. If necessary, printer driver
installation is initiated. You only have to install a printer driver once.
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To install a printer

1. To access the Windows operating system, press the Windows key on the external
keyboard.

2. Select "Start > Settings > Devices > Add a printer or scanner”.
You can load updated and improved driver versions or new drivers from an installation

disk, USB memory stick or another external storage medium. If the instrument is inte-
grated in a network, you can also install driver data stored in a network directory.

To install the driver

» Select "Start > Settings > Devices > Device Manager > Update Device drivers" .

4.1.4 Connecting an External Monitor

You can connect an external monitor (or projector) to the "DVI" or "display port" con-
nector on the rear panel of the R&S FSW (see also Chapter 4.2.2.3, "DISPLAY PORT
and DVI", on page 59).

Screen resolution and format

The touchscreen of the R&S FSW is calibrated for a 16:10 format. If you connect a
monitor or projector using a different format (e.g. 4:3), the calibration will not be correct
and the screen will not react to your touch actions properly.

The touchscreen has a screen resolution of 1280x800 pixels. Most external monitors
have a higher screen resolution. If the screen resolution of the monitor is set higher
than the instrument's resolution, the application window uses an area of 1280x800 pix-
els on the monitor display. For full screen display, adjust the monitor's screen resolu-
tion.

The R&S FSW supports a minimum resolution of 1280x768 pixels.

1. Connect the external monitor to the R&S FSW.
Press the [SETUP] key.
Press the "Display” softkey.

A w0 DN

Select the "Configure Monitor" tab in the "Display" dialog box.

The standard Windows "Screen Resolution" dialog box is displayed.
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5. If necessary, change the screen resolution to be used. Consider the information in
the note above.

6. Select the instrument to be used for display:

e "Display 1": internal monitor only
e "Display 2": external monitor only
e "Duplicate": both internal and external monitor

7. Tap "Apply" to try out the settings before they are accepted permanently, then you
can easily return to the previous settings, if necessary.

8. Select "OK" if the settings are suitable.

4.1.5 Setting Up a Network (LAN) Connection

A LAN connection is the prerequisite for all network operations. The LAN connection
settings can be configured directly in the Windows operating system.

The R&S FSW is equipped with a network interface and can be connected to an Ether-
net LAN (local area network). Provided the network administrator has assigned you the
appropriate rights and adapted the Windows firewall configuration, you can use the
interface, for example:

® To transfer data between a controlling device and the test device, e.g. torun a
remote control program.
See chapter "Remote Control".

® To access or control the measurement from a remote computer using the "Remote
Desktop" application (or a similar tool)

® To connect external network devices (e.g. printers)
® To transfer data from a remote computer and back, e.g. using network folders

This section describes how to configure the LAN interface. It includes the following top-
ics:
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® Chapter 4.1.5.1, "Connecting the Instrument to the Network", on page 39
® Chapter 4.1.5.2, "Assigning the IP Address", on page 40

Note that only user accounts with administrator rights can configure LAN networks.

LXI
@ The R&S FSW supports the LXI core features. LXI gives you direct access to the LAN
settings described below.

For further information on the LXI interface, refer to Chapter 12.5.4, "LXI| Settings",
on page 785.

4.1.5.1 Connecting the Instrument to the Network

There are two methods to establish a LAN connection to the instrument:

® A non-dedicated network (Ethernet) connection from the instrument to an existing
network made with an ordinary RJ-45 network cable. The instrument is assigned
an IP address and can coexist with a computer and with other hosts on the same
network.

® A dedicated network connection (Point-to-point connection) between the instru-
ment and a single computer made with a (crossover) RJ-45 network cable. The
computer must be equipped with a network adapter and is directly connected to the
instrument. The use of hubs, switches, or gateways is not required, however, data
transfer is still performed using the TCP/IP protocol. You must assign an IP
address to the instrument and the computer, see Chapter 4.1.5.2, "Assigning the IP
Address", on page 40.
Note: As the R&S FSW uses a 1 GBit LAN, a crossover cable is not necessary
(due to Auto-MDI(X) functionality).

Risk of network failure

Consult your network administrator before performing the following tasks:
® Connecting the instrument to the network

® Configuring the network

® Changing IP addresses

® Exchanging hardware

Errors can affect the entire network.

» To establish a non-dedicated network connection, connect a commercial RJ-45
cable to one of the LAN ports.
To establish a dedicated connection, connect a (crossover) RJ-45 cable between
the instrument and a single PC.
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If the instrument is connected to the LAN, Windows automatically detects the network
connection and activates the required drivers.

The network card can be operated with a 1 GBit Ethernet IEEE 802.3u interface.

Assigning the IP Address

Depending on the network capacities, the TCP/IP address information for the instru-
ment can be obtained in different ways.

® |f the network supports dynamic TCP/IP configuration using the Dynamic Host
Configuration Protocol (DHCP), all address information can be assigned automati-
cally.

® |f the network does not support DHCP, or if the instrument is set to use alternate
TCP/IP configuration, the addresses must be set manually.

By default, the instrument is configured to use dynamic TCP/IP configuration and
obtain all address information automatically. This means that it is safe to establish a
physical connection to the LAN without any previous instrument configuration.

Risk of network errors

Connection errors can affect the entire network. If your network does not support
DHCP, or if you choose to disable dynamic TCP/IP configuration, you must assign valid
address information before connecting the instrument to the LAN. Contact your net-
work administrator to obtain a valid IP address.

Assigning the IP address on the instrument
1. Press the [SETUP] key.

2. Press the "Network + Remote" softkey.

3. Select the "Network" tab.

4. In the "Network + Remote" dialog, toggle the "DHCP On/Off" setting to the required
mode.
If DHCP is "Off", you must enter the IP address manually, as described in the fol-
lowing steps.
Note: When DHCP is changed from "On" to "Off", the previously set IP address
and subnet mask are retrieved.
If DHCP is "On", the IP address of the DHCP server is obtained automatically. The
configuration is saved, and you are prompted to restart the instrument. You can
skip the remaining steps.
Note: When a DHCP server is used, a new IP address may be assigned each time
the instrument is restarted. This address must first be determined on the instrument
itself. Thus, when using a DHCP server, it is recommended that you use the per-
manent computer name, which determines the address via the DNS server
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(See "Using a DNS server to determine the IP address" on page 41 and Chap-
ter 4.1.5.3, "Using Computer Names", on page 42).

Enter the "IP Address", for example 792.0.2.0. The IP address consists of four
number blocks separated by dots. Every block contains a maximum of 3 numbers.

Enter the "Subnet Mask", for example 255.255.255.0. The subnet mask consists of
four number blocks separated by dots. Every block contains a maximum of 3 num-
bers.

Select "Configure Network".

If you have entered an invalid IP address or subnet mask, the message "out of
range" is displayed in the status line. If the settings are correct, the configuration is
saved, and you are prompted to restart the instrument.

8. Confirm the displayed message ("Yes" button) to restart the instrument.

Using a DNS server to determine the IP address

If a DNS server is configured on the R&S FSW, the server can determine the current IP
address for the connection using the permanent computer name.

1.

4.

Obtain the name of your DNS domain and the IP addresses of the DNS and WINS
servers on your network.

Press the "Windows" key on the external keyboard or the [CTRL + ESC] key com-
bination on your keyboard to access the operating system.

Select "Start > Settings > Network & Internet > Ethernet > Network and Sharing
Center > Connections: Ethernet".

¥ Network and Sharing Center - O *

™ "‘; « Metwork and Internet » MNetwork and Sharing Center v O Search Control Panel el

View your basic network information and set up connections
Control Panel Home

View your active networks
Change adapter settings

Change advanced sharing rsint.net Access type: Intermet
settings Domain network Connections: @ Ethernet

Change your networking settings

4 Setup a new connection or network

 Set up a broadband, dial-up, or VPN connection; or set up a router or access point,

Troubleshoot problems

Diagnose and repair network problems, or get troubleshooting information.

See also
HomeGroup
Internet Options

Windows Firewall

In the "Ethernet Status" dialog box, select the "Properties" button.

The items used by the LAN connection are displayed.
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5. Tap the entry named "Internet Protocol Version 4 (TCP/IPv4)" to highlight it.
6. Select the "Properties" button.

7. On the "General" tab, select "Use the following DNS server addresses" and enter
your own DNS addresses.

For more information, refer to the Windows operating system help.

41.5.3 Using Computer Names

In a LAN that uses a DNS server (Domain Name System server), each PC or instru-
ment connected in the LAN can be accessed via an unambiguous computer name
instead of the IP address. The DNS server translates the host name to the IP address.
This is especially useful when a DHCP server is used, as a new IP address may be
assigned each time the instrument is restarted.

Each instrument is delivered with an assigned computer name, but this name can be
changed.

The default instrument name is a non-case-sensitive string with the following syntax:
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<Type><variant>-<serial_number>

The serial number can be found on the rear panel of the instrument. It is the third part
of the device ID printed on the bar code sticker:

&> 1D: 1419.0035K02 - 102030 Zd | seriat number

For example, FSW13-123456

To change the computer name

1. Press the [Setup] key and then the "Network + Remote" softkey.
The current "Computer Name" is displayed in the "Network" tab.

2. Enter the new computer name.

3. Close the dialog box.

4.1.5.4 Changing the Windows Firewall Settings

A firewall protects an instrument by preventing unauthorized users from gaining access
to it through a network. Rohde & Schwarz highly recommends the use of the firewall on
your instrument. Rohde & Schwarz instruments are shipped with the Windows firewall
enabled and preconfigured in such a way that all ports and connections for remote
control are enabled.

For more details on firewall configuration, see the following Rohde & Schwarz White
Paper:

® 1EF96: Malware Protection Windows 10

Note that changing firewall settings requires administrator rights.

4.1.6 Configuring the Initial Instrument Settings

This section describes how to setup the R&S FSW initially. For further basic instrument
settings, see the R&S FSW User Manual.

o Setting the Date and TimMe..........oeiiiiiiiiiiiiie e 43
4.1.6.1 Setting the Date and Time

Users with administrator rights can set the date and time for the internal real time clock
as follows:

Opening the Date and Time Properties dialog box
1. Press the [SETUP] key.
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2. Press the "Display" softkey.
3. Select the "General" tab in the "Display" dialog box.

4. Press the "Set Date and Time" button to open the standard Windows "Date and
Time Properties" dialog box.

5. If necessary, toggle the "Date and Time Format" between German (DE) and US.

After you have changed the setting and closed the dialog box, the instrument
adopts the new date and time.

Protecting Data Using the Secure User Mode

During normal operation, the R&S FSW uses a solid-state drive to store its operating
system, instrument firmware, instrument self-alignment data, and any user data cre-
ated during operation. If necessary, the solid-state drive can be removed from the

R&S FSW and locked in a secure place to protect any classified data it may contain.

Redirecting storage to volatile memory

Alternatively, to avoid storing any sensitive data on the R&S FSW permanently, the
secure user mode was introduced (option R&S FSW-K33). In secure user mode the
instrument’s solid-state drive is write-protected so that no information can be written to
memory permanently. Data that the R&S FSW normally stores on the solid-state drive
is redirected to volatile memory instead, which remains available only until the instru-
ment is switched off. This data includes:

® \Windows operating system files

® Firmware shutdown files containing information on last instrument state
® Self-alignment data

® General instrument settings such as the IP address

® Measurement settings

® User data created during operation
(see also Table 10-1)

® Any data created by other applications installed on the R&S FSW, for example text
editors (Notepad), the Clipboard, drawing tools, etc.

Users can access data that is stored in volatile memory just as in normal operation.
However, when the instrument’'s power is switched off, all data in this memory is
cleared. Thus, in secure user mode, the instrument always starts in a defined, fixed
state when switched on.

To store data such as measurement results permanently, it must be stored to an exter-
nal storage device, such as a memory stick.

Limited storage space

The volatile memory used to store data in secure user mode is restricted to 256 MB.
Thus, a "Memory full" error can occur although the hard disk indicates that storage
space is still available.
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Storing required data permanently

Any data that is to be available for subsequent sessions with the R&S FSW must be
stored on the instrument permanently, before activating the secure user mode. This
includes predefined instrument settings, transducer factors and self-alignment data.

Self-alignment data

Note that self-alignment data becomes invalid with time and due to temperature
changes. Therefore, to achieve optimal accuracy, it may be preferable to perform a
new self-alignment at the start of each new session on the R&S FSW.

Restricted operation

Since permanent storage is not possible, the following functions are not available in
secure user mode:

® Firmware update
® Activating a new option key

Furthermore, since the "SecureUser" used in secure user mode does not have admin-
istrator rights, administrative tasks such as LAN configuration and some general
instrument settings are not available. Refer to the description of the basic instrument
setup ([SETUP] menu) to find out which functions are affected.

Activating and deactivating secure user mode

Only a user with administrator rights can activate the secure user mode. Once activa-
ted, a restart is required. The special user "SecureUser" is then logged on to the
R&S FSW automatically (using the automatic login function, see "Automatic Login
Function" on page 33). While the secure user mode is active, a message is displayed
in the status bar at the bottom of the screen.

Secure Passwords

By default, the initial password for both the administrator account ("Instrument") and
the "SecureUser" account is "894129". When the secure user mode is activated the
first time after installation, you are prompted to change the passwords for all user
accounts to improve system security. Although it is possible to continue without chang-
ing the passwords, it is strongly recommended that you do so.

You can change the password in Windows 10 for any user at any time via:

"Start > Settings > Account > Signln Options > Password > Change"

To deactivate the secure user mode, the "SecureUser" must log off and the "Instru-
ment" user (administrator) must log on.

Switching users when using the automatic login function
In the "Start" menu, select the arrow next to the "Shut down" button and then "Log off".

The "Login" dialog box is displayed, in which you can enter the different user account
name and password.
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The secure user mode setting and automatic login is automatically deactivated when
the "Instrument" user logs on. The "SecureUser" is no longer available.

For administrators ("Instrument" user), the secure user mode setting is available in the
general system configuration settings (see " SecureUser Mode " on page 704).

Remote control

Initially after installation of the R&S FSW-K33 option, secure user mode must be
enabled manually once before remote control is possible.

(See sYSTem:SECurity[:STATe].)

This is necessary to prompt for a change of passwords.

4.2 Instrument Tour

4.2.1 Front Panel View

This chapter describes the front panel, including all function keys and connectors.

(Note: the graphic shows a 26 GHz model of the R&S FSW. Some of connectors on
the 85 GHz model differ slightly; this is indicated for the individual connectors.)

FSW - Signal & Spectrum Analyzer + 2 Hz - 43.5 GHz
ST | [ 1 [ [ LR FEIEEE) -
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Figure 4-1: Front panel view of FSW26

1 = Touchscreen
2 = POWER key
3 = SYSTEM keys
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= Headphones connector and volume control

= USB connectors

= POWER SENSOR connector

= PROBE connector

= NOISE SOURCE CONTROL

9 = Function keys

10 = Keypad

11 = Navigation controls

12 = (Analog) Baseband Input 50Q connectors for I/Q signal or Rohde & Schwarz active probes (optional)

13 = (Analog) Baseband Input 50Q connectors for inverse part of differential I/Q signal (optional, not for
R&S FSW85)

14 = TRIGGER INPUT/OUTPUT connectors

15 = EXT MIXER connector (optional)

16 = RF Input 50 Q connector

Instrument damage caused by cleaning agents

o NOoO oA

Cleaning agents contain substances such as solvents (thinners, acetone, etc.), acids,
bases, or other substances. Solvents can damage the front panel labeling, plastic
parts, or screens, for example.

Never use cleaning agents to clean the outside of the instrument. Use a soft, dry, lint-
free dust cloth instead.

4.2.1.1 Touchscreen

All measurement results are displayed on the screen on the front panel. Additionally,
the screen display provides status and setting information and allows you to switch
between various measurement tasks. The screen is touch-sensitive, offering an alter-
native means of user interaction for quick and easy handling of the instrument.

Risk of touchscreen damage

Inappropriate tools or excessive force can damage the touchscreen.
Observe the following instructions when operating the touchscreen:

® Never touch the screen with ball point pens or other sharp objects, use your fingers
instead.
As an alternative, you can use a stylus pen with a smooth soft tip.

® Never apply excessive force to the screen. Touch it gently.
® Never scratch the screen surface, for example with a finger nail.

® Never rub the screen surface strongly, for example with a dust cloth.
For instructions on cleaning the screen, see Chapter 14.1, "Cleaning",
on page 1356.
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Figure 4-2: Touchscreen elements

1 = Toolbar with standard application functions, e.g. print, save/open file etc.

2 = Tabs for individual measurement channels

3 = Channel bar for firmware and measurement settings

4 = Input field for measurement setting

5 = Softkeys for function access

6 = Window title bar with diagram-specific (trace) information

7 = Measurement results area

8 = Diagram footer with diagram-specific information, depending on application

9 = Instrument status bar with error messages, progress bar and date/time display

A touchscreen is a screen that is touch-sensitive, that is: it reacts in a specified way
when you tap a particular element on the screen with a finger or a pointing device, for
example. Any user interface elements that react to a click by a mouse pointer also
react to a tap on the screen, and vice versa. Using the touchscreen, you can perform
the following tasks (among others) by the tap of your finger (see also Chapter 4.3, "Try-
ing Out the Instrument", on page 64):

® (Changing a setting

® Changing the display

® Moving a marker

® Zooming into a diagram

® Selecting a new evaluation method

e Scrolling through a result list or table

® Saving or printing results and settings

To imitate a right-click by mouse using the touchscreen, for example to open a context-
sensitive menu for a specific item, press the screen for about 1 second.
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POWER Key
The "POWER" key is located on the lower left corner of the front panel. It starts up and
shuts down the instrument.

See also Chapter 4.1.1.5, "Switching the Instrument On and Off", on page 29.

SYSTEM Keys
[SYSTEM] keys set the instrument to a predefined state, change basic settings, and
provide print and display functions.

A detailed description of the corresponding functions is provided in the User Manual.
Table 4-1: SYSTEM keys

SYSTEM key Assigned functions

PRESET Resets the instrument to the default state.

MODE Provides the selection between applications

SETUP Provides basic instrument configuration functions, e.g.:

®  Reference frequency (external/internal), noise source

Date, time, display configuration

LAN interface

Self-alignment

Firmware update and enabling of options

Information about instrument configuration incl. firmware version and
system error messages

®  Service support functions (self-test etc.)

@ Switches between the on-screen keyboard display:
® At the top of the screen

® At the bottom of the screen

e Off
[y D Switches between maximized and split display of focus area.
o
=
@ Moves focus area from one active window to the next.

4.2.1.4 PHONES and VOLUME

You can use headphones to monitor demodulated audio frequencies in time domain
measurements acoustically.

Connect headphones equipped with a miniature jack plug to the PHONES female con-
nector. Set the output voltage using the "Volume" control to the right of the female con-
nector. The maximum output voltage (volume) is 1 V. If a headphone is plugged into
the instrument, the internal loudspeaker is automatically switched off.

The output provided to the PHONES connector is the same as the (video) output at the
IF/VIDEO/DEMOD OUTPUT connector.
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A

CAUTION

421.5

Risk of hearing damage

Before putting on the headphones, make sure that the volume setting is not too high to
protect your hearing.

usB

The front panel provides three female USB connectors (USB-A) to connect devices like
a keyboard or a mouse. In addition, a memory stick can be connected to store and
reload instrument settings and measurement data.

The rear panel provides further USB connectors, including a male (USB-B) connector.
See Chapter 4.2.2.5, "USB", on page 59.

All USB connectors support standard 2.0.

4.2.1.6

4.21.7

4.21.8

4.21.9

POWER SENSOR
The LEMOSA female connector is used to connect Rohde & Schwarz power sensors.
For a detailed list of supported sensors, see the data sheet.

For details on configuring and using power sensors, see Chapter 7.2.3, "Power Sen-
sors", on page 370.

PROBE

The R&S FSW provides a connector for supply voltages of +15 V to -12 V and ground
for active probes and preamplifiers. A maximum current of 140 mA is available. This
connector is suitable as power supply for high-impedance probes.

NOISE SOURCE CONTROL

The noise source control female connector is used to provide the supply voltage for an
external noise source. For example, use it to measure the noise figure and gain of
amplifiers and frequency converting devices.

Conventional noise sources require a voltage of +28 V to be switched on and 0 V to be
switched off. The output supports a maximum load of 100 mA.

Function Keys

Function keys provide access to the most common measurement settings and func-
tions.

A detailed description of the corresponding functions is provided in the User Manual.
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Table 4-2: Function keys

Function key Assigned functions

Basic measurement settings

FREQ Sets the center frequency and the start and stop frequencies for the fre-
quency range under consideration. This key is also used to set the fre-
quency offset and the signal track function.

SPAN Sets the frequency span to be analyzed.

AMPT Sets the reference level, the displayed dynamic range, the RF attenua-
tion and the unit for the level display.

Sets the level offset and the input impedance.
Activates the preamplifier (option RF Preamplifier, R&S FSW-B24).

AUTO SET Enables automatic settings for level, frequency or sweep type mode.
BW Sets the resolution bandwidth and the video bandwidth.
SWEEP Sets the sweep time and the number of measurement points.

Selects continuous measurement or single measurement.

TRACE Configures the measured data acquisition and the analysis of the mea-
surement data.

TRIG Sets the trigger mode, the trigger threshold, the trigger delay, and the
gate configuration in the case of gated sweep.

Marker functions

MKR Sets and positions the absolute and relative measurement markers
(markers and delta markers).

PEAK SEARCH Performs a peak search for active marker. If no marker is active, normal
marker 1 is activated and the peak search is performed for it.

MKR FUNC Provides additional analysis functions of the measurement markers:
Frequency counter (Sig Count)

Fixed reference point for relative measurement markers (Ref Fixed)
Noise marker (Noise Meas)

Phase noise (Phase Noise)

n dB down function

AM/FM audio demodulation

Peak list

MKR-> Used for search functions of the measurement markers (maximum/mini-
mum of the trace).

Assigns the marker frequency to the center frequency, and the marker
level to the reference level.

Restricts the search area (Search Limits) and characterizes the maxi-
mum points and minimum points (Peak Excursion).

Measurement and evaluation functions
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Function key Assigned functions

MEAS Provides the measurement functions.

Measurement of multicarrier adjacent channel power (Ch Power ACLR)
Carrier to noise spacing (C/N C/Ng)

Occupied bandwidth (OBW)

Spectrum emission mask measurement (Spectrum Emission Mask)
Spurious emissions (Spurious Emissions)

Measurement of time domain power (Time Domain Power)

Signal statistics: amplitude probability distribution (APD) and cumulative
complementary distribution function (CCDF)

Third-order intercept point (TOI)
AM modulation depth (AM Mod Depth)

MEAS CONFIG Used to define measurement configuration.
LINES Configures display lines and limit lines.
INPUT/OUTPUT Displays softkeys for input/output functions.

Measurement start functions

RUN SINGLE Starts a single new measurement (Single Sweep Mode).

RUN CONT Starts a continuous measurement (Continuous Sweep Mode).

Function execution (in navigation controls area)

UNDO Reverts last operation

REDO Repeats previously reverted operation.

42110 Keypad

The keypad is used to enter alphanumeric parameters, including the corresponding
units (see also Chapter 4.4.4.2, "Entering Alphanumeric Parameters", on page 99). It
contains the following keys:

Table 4-3: Keys on the keypad

Type of key Description

Alphanumeric keys Enter numbers and (special) characters in edit dialog boxes.

Decimal point Inserts a decimal point "." at the cursor position.

Sign key Changes the sign of a numeric parameter. In the case of an alphanu-

meric parameter, inserts a "-" at the cursor position.

Unit keys (GHz/-dBm MHz/ Adds the selected unit to the entered numeric value and complete the
dBm, kHz/dB and Hz/dB) entry.

In the case of level entries (e.g. in dB) or dimensionless values, all units
have the value "1" as multiplying factor. Thus, they have the same func-
tion as an [ENTER] key.
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Type of key Description

ESC key Closes all kinds of dialog boxes, if the edit mode is not active. Quits the
edit mode, if the edit mode is active. In dialog boxes that contain a "Can-
cel" button it activates that button.

For "Edit" dialog boxes the following mechanism is used:

® |f data entry has been started, it retains the original value and
closes the dialog box.

® |f data entry has not been started or has been completed, it closes
the dialog box.

[BACKSPACE] key If an alphanumeric entry has already been started, this key deletes the
character to the left of the cursor.
[ENTER] key ®  Concludes the entry of dimensionless entries. The new value is
accepted.
®  With other entries, this key can be used instead of the "Hz/dB" unit
key.

® |n adialog box, selects the default or focused element.

4.2.1.11 Navigation Controls

The navigation controls include a rotary knob, navigation keys, and UNDO / REDO
keys. They allow you to navigate within the display or within dialog boxes.

Navigating in tables
The easiest way to navigate within tables (both in result tables and configuration
tables) is to scroll through the entries with your finger on the touchscreen.

Rotary Knob

The rotary knob has several functions:

® For numeric entries: increments (clockwise direction) or decrements (counter-
clockwise direction) the instrument parameter at a defined step width

® |n lists: toggles between entries

® For markers, limit lines, and other graphical elements on the screen: moves their
position

® For active scroll bars: moves the scroll bar vertically

® For dialog boxes: Acts like the [ENTER] key when pressed

Navigation Keys

The navigation keys can be used alternatively to the rotary knob to navigate through
dialog boxes, diagrams or tables.
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Arrow Up/Arrow Down Keys

The <arrow up> or <arrow down> keys do the following:

® For numeric entries: increments (Arrow Up) or decrements (Arrow Down) the
instrument parameter at a defined step width

® |n alist: scrolls forward and backward through the list entries
® |n a table: moves the selection bar vertically
® |n windows or dialog boxes with a vertical scroll bar: moves the scroll bar

Arrow Left/Arrow Right Keys

The <arrow left> or <arrow right> keys do the following:
® |n an alphanumeric edit dialog box, move the cursor.

In a list, scroll forward and backward through the list entries.

In a table, move the selection bar horizontally.
® |n windows or dialog boxes with horizontal scroll bar, move the scroll bar.

4.2.1.12 UNDO/REDO Keys

® The [UNDO] key reverts the previous action, i.e. the status before the previous
action is retrieved.
The undo function is useful, for example, if you are performing a zero span mea-
surement with several markers and a limit line defined and accidentally select a dif-
ferent measurement. In this case, many settings would be lost. However, if you
press [UNDO] immediately afterwards, the previous status is retrieved, i.e. the zero
span measurement and all settings.

® The [REDO] key repeats the previously reverted action, i.e. the most recent action
is repeated.

The [UNDO] function is not available after a [PRESET] or "RECALL" operation. When
these functions are used, the history of previous actions is deleted.

4.21.13 (Analog) Baseband Input 50 Q Connectors (Optional)

The Analog Baseband Interface option provides four "Baseband input" BNC connec-
tors on the front panel of the R&S FSW for analog | and Q signals (R&S FSW85: two
connectors).
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The upper BNC connectors BASEBAND INPUT | and BASEBAND INPUT Q are used
to input:

® Single-ended signals

® The positive signal input for differential signals

® Input from active Rohde & Schwarz probes (see data sheet)

The lower BNC connectors T and Q are used to input the negative signal for differential
signals.

R&S FSW85
The R&S FSW85 provides only two connectors; differential input is not supported.

@ @

Complex signal input (I+jQ)

For complex signal input (I+jQ), always use two identical cables for the | and Q con-
nectors (same length, same type, same manufacturer). Otherwise, time delay or gain
imbalance can occur between the different cables, which cannot be calibrated.

All connectors have a fixed impedance of 50 Q and can receive a maximum input level
of 4 V, each.

Risk of instrument damage

Do not overload the BASEBAND INPUT connectors. An input voltage of 4 V must
never be exceeded. Noncompliance destroys the Analog Baseband Interface compo-
nents.

The device that provides analog baseband input (or the probe) must be connected to
the R&S FSW accordingly.

Since the Digital I/Q input and the Analog Baseband input use the same digital signal
path, both cannot be used simultaneously. When one is activated, established connec-
tions for the other are disconnected. When the second input is deactivated, connec-
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tions to the first are re-established. This can cause a short delay in data transfer after
switching the input source.

Input via the Analog Baseband Interface can be enabled in the I/Q Analyzer, the Ana-
log Demodulation application, or in one of the optional applications that process 1/Q
data (where available).

4.2.1.14 TRIGGER INPUT/OUTPUT

Use the female TRIGGER INPUT connector to input an external trigger or gate data.
Thus, you can control the measurement using an external signal. The voltage levels
can range from 0.5 V to 3.5 V. The default value is 1.4 V. The typical input impedance
is 10 kQ.

Use the female BNC TRIGGER INPUT / OUTPUT connector to receive a second
external signal or to provide a signal to another device. The signal is TTL compatible
(0 V /5 V). You control the connector usage in the "Trigger" settings ([TRIG] key).

The trigger output also controls signals by the frequency mask trigger available in
Real-Time mode.

ter 4.2.2.10, "TRIGGER 3 INPUT/ OUTPUT", on page 61. (Not models
1312.8000Kxx)
For R&S FSW85 models, the second trigger (female BNC TRIGGER INPUT / OUT-

PUT connector) on the front panel is not available due to the second RF input connec-
tor (see Chapter 4.2.1.16, "RF INPUT 50 Ohm", on page 56).

6 The rear panel provides a third TRIGGER INPUT / OUTPUT connector, see Chap-

4.2.1.15 EXT MIXER Connector (Optional)

Connect external mixers to the EXT MIXER LO OUT/IF IN and IF IN female connectors
to increase the available frequency range. These connectors are optional and only
available with R&S FSW-B21.

If no external mixers are connected to the R&S FSW, cover the two front connectors
LO OUT /IF IN and IF IN with the supplied SMA caps.

4.2.1.16 RF INPUT 50 Ohm

The specific connector type depends on the instrument model:

® R&S FSW26: APC 3.5 mm male (compatible with R&S SMA)
® R&S FSW43: 2.92 mm male (compatible with R&S SMA)

® R&S FSW50/67: 1.85 mm male (compatible with 2.4 mm)

® R&S FSW85:

— Input 1: 1.00 mm RF input connector for frequencies up to 85 GHz (90 GHz
with option R&S FSW-B90G)

— Input 2: 1.85 mm RF input connector for frequencies up to 67 GHz
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For models 1312.8000Kxx:
1.00 mm RF input connector for frequencies up to 85 GHz (90 GHz with option
R&S FSW-B90G)

Risk of instrument damage

Do not overload the input. For maximum allowed values, see the data sheet. For AC-
coupling, a DC input voltage of 50 V (1.00 mm connector: 25 V) must never be excee-
ded. For DC-coupling, DC voltage must not be applied at the input. In both cases, non-
compliance will destroy the input mixers.

Furthermore, for R&S FSW85 models, do not fasten the 1.00 mm RF Input connector
with a torque larger than 0.23 Nm. Rohde & Schwarz offers an appropriate torque
wrench (R&S®ZN-ZTW Torque 0.23 Nm; delivered with the instrument).

Connect a device under test (DUT) to the R&S FSW to provide RF input which is then
analyzed. Connect the DUT to the RF Input on the R&S FSW via a cable equipped
with an appropriate connector.

For R&S FSW85 models, which have two input connectors, you must define which
input source is used for each measurement channel.

(See Chapter 7.2.2.1, "Radio Frequency Input", on page 364).

4.2.2 Rear Panel View

This figure shows the rear panel view of the R&S FSW. The individual elements are
described in more detail in the subsequent sections.
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Figure 4-3: Rear panel view

= Removable system hard drive

= AC Power Supply Connection and Main Power Switch

= DISPLAY PORT for external display

= DVI connector for external display

= LAN connector

= USB (DEVICE) connectors

= Bandwidth Extension 160 MHz/ 320 MHz/ 512 MHz with IF WIDE OUTPUT connector (option -B160/-
B320-B512)

8 = IF OUT 2 GHz connector

9 = IF/VIDEO/DEMOD connector

10 = TRIGGER 3 INPUT/OUTPUT connector

11 = DIGITAL BASEBAND INPUT/OUTPUT connectors (option B17)

12 = SYNC TRIGGER OUTPUT/INPUT

13 = AUX PORT

14 = GPIB interface

15 = Analog baseband interface (option B71)

16 = External generator control (option B10)

17 = Alignment Signal Source (option B2000)

18 = OCXO external reference (option B4)

19 = REF INPUT/OUTPUT connectors

NOoO OB WON -

4221 Removable System Hard Drive

The removable system hard drive contains all measurement data from the R&S FSW,
allowing you to store the data securely in an external location.

4.2.2.2 AC Power Supply Connection and Main Power Switch

An AC power supply connector and main power switch are located in a unit on the rear
panel of the instrument.
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Main power switch function:
Position 1: The instrument is in operation.
Position O: The entire instrument is disconnected from the AC power supply.

For details, refer to Chapter 4.1.1.4, "Connecting the AC Power", on page 29.

DISPLAY PORT and DVI

You can connect an external monitor or other display device to the R&S FSW to pro-
vide an enlarged display. Two different types of connectors are provided for this pur-
pose:

e DISPLAY PORT
e DVI (Digital visual interface)

For details, see Chapter 4.1.4, "Connecting an External Monitor", on page 37.

LAN

The LAN interface can be used to connect the R&S FSW to a local network for remote
control, printouts or data transfer. The assignment of the RJ-45 connector supports
twisted-pair category 5 UTP/STP cables in a star configuration (UTP stands for
unshielded twisted pair, and STP for shielded twisted pair).

For details, see Chapter 12, "Network and Remote Operation”, on page 725.

usB

The rear panel provides four additional female USB (USB-A) connectors to connect
devices like a keyboard, a mouse or a memory stick (see also Chapter 4.2.1.5, "USB",
on page 50).

Furthermore, a male USB DEVICE connector (USB-B) is provided, for example to con-
nect the R&S FSW to a PC for remote control.

All USB connectors support standard 2.0.

Bandwidth Extension Options with IF WIDE OUTPUT Connector

You can extend the signal analysis bandwidth of the R&S FSW by a hardware option
(R&S FSW-B160/-B320-B512 or R&S FSW-U160/-U320/-U512). The bandwidth exten-
sion allows for an output sample rate of up to 10 GHz and a linear bandwidth up to:

® 160 MHz (with option B160/U160)

® 320 MHz (with option B320/U320)

® 512 MHz (with option B512/U512)

While the extension can be activated or deactivated manually in the R&S FSW base

unit (I/Q Analyzer application), it is activated automatically in some applications that
also support 1/Q data analysis. See the application-specific documentation for details.
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Together with the bandwidth extension an additional IF output connector is provided
("IF WIDE OUTPUT"). As opposed to the default IF/VIDEO/DEMOD OUTPUT connec-
tor, the IF output frequency of the optional connector cannot be defined manually, but
is determined automatically depending on the center frequency. For details on the used
frequencies, see the data sheet. The IF WIDE OUTPUT connector is used automati-
cally when the bandwidth extension is activated (i.e. for bandwidths > 80 MHz).

4.2.2.7 Digital I/Q 40G Streaming Output Connector (R&S FSW-B517)

The Digital 1/Q 40G Streaming Output (QSFP+) connector is provided by the hardware
of any bandwidth extension option for 512 MHz or more.

100... 240V
50 ... 60 Hz / 400 Hz

If necessary, remove the metal cover from the connector on the rear panel of the
R&S FSW.

The output connector provides 1/Q data streams with a sample rate of up to 600 MHz, if
the R&S FSW-B517 option is installed and active.

Output is activated in the software ([INPUT/OUTPUT] key). Currently, it is only suppor-
ted by the 1/Q Analyzer application.

See the R&S FSW I/Q Analyzer and 1/Q Input User Manual for details.

4.2.2.8 IF OUT 2 GHz /5 GHz Connector

The female SMA connector is only available for instrument models
R&S FSW26/43/50/67/85. It can be used to provide intermediate frequency (IF) output
of approximately 2 GHz at a frequency of 2 GHz.

Output is activated in the software ([INPUT/OUTPUT] key).
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For details, see the R&S FSW 1/Q Analyzer and 1/Q Input User Manual.

IF/VIDEO/DEMOD OUTPUT

The female BNC connector can be used for various outputs:

® [ntermediate frequency (IF) output of approximately 20 MHz

® Video output (1V)

Which output is provided is defined in the software ([INPUT/OUTPUT] key).
For details, see "Data Output" on page 434.

TRIGGER 3 INPUT/ OUTPUT

The additional female BNC "TRIGGER INPUT / OUTPUT" connector can be used to
receive a third external signal or to provide a signal to another device. The signal is
TTL compatible (0 V /5 V). You can control the connector usage in the "Trigger" set-
tings ([TRIG] key).

Digital Baseband Interface (R&S FSW-B17) and R&S EX-IQ-BOX

The R&S FSW Digital Baseband Interface option (R&S FSW-B17) provides an online
digital I/Q data interface on the rear panel of the instrument for input and output. The
digital input and output can be enabled in the base unit or in one of the applications
(where available).

Optionally, an R&S EX-IQ-BOX can be connected to the Digital Baseband Interface to
convert signal properties and the transmission protocol of the R&S FSW into user-
defined or standardized signal formats and vice versa.

Since the Digital 1/Q input and the Analog Baseband input use the same digital signal
path, both cannot be used simultaneously. When one is activated, established connec-
tions for the other are disconnected. When the second input is deactivated, connec-
tions to the first are re-established. This can cause a short delay in data transfer after
switching the input source.

4.2.2.12

For more information on the Digital Baseband Interface (R&S FSW-B17) and typical
applications, see the R&S FSW 1/Q Analyzer User Manual.

SYNC TRIGGER OUTPUT/INPUT

Use the SYNC TRIGGER OUTPUT/INPUT connectors to synchronize several devices
(e.g. two R&S FSWs) to a common trigger signal or reference frequency. The

R&S FSW can output a 100 MHz signal as a trigger or reference signal to another
device. The R&S FSW can also receive an external trigger or reference signal at the
input connector.
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42213 AUXPORT

The 9-pole SUB-D male connector provides control signals for controlling external
devices. The voltage levels are of the TTL type (max. 5 V).

Pin Signal Description
&) ) 1 +5V / max. 250 mA Supply voltage for external circuits
2to 7 I/0 Control lines for user ports (see User manual)
8 GND Ground
9 READY FOR TRIGGER Signal indicating that the instrument is ready to
receive a trigger signal (Low active = 0 V)

Short-circuit hazard
Always observe the designated pin assignment. A short-circuit can damage the port.

4.2.2.14 GPIB Interface

The GPIB interface is in compliance with IEEE488 and SCPI. A computer for remote
control can be connected via this interface. To set up the connection, a shielded cable
is recommended. For more details, refer to "Setting Up Remote Control" in the User
Manual.

4.2.2.15 External Generator Control Option (R&S FSW-B10)

The external generator control option provides an additional GPIB and an "AUX con-
trol" connector.

#

“,

FSW - B10

e ¢ 0o ¢

AUX. CONTROL EXT. GEN. CONTROL GPIB

C s

The GPIB connector can be used to connect the external generator to the R&S FSW.

The female "AUX control" connector is required for TTL synchronization, if supported
by the generator.

For details on connecting an external generator, see the "External Generator Control"
section of the R&S FSW User Manual.
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4.2.2.16 Alignment Signal Source (Option R&S FSW-B2000)
The alignment signal source is required to align the connected oscilloscope and the
oscilloscope ADC for the optional 2 GHz bandwidth extension (R&S FSW-B2000).
For details, see the R&S FSW 1/Q Analyzer and 1/Q Input User Manual.

4.2.217 OCXO Option (R&S FSW-B4)

This option generates a 10 MHz reference signal with a very precise frequency. If
installed, and if no external signal is used, this signal is used as an internal reference.
It can also be used to synchronize other connected devices via the REF OUTPUT 10
MHz connector.

Warm-up time for OCXO
When the instrument is switched on, the OCXO requires an extended warm-up time
(see data sheet).

4.2.218 REF INPUT/ REF OUTPUT
The REF INPUT connectors are used to provide an external reference signal to the
R&S FSW.

The REF OUTPUT connectors can be used to provide an external reference signal (or
the optional OCXO reference signal) from the R&S FSW to other devices that are con-
nected to this instrument.

Various connectors are provided for different reference signals:

Connector Reference signal Usage
REF INPUT 1...50 MHz To provide an external reference signal on the R&S FSW.
0...10 dBm
REF OUTPUT 1...50 MHz To provide the same external reference signal received by
the REF INPUT 1...50 MHz connector to another device,
0...10 dBm .
when available.
REF OUTPUT 10 MHz To provide the internal reference signal from the R&S FSW
10 dBm to another device continuously.
Also used to provide OCXO reference signal to another
device.
REF INPUT 100 MHz / 1 GHz To provide an external reference signal on the R&S FSW.
0...10 dBm
REF OUTPUT 100 MHz To provide a 100 MHz reference signal from the R&S FSW
6 dBm to another device.
REF OUTPUT 640 MHz To provide a 640 MHz reference signal from the R&S FSW
16 dBm to another device.
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SYNC TRIGGER

The SYNC TRIGGER connector can also be used to synchronize the reference fre-
quency on several devices (see Chapter 4.2.2.12, "SYNC TRIGGER OUTPUT/
INPUT", on page 61).

4.3

431

Trying Out the Instrument

This chapter introduces the most important functions and settings of the R&S FSW
step by step. The complete description of the functionality and its usage is given in the
R&S FSW User Manual. Basic instrument operation is described in Chapter 4.4, "Oper-
ating the Instrument"”, on page 82.

Prerequisites

The instrument is set up, connected to the mains system, and started up as descri-
bed in Chapter 4.1, "Preparing for Use", on page 25.

For these first measurements, you use the internal calibration signal, so you do not
need any additional signal source or instruments. Try out the following:

Measuring @ BasiC SigNal.........ccoooiiiiiiiiiiee e 64
Displaying @ SPeCtrOgram........cui i ueiiii ettt 66
Activating Additional Measurement Channels...........cccoceiiiiiiiiniiee e 68
Performing Sequential Measurements...........cooovivecciiiiiieeeeie e e e 71
Setting and Moving @ Marker............uuuiiiiiiiee i e e e e 72
Displaying a Marker Peak LiSt.........coui e 73
Zooming iNto the DiSPlay........ceeii i 74
Zooming into the Display Permanently..........ccoooiiiiiiiiiiii e 77
SAVING SEHINGS. coi it 80
Printing and Saving RESUIS..........coii i 81

Measuring a Basic Signal

We will start out by measuring a basic signal, using the internal calibration signal as
the input.

To display the internal 64 MHz calibration signal

1.
2.
3.
4.

Press the [PRESET] key to start out in a defined instrument configuration.
Press the [Setup] key on the front panel.

Tap the "Service + Support" softkey.

Tap the "Calibration Signal" tab.
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Tap the "Calibration Frequency RF" option. Leave the frequency at the default
64 MHz, with a narrowband spectrum.

The calibration signal is now sent to the RF input of the R&S FSW. By default, a
continuous frequency sweep is performed, so that the spectrum of the calibration
signal is now displayed in the standard level versus frequency diagram.

Multiview =2 Spectrum

0dB SWT 8 ms
1 Frequency Sweep

1001 pts 800.0 MHz/ Span 8.0 GHz

Figure 4-4: Calibration signal as RF input

Instrument warmup time

Note that the instrument requires an initial warmup time after switching it on. A mes-
sage in the status bar ("Instrument warming up...") indicates that the operating temper-
ature has not yet been reached. Wait until this message is no longer displayed before
you start a measurement.

To optimize the display

To optimize the display for the calibration signal, we will adjust the main measurement
settings.

1.

Set the center frequency to the calibration frequency:

a) Tap the "Overview" softkey to display the configuration "Overview".
b) Tap the "Frequency" button.

c) Inthe "Center" field, enter 64 on the number pad on the front panel.
d) Press the "MHZz" key next to the number pad.

Reduce the span to 20 MHz:

a) Inthe "Span" field of the "Frequency" dialog box, enter 20 MHz.
b) Close the "Frequency" dialog box.

3. Set the reference level to -25 dBm:
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a) In the configuration "Overview", tap the "Amplitude" button.
b) In the "Value" field of the "Amplitude" dialog box, enter -25 dBm.

The display of the calibration signal is now improved. The maximum at the center
frequency (=calibration frequency) of 64 MHz becomes visible.

MultiView =2 Spectrum

Ref Level -25.00 dBm
Att 0dB  SWT 1.01 ms
1 Frequency Sweep

'\ uv ‘“ 1 ..\

U H “ i i “l"" | ‘ \‘ 'W 'u { 'v' i fi ' ” W v“”

Figure 4-5: Calibration signal with optimized display settings

B A

Span 20.0 Ml

4.3.2 Displaying a Spectrogram

In addition to the standard "level versus frequency" spectrum display, the R&S FSW
also provides a spectrogram display of the measured data. A spectrogram shows how
the spectral density of a signal varies over time. The x-axis shows the frequency, the y-
axis shows the time. A third dimension, the power level, is indicated by different colors.
Thus you can see how the strength of the signal varies over time for different frequen-
cies.

1. Tap the "Overview" softkey to display the general configuration dialog box.

2. Tap the "Display Config" button.

The SmartGrid mode is activated, and the evaluation bar with the available evalua-
tion methods is displayed.

S

Spectrogram

Drag the "Spectrogram" icon from the evaluation bar to the diagram area. The blue
area indicates that the new diagram would replace the previous spectrum display.

|
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Since we do not want to replace the spectrum, drag the icon to the lower half of the
display to add an additional window instead.

Ref Level -
Att dB  SWT 1.0l ms VBW
1 Srequency Sweep

e

Diagram

Marker Table

Marker Peak List

m
Spectrpgram

Figure 4-6: Adding a Spectrogram to the display

Drop the icon.

4. Close the SmartGrid mode by tapping the "Close" icon at the top right corner of the
toolbar.

You see the spectrogram compared to the standard spectrum display. Since the
calibration signal does not change over time, the color of the frequency levels does
not change over time, i.e. vertically. The legend at the top of the spectrogram win-
dow describes the power levels the colors represent.
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Multiview =2 Spectrum

Ref Level -25.00 1 RBW 200
Att Ode SWT 1.0l ms VBW 2
1 Frequency Sweep

o[
\il‘l

CF 64.0 MHz 1001 pts
2 Spr ograr

CF 64.0 MHz 1001 pts Span 20.0 MHz Frame #

Figure 4-7: Spectrogram of the calibration signal

4.3.3 Activating Additional Measurement Channels

The R&S FSW features multiple measurement channels, i.e. you can define several
measurement configurations in parallel and then switch between the channels auto-
matically to perform the measurements sequentially. We will demonstrate this feature
by activating additional measurement channels for a different frequency range, a zero
span measurement, and an 1/Q analysis.

To activate additional measurement channels
1. Press the [Mode] key on the front panel.

2. On the "New Channel" tab of the "Signal + Spectrum Mode" dialog box, tap the
"Spectrum" button.
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MultiView =2 Spectrum

Ref Level -2
Att
1 Frequency Sweep

Signal + Spectrum Analyzer Multi-Standard Radio Analyzer

New A\ Spectrum 4 IxEV-DO @) 1xEV-DO
Channel %o BTS 50 MS

”'_-::" 802.11ad "’-_-5' 802.11ay = Amplifier v Analog Demod

Replace
Current

Channel [ cpmazo00 E) CDMAZ000
< BTS - MS

= DOCSIS 3.1 Am gsm

Lte LTE i B";ﬁGv"ou" £ NB-ToT b Noise

“__ Phase Noise 1 Pulse Wi Spurious i g?éSCDMA

o~ Transient

Analysis v WSGTF i = WLAN

e wl\

Duplicate
Current Channel

Figure 4-8: Adding a new measurement channel

3. Change the frequency range for this spectrum display:
In the "Frequency" dialog box, set the center frequency to 500 MHz and the span
to 1 GHz.

MultiView &8 Spectrum X  Spectrum 2
Ref Level -25.0 m

Att 0dB SWT 1.01ms

1 Frequency Sweep

CF 500.0 MHz 1001 pts 100.0 MHz / Span 1.0 GHz

Figure 4-9: Frequency spectrum of the calibration signal with a larger span

4. Repeat the previous steps to activate a third Spectrum window.
Change the frequency range for this spectrum display:
In the "Frequency" dialog box, set the center frequency to 64 MHz and tap "Zero
Span".
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As the calibration signal does not vary over time, the level versus time diagram dis-
plays a straight line.

MultiView =2 Spectrum % X Spectrum 2 # X = Spectrum 3
Ref Level -2! ® RBW Hz

Att ® SWT 1.01 ms VBW

1 Zero Span

CF 64.0 MHz 1001 pts 101.0 ps/

Figure 4-10: Time domain display of the calibration signal

5. Create a new channel for I/Q analysis:

a) Press the [Mode] key.

b) Tap the "IQ Analyzer" button to activate a channel for the 1/Q Analyzer applica-
tion.

c) Tap the "Display Config" softkey to activate the SmartGrid mode.

d) Drag the "Real/lmag (I/Q)" icon from the evaluation bar to the SmartGrid.

Multiview =8 Spectrum # X Spectrum 2 # X Spectrum3 1Q Analyzer

Ref Level -25.00 « Meas Time 3 SRate
3 Freq 64.0 MHz Rec Length

1 Real/Imag (I/Q) Imag

CF 64.0 MHz 1001 pts 3.13 ps/

Figure 4-11: Inserting a Real/lmag diagram for I/Q analysis

s
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e) Close the SmartGrid mode.

The "IQ Analyzer" channel displays the real and imaginary signal parts in separate
windows.

To display the MultiView tab

An overview of all active channels is provided in the "MultiView" tab. This tab is always
displayed and cannot be closed.

» Tap the "MultiView" tab.

Multiview =8 Spectrum # X  Spectrum 2 Spectrum 3 X IQ Analyzer

Ref Level
tt

Spectrum 2 P

Spect RefLevel
pectrum

1 Frequency Sweep eiPk Cirw | 1 Frequency Sweep
It

CF64.0 MHz 1001 pts 2.0 MHz/

1001 pts ~100.0 MHz/ Span 1.0 GHz

Meas Time SRate

Re
Spectrum 3 B Freg 64.0MHz Rec Length

1 Zero Span

1 Real/Imag (I/Q) Imag

1001 pts 101.0 ps/ | |CF 64.0 MHz 1001 pts

Figure 4-12: The "MultiView" tab

4.3.4 Performing Sequential Measurements

Although only one measurement can be performed at any one time, the measurements
configured in the active channels can be performed sequentially, that means: one after
the other, automatically, either once or continuously.

%y
Tap the "Sequencer" icon in the toolbar.

2. Toggle the "Sequencer" softkey in the "Sequencer" menu to "On".

A continuous sequence is started, i.e. each channel measurement is performed
one after the other until the Sequencer is stopped.

s
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MultiView B8 Spectrum X  spectrum 2 X  Spectrum 3 X  1IQ Analyzer Sequencer

Ref Lev: n Ref Level on off

Spectrum &/ W Spectrum 2

L Frequency Sweep “iPk Crw | 1 Frequency Sweep

Continuous

|
|
( |\ i i
. . | ( | | Sequence
1 |
N 1001 pts 2.0MHz/ | f | Single
= = = — . Sequence
Channel
Defined
Sequence
|
& 2
e !

CF 470.0 MHz 1001 pts 94.0 MHz/ Span 940.0 MHz
Ref Levs n Meas Time SRal

Spectrum 3 e 1Q Analyzer . Freq 64.0 MHz  Rec Length

1 Zero Span s
mag (1/Q) Real

1 Real/Imag (1/Q) Imag

LB B
e ! -_/"
overview
1001 pts 101.0 ps/ || CF 64.0 MHz 1001 pts 3.13ps/

- measuring... [[[TT][[T] tlamw 7 11.12.2017

08:17:32

Figure 4-13: "MultiView" tab with active Sequencer

3

In Figure 4-13, the "Spectrum 2" measurement is currently active (indicated by the
"channel active" icon in the tab label).

3. Stop the Sequencer by tapping the "Sequencer" softkey again.

4.3.5 Setting and Moving a Marker

Markers are useful to determine the position of particular effects in the trace. The most
common use is to determine a peak, which is the default setting when you activate a
marker. We will set a marker on the peak in our first Spectrum measurement.

1. In the "MultiView" tab, double-tap the "Spectrum" window (frequency sweep with
spectrogram display) to return to the "Spectrum" channel.

2. Tap the spectrum display to set the focus on that window.

3.
=*_|
Press the "Split/Maximize" key on the front panel to maximize the spectrum win-
dow, as we currently do not need the spectrogram display.

4. Press the "RUN SINGLE" key on the front panel to perform a single sweep so we
have a fixed trace to set a marker on.

5. Press the [MKR] key on the front panel to display the "Marker" menu.

Marker 1 is activated and automatically set to the maximum of trace 1. The marker
position and value is indicated in the diagram area as M1[1].

s
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Marker 1 Frame Number

Multiview =3 Spectrum: X Spectrum 2

x

Ref Level -25.00 dBm RBW

Att 0dB SWT 1.0l ms VBW
1 Frequency Sweep ® 1Pk Clrw

M1[1]] -30.05 dBm
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6. Now you can move the marker by tapping and dragging it to a different position.
The current position is indicated by a dotted blue line. Notice how the position and
value change in the marker area of the diagram.

MultiView =8 Spectrum X | Spectrum 2 Marker 1 Frame Number
66.269 MHz
Ref Level -25.00 dBm RBW z _

ALt 0dB SWT 1.01ms VBW
1 Frequency Sweep ® 1Pk Clrw
| MI1[1] -94.62 dBm
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4.3.6 Displaying a Marker Peak List

The marker peak list determines the frequencies and levels of peaks in the spectrum
automatically. We will display a marker peak list for the Spectrum 2 channel.

1. Tap the "Spectrum 2" tab.
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2. Press the "RUN SINGLE" key on the front panel to perform a single sweep for
which we will determine the peaks.

3.@

Tap the "SmartGrid" icon in the toolbar to activate SmartGrid mode.

4. Drag the "Marker Peak List" icon from the evaluation bar to the lower half of the
display to add a new window for the peak list.

5. Close the SmartGrid mode.

6. To obtain a more conclusive peak list that does not contain noise peaks, for exam-
ple, define a threshold that is higher than the noise floor:

a) Press the [MKR] key on the front panel.
b) Tap the "Marker Config" softkey in the "Marker" menu.
c) Tap the "Search" tab in the "Marker" dialog box.
d) Inthe "Threshold" field, enter -68 dBm.
e) Tap the "State" box for "Threshold" to activate its use.
Only peaks that are larger than -68 dBm will be included in the peak list.

The marker peak list displays the determined peaks that are above the defined
threshold.

Multiview =8 Spectrum X  Spectrum 2 X | Spectrum 3 X  IQ Analyzer
Ref Level -25.00 dBm RBW
ALt OdB @ SWT 1s Mode Aul

1 Frequency Sweep

CF 470,.0 MHz 1001 pts — 94,0 MHz/ Span 940.0 MHz
2 Marker Peak List
No X = X-Value Y-¥alue -
1 n 7 MHz -

a

6

Figure 4-14: Marker Peak List

4.3.7 Zooming into the Display

To analyze the areas around the peak levels in more detail, we will zoom into the top 3
peaks.

e
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E

Tap the "Multiple Zoom" icon in the toolbar.

The icon is highlighted orange to indicate that multiple zoom mode is active.

2. Tap the diagram near the first peak and drag your finger to the opposite corner of
the zoom area. A white rectangle is displayed from the point where you tapped to
the current position.

Figure 4-15: Defining the zoom area

When you remove your finger, the zoom area is enlarged in a second (sub-)win-
dow.

1 Fr equenw Sweep
M1[1] -3
64.330 MHz

W

CF 470.0 MHz 1001 p 94.0 MHz/ Span 940.0 MHZ

. = rz1
CF 68.12769629 MHz 80 pts 7.46 MHz/ Span 74.616048318 MHz

Figure 4-16: Zoomed display around a peak

3. InFigure 4-16, the enlarged peak is represented by a very thick trace. This is due
to the insufficient number of sweep points. The missing sweep points for the
zoomed display are interpolated, which provides poor results. To optimize the

results, we will increase the number of sweep points from the default 1001 to
32001.

a) Press the [Sweep] key on the front panel.
b) Tap the "Sweep Config" softkey in the "Sweep" menu.
c) Inthe "Sweep Points" field, enter 32001.

User Manual 1173.9411.02 — 41 75



R&SCPFSW Getting Started

d) Press the RUN SINGLE key on the front panel to perform a new sweep with
the increased number of sweep points.

1 Frequency Sweep P C

M1[1] -30.14 dBm
/, 64.3260 MHz

\%EZI
I.-----------.

CF 470.0 MHz 1 pts Span 940.0 MHz

. — r21
CF 68.12769629 MHz 2541 pts 7.46 MHz/ Span 74.616048318 MHz
2 Marker Peak List

Y-Yalue E Y-¥Yalue -

o RN
L RN

Figure 4-17: Zoomed peak with increased number of sweep points

Note that the trace becomes much more precise.

Tap the "Multiple Zoom" icon in the toolbar again and define a zoom area around
markers M4, M5 and M6.

1 Frequency Sweep PC
23 M1[1]| -30.14 dBm
64.3260 MHz

32001 pts — 94,0 MHz/ Span 940.0 MHz
x|t . Xl

Lol | =

L0 soo0dem | | | | |- e e et e s e ] Al o |
a4 L I rzz 4

CF 68.1276... 25... 7.46... Span 74.616... CF 380.56896... _8:._. 17.0... Span 17... CF 577.057...
2 Marker Peak List

No
!
4
6

Figure 4-18: Multiple zoom windows

5. Tap the B "Multiple Zoom" icon in the toolbar again and define a zoom area around
marker M8.

e
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6. To increase the size of the third zoom window, drag the "splitter" between the win-
dows to the left or right or up or down.

32001 pts _ _ 94,0 MHz/

it 2l M1
3]

6.1

o1 AP Clrw
M1[1]| -30.14 dBm

! 64,3260 MHz

CF 470.0 MHz 32001 pts Span 940.0 MHz
it Rl o500 %

r23
2077 pts Span 61.0 MHz

Figure 4-19: Enlarged zoom window

4.3.8 Zooming into the Display Permanently

The zoomed results from Chapter 4.3.7, "Zooming into the Display", on page 74 were
only graphical changes to the display. Now we would like to change the measurement
settings such that the zoomed result is maintained permanently. We will demonstrate

this in the Spectrum channel.

1. Tap the "Spectrum" tab.

2. Double-tap the diagram close to the peak of the measurement.

A peak marker (M1) is inserted at the detected peak.
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MultiView =2 Spectrum X | Spectrum 2 X  Spectrum 3 X IQ Analyzer

Ref Level -25
Att 0dB SWT 1.0l ms < Mode ZAu

1 Frequency Sweep e 1AP C

M1[1]| -30.06 dBm
64,0000 MHz
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Select the (graphical) zoom icon on the toolbar.

Any subsequent touch gestures define the zoom area for the zoom display.

4. Place two fingers on the diagram, to the left and right of the marker, and stretch
them apart.

Multiview 52 Spectrum

Ref Level -2
Att

1 Frequency Swe ® 1Pk Clrw

M1[1]| -30.01 dBm &
#0 64.0000 MHz

v
Span 4.003451251 MHz

CF 63.991371872 MHz 201 pts 400.35 kHz/

The area around the marker is enlarged in the result display.

5. When the area has the size you require, remove your fingers from the display.

The displayed span and the number of displayed sweep points is smaller than
before, all other measurement settings remain unchanged.

s
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MultiView =8 Spectrum X Spectrum 2 #* X  Spectrum 3 # X  1IQ Analyzer #* X

Ref Level -2 3 RBW

Att 0Ode SWT 1.01ms VBW
1 Frequency Sweep

M1[1]| -30.06 dBm =
64,0000 MHz

P

>
CF 64.120793788 MHz 129 pts 257.12 kHz/ Span 2.571182053 MHz

@ 6. Tap the "Measurement Zoom" icon on the toolbar for a second or so.

A context menu with further options is displayed.
7. Select "Adapt Hardware to Zoom (selected diagram)".

The span of the measurement is changed, and due to the automatic coupling of the
span to the sweep time, RBW and VBW, those values are also changed. The num-
ber of sweep points is restored to the default 1001. The range of the trace is the
same as in the graphical zoom. However, due to the smaller RBW filter, the peak is
narrower.

Multiview =8 Spectrum X | Spectrum 2 # X IQ Analyzer #* X

Ref Level -2
Att B | SWT 140 ms ) 3 Mode Auto FFT
1 Frequency Sweep el
M1[1] | -30.05 dBm
64.00000 MHz

CF 64.120793788 MHz 1001 pts 257.12 kHz/ Span 2.571182053 MHz|

e
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4.3.9 Saving Settings

To restore the results of our measurements later, we will store the instrument settings
to a file.

To save the instrument settings to a file
1.
=

Tap the "Save" icon in the toolbar.

:
Press the keyboard key on the front panel to display the on-screen keyboard, as

you will have to enter text in the next step.

3. Inthe "Save" dialog box, tap the "File Name" field and enter MyMultiViewSetup
using the external or onscreen keyboard.
Keep the default "File Type" setting "Instrument with all Channels" to store the con-
figuration of all channels.

Save

Quick Save Save

[gi¥/=H :) Operat ~ Path: user (C:/R_S/instr/user
Dri _’(C)O Patt (C:/R_S/i / )

1 chan_tab
1 ovl
1 EUTRA_Backup

_1gen

File Name

Comment

File Type Items:

Instrument W

with all Channels Current Settings

Current Channel: r All Traces
Spectrum 2

Figure 4-20: Saving the instrument settings to a file
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4. Tap the "Save" button.
The file MyMultiviewSetup.dfl is stored in the default directory C: /R S/
instr/user.

To load stored instrument settings

You can restore the settings to the instrument at any time using the settings file.

1. Press the [PRESET] button to restore the default instrument settings so you can
check that the stored user settings are actually restored afterwards.

g

Tap the "Load" icon in the toolbar.

3. Inthe "Load" dialog box, select the MyMultivViewSetup.dfl file in the default
directory C: /R_S/instr/user.

4. Tap the "Load" button.

All instrument settings are restored and the display should resemble Figure 4-19,
which shows the instrument display right before the settings were stored.

4.3.10 Printing and Saving Results

Finally, after a successful measurement, we will document our results. First we will
export the numeric trace data, then we will create a screenshot of the graphical display.

To export the trace data

1. Press the [TRACE] key on the front panel.

2. Tap the "Trace Config" softkey.

3. Tap the "Trace Export" tab.

4. Tap the "Export Trace to ASCII File" button.

5. Enter the file name MyPeakResults using the external or onscreen keyboard.

The trace data is stored to MyPeakResults.DAT

To create a screenshot of the display

=

Tap the "Print immediately" icon in the toolbar.

A screenshot of the current display is created. Note that the colors on the screen
are inverted in the screenshot to improve printout results.

2. In the "Save Hardcopy as Portable Network Graphics (PNG)" dialog box, enter a
file name, e.g. MyPeakDisplay.



R&S®FSW Getting Started

The screenshot is stored to MyPeakDisplay.png.

MultiView =8 Spectrum X  Spectrum 2 X | Spectrum 3 X IQ Analyzer

Ref Level -25.00 dBm RBW
Att dB ® SWT 15 VBW
1 Frequency Sweep
B -25.000 dBm

M1[1] -30.14 dBm

64,3260 MHZ

l
|

=
Span 940.0 MHz

CF 470.0 MHz
I -25.000 dBrm P 1 -25.000 dBrm

o

——TH -68.000 dBrm

|
I
[

TH -63.000 dB

\
l
!

4 vz 4 vzz 4 »23)
CF 68.12769... 254... 7.46...Span 74.61604... C... ... CF591.0 MHz 2077 pts Span 61.0 MHz
2 Marker Peak List

No ) 1e alu

1
4

6

aw ry 11.12.2017
-4 08:40:35

08:40:36 11.12.2017

Figure 4-21: Screenshot of the current display

4.4 Operating the Instrument

This chapter provides an overview on how to work with the R&S FSW. It describes:

® What kind of information is displayed in the diagram area

® How to operate the R&S FSW via the front panel keys and other interaction meth-
ods

® How to use the Online Help
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Risk of touchscreen damage

Inappropriate tools or excessive force can damage the touchscreen.

Observe the following instructions when operating the touchscreen:

441

® Never touch the screen with ball point pens or other sharp objects, use your fingers

instead.

As an alternative, you can use a stylus pen with a smooth soft tip.
® Never apply excessive force to the screen. Touch it gently.
® Never scratch the screen surface, for example with a finger nail.
® Never rub the screen surface strongly, for example with a dust cloth.

For instructions on cleaning the screen, see Chapter 14.1, "Cleaning",

on page 1356.
e Understanding the Display Information.............coooiii e 83
o Accessing the FUNCHONAIITY........c.ueiiiiiiiiie e 93
®  Changing the FOCUS......oiuiiiii e 97
L I = o1 (Y o [ 7 - T 98
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o  Displaying RESUILS.........ccuiiiiiieiie e e e e e e e e 104
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Understanding the Display Information

The following figure shows a measurement diagram in Spectrum mode. All different
information areas are labeled. They are explained in more detail in the following sec-
tions.
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Getting Started

4411

MultiView =2 Spectrum !0
Ref Level 0.00 cBm RB!
Att 10dB  SWI 7

1 Frequency Sweep

Lol 1
L ! ~ " i

L’I_‘I U LA AN ‘1_1[
1001 pts Span 26.5 GHz

- Measuring... D:D:D]:D]

1 = Channel bar for firmware and measurement settings

2+3 = Window title bar with diagram-specific (trace) information

4 = Diagram area with marker information

5 = Diagram footer with diagram-specific information, depending on measurement application
6 = Instrument status bar with error messages, progress bar and date/time display

Hiding elements in the display

You can hide some of the elements in the display, for example the status bar or chan-
nel bar, to enlarge the display area for the measurement results. ("Setup > Display >
Displayed Items")

For details, see the R&S FSW User Manual.

L O] ot T o T 1= I 7= T N 84
I VAV To o o VA WYY = = T 88
0 Marker INfOrmMation..........ei i s e e e b aeees 89
e Frequency and Span Information in Diagram Footer........cccccoveieiiiiiiiiiiiniiiieeeeeeies 90
o Instrument and Status Information..............cooeuiiiiiiii e 90
L I 4 o Tl [ {0] 4 aF=1 (o] o VO 91

Channel Bar

Using the R&S FSW you can handle several different measurement tasks (channels)
at the same time (although they can only be performed asynchronously). For each
channel, a separate tab is displayed on the screen. To switch from one channel display
to another, simply select the corresponding tab.

s
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MultiView 322 Spectrum

Ref Level 0.00 dBm
Att 10 dB  SWT 795 ms
TRG:IFP{70MHz) TDF

If many tabs are displayed, select the tab selection list icon at the right end of the chan-
nel bar. Select the channel you want to switch to from the list.

MultiView

Spectrum

Spectrum 2

Analog Demod
v IQ Analyzer

MultiView tab

An additional tab labeled "MultiView" provides an overview of all active channels at a
glance. In the "MultiView" tab, each individual window contains its own channel bar
with an additional button. Tap this button, or double-tap in any window, to switch to the
corresponding channel display quickly.

MultiView 582 Spectrum

Ref Level 0
Att
1 Frequency Sweep

Spectrum

Icons in the channel bar

The H yellow star icon on the tab label (sometimes referred to as a "dirty flag") indi-
cates that invalid or inconsistent data is displayed, that is: the trace no longer matches
the displayed instrument settings. Thiscan happen, for example, when you change the
measurement bandwidth, but the displayed trace is still based on the old bandwidth. As
soon as a new measurement is performed or the display is updated, the icon disap-
pears.

The Hicon indicates that an error or warning is available for that measurement chan-
nel. This is particularly useful if the MultiView tab is displayed.

An orange "lIQ" (in MSRA mode only) indicates that the results displayed in the MSRA
slave application(s) no longer match the data captured by the MSRA Master. The "IQ"
disappears after the results in the slave application(s) are refreshed.

The € icon indicates the currently active channel during an automatic measurement
sequence (Sequencer functionality).

|
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Channel-specific settings

Beneath the channel name, information on channel-specific settings for the measure-
ment is displayed in the channel bar. Channel information varies depending on the
active application.

In the Spectrum application, the R&S FSW shows the following settings:

Table 4-4: Channel settings displayed in the channel bar in the Spectrum application

Ref Level Reference level

m.+el.Att Mechanical and electronic RF attenuation that has been set.
Ref Offset Reference level offset

SWT Sweep time that has been set.

If the sweep time does not correspond to the value for automatic coupling,
a bullet is displayed in front of the field. The color of the bullet turns red if
the sweep time is set below the value for automatic coupling. In addition,
the UNCAL flag is shown. In this case, the sweep time must be increased.

For FFT sweeps, an estimated duration for data capture and processing is
indicated behind the sweep time in the channel bar.

Meas Time/AQT Measurement (acquisition) time, calculated from analysis bandwidth and
number of samples (for statistics measurements)

RBW Resolution bandwidth that has been set.

If the bandwidth does not correspond to the value for automatic coupling,
a green bullet appears in front of the field.

VBW Video bandwidth that has been set.

If the bandwidth does not correspond to the value for automatic coupling,
a green bullet is displayed in front of the field.

AnBW Analysis bandwidth (for statistics measurements)
Compatible Compatible device mode (FSP, FSU, default; default not displayed)
Mode Indicates which sweep mode type is selected:

® "Auto FFT": automatically selected FFT sweep mode

®  "Auto sweep": automatically selected swept sweep mode
®  "Sweep": manually selected frequency sweep mode

® "FFT": manually selected FFT sweep mode

Icons for individual settings

A bullet next to the setting indicates that user-defined settings are used, not automatic
settings. A green bullet indicates this setting is valid and the measurement is correct. A
red bullet indicates an invalid setting that does not provide useful results.

Common settings

The channel bar above the diagram not only displays the channel-specific settings. It
also displays information on instrument settings that affect the measurement results
even though it is not immediately apparent from the display of the measured values.
This information is displayed in gray font and only when applicable for the current mea-
surement, as opposed to the channel-specific settings that are always displayed.



MultiView
Ref Level |

Att
TRG:IFF

Getting Started

Spectrum

dBim
10 dB
71 TOF

SWT 7 Mode Autc

The following types of information are displayed, if applicable.

Table 4-5: Common settings displayed in the channel bar

"SGL" The sweep is set to single sweep mode.
"Sweep The current signal count for measurement tasks that involve a specific number of subse-
Count” quent sweeps
(see "Sweep Count" setting in "Sweep settings" in the User Manual)
"TRG" Trigger source
(for details see "Trigger settings" in the User Manual)
e  BBP: Baseband power (with Digital Baseband Interface R&S FSW-B17 only)
® EXT: External
®  GP_0: General purpose bit (with Digital Baseband Interface R&S FSW-B17 only)
® IFP: IF power (+trigger bandwidth)
®  PSE: Power sensor
®  RFP: RF power
e SQL: Squelch
e TIM: Time
e VID: Video
"6dB"/"RRC"/" | Filter type for sweep bandwidth
CHN" See " Filter Type " on page 344
"PA"/Ext "PA" | The preamplifier is activated. / Data compensation is performed using data from the
(optional) external preamplifier.
"YIG Bypass" | The YIG filter is deactivated.
"GAT" The frequency sweep is controlled via the TRIGGER INPUT connector.
"TDF" A transducer factor is activated.
"75 Q" The input impedance of the instrument is set to 75 Q.
"FRQ" A frequency offset # 0 Hz is set.
"DC/AC" DC or AC coupling is used for the input.
"ExtMix" An external mixer is activated for input (requires option R&S FSW-B21); the used band is
<band> also indicated
<"NOR" | The R&S FSW is controlling an external generator (requires option R&S FSW-B10).
APR"> NOR: the measurements are normalized with the results of the external generator cali-
"Ext. Gen" bration

APR (approximation): the measurements are normalized with the results of the external
generator calibration; however, the measurement settings have been changed since cali-
bration

If neither label is displayed, no calibration has been performed yet or normalization is not
active.

For details, see Chapter 7.2.4, "Optional External Generator Control", on page 378.
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"LvVL" A level offset is applied to the external generator signal (only if external generator control
is active).

"Inp: Input 2" | For R&S FSW85 models with two RF input connectors only: the second input connector
"RF2" is the current input source for the channel

Changing the Channel Name

The measurement channels are labeled with their default name. If that name already
exists, a sequential number is added. You can change the name of the measurement
channel by double-tapping the name in the channel bar and entering a new name.

For an overview of default names, see INSTrument:LIST? on page 818.

Note: Channel name restrictions. Channel names can have a maximum of 31 charac-
ters, and must be compatible with the Windows conventions for file names. In particu-
lar, they must not contain special characters such as ":", "*", "?".

Remote command:
INSTrument : REName on page 821

4.4.1.2 Window Title Bar

Each channel in the R&S FSW display can contain several windows. Each window can
display either a graph or a table as a result of the channel measurement. Which type of
result evaluation is displayed in which window is defined in the display configuration
(see Chapter 4.4.6, "Displaying Results", on page 104). The window title bar indicates
which type of evaluation is displayed.

Double-tap the window title bar to enlarge the window temporarily. Double-tap it again
to restore the original size.

See also Chapter 4.4.6.4, "Switching Between a Split and Maximized Window Display",
on page 110.

Trace Information in Window Title Bar

Information on the displayed traces is indicated in the window title bar.

o 1AP Clrw Smth 2%

1273

(1) Trace color Color of trace display in diagram
(2) Trace no. Trace number (1 to 6)
(3) Detector Selected detector:

AP AUTOPEAK detector

Pk MAX PEAK detector

Mi MIN PEAK detector
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Sa SAMPLE detector
Av AVERAGE detector
Rm RMS detector
QP QUASIPEAK detector
(4) Trace Mode Sweep mode:
Clrw CLEAR/WRITE
Max MAX HOLD
Min MIN HOLD
Avg AVERAGE (Lin/Log/Pwr)
View VIEW
(5) Smoothing factor Smth Smoothing factor, if enabled.
(See " Smoothing " on page 581)
Norm/NCor Correction data is not used.

4.4.1.3 Marker Information

Marker information is provided either in the diagram grid or in a separate marker table,
depending on the configuration.

Marker information in diagram grid

Within the diagram grid, the x-axis and y-axis positions of the last two markers or delta
markers that were set are displayed, if available, as well as their index. The value in
the square brackets after the index indicates the trace to which the marker is assigned.
(Example: M2[1] defines marker 2 on trace 1.) For more than two markers, a separate
marker table is displayed beneath the diagram by default.

Marker information in marker table

In addition to the marker information displayed within the diagram grid, a separate
marker table may be displayed beneath the diagram. This table provides the following
information for all active markers:

Type Marker type: N (normal), D (delta), T (temporary, internal), PWR (power sensor)
Ref Reference (for delta markers)

Trc Trace to which the marker is assigned

X-value X-value of the marker

Y-value Y-value of the marker

Func Activated marker or measurement function

Func .Result Result of the active marker or measurement function
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The functions are indicated with the following abbreviations:

FXD Fixed reference marker

PHNoise Phase noise measurement

CNT Signal count

TRK Signal tracking

NOlse Noise measurement

MDepth AM modulation depth

TOI Third order intercept measurement

4.41.4 Frequency and Span Information in Diagram Footer
The information in the diagram footer (beneath the diagram) depends on the current
application, measurement, and result display.

For a default measurement in the Spectrum mode, the Diagram result display contains
the following information, for example:

Label Information

CF Center frequency

Span Frequency span (frequency domain display)

ms/ Time per division (time domain display)

Pts Number of sweep points or (rounded) number of currently displayed points in zoom
mode

4.4.1.5 Instrument and Status Information

Global instrument settings and functions (such as LXI configuration mode), the instru-
ment status and any irregularities are indicated in the status bar beneath the diagram.

Sweep Time too low Ready lllllllll ::] LI 05'11: :10 _1‘;

In the MultiView tab, the status bar always displays the information for the currently
selected measurement.

The following information is displayed:

Instrument status

The instrument is configured for operation with an external reference.

The optional Digital Baseband Interface (R&S FSW-B17) is being used for digital
input

For details on the Digital Baseband Interface (R&S FSW-B17), see the R&S FSW 1/Q
Analyzer User Manual.
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g ouT The optional Digital Baseband Interface (R&S FSW-B17) is being used to provide
—— digital output.

For details on the Digital Baseband Interface (R&S FSW-B17), see the R&S FSW 1/Q
Analyzer User Manual.

The optional Digital I/Q 40G Streaming Output Connector (R&S FSW-B517) is being

== used to provide digital output.
For details on the Digital I/Q 40G Streaming Output Connector, see the R&S FSW
I/Q Analyzer User Manual.
Progress

The progress of the current operation is displayed in the status bar.

Measuring... [T

In the MultiView tab, the progress bar indicates the status of the currently selected
measurement, not the measurement a Sequencer is currently performing, for example.

Date and time
The date and time settings of the instrument are displayed in the status bar.

22.09.2011

10:39:44

Error messages

If errors or irregularities are detected, a keyword and an error message, if available,
are displayed in the status bar.

4.4.1.6 Error Information

If errors or irregularities are detected, a keyword and an error message, if available,
are displayed in the status bar.

synchronization failed. Check for all zero signal.

Depending on the type of message, the status message is indicated in varying colors.

Table 4-6: Status bar information - color coding

Color Type Description

Red Error An error occurred at the start or during a measurement, e.g. due to missing
data or wrong settings, so that the measurement cannot be started or com-
pleted correctly.

Orange Warning An irregular situation occurred during measurement, e.g. the settings no lon-
ger match the displayed results, or the connection to an external device was
interrupted temporarily.

Gray Information Information on the status of individual processing steps.
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Color Type Description

No color No errors No message displayed - normal operation.

Green Measurement | Some applications visualize that the measurement was successful by show-
successful ing a message.

next to the channel name (B). This is particularly useful when the MultiView tab is dis-
played, as the status bar in the MultiView tab always displays the information for the
currently selected measurement only.

6 If any error information is available for a channel, an exclamation mark is displayed

Furthermore, a status bit is set in the STATus :QUEStionable:EXTended: INFO reg-
ister for the application concerned (see "STATus:QUEStionable:EXTended:INFO Reg-
ister" on page 756). Messages of a specific type can be queried using the
SYST:ERR:EXT? command, see SYSTem: ERRor : EXTended? on page 1276.

Table 4-7: List of keywords

DATA ERR For the optional Digital Baseband Interface only:
Error in digital 1/Q input data

For details on the optional Digital Baseband Interface, see the R&S FSW I/Q Ana-
lyzer User Manual.

FIFO OVLD For Digital Baseband Interface (R&S FSW-B17) only:
Input sample rate from connected instrument is too high

For details on the optional Digital Baseband Interface, see the R&S FSW I/Q Ana-
lyzer User Manual.

IF OVLD Overload of the IF signal path in the A/D converter or in the digital IF.
® Increase the reference level.

INPUT OVLD The signal level at the RF input connector exceeds the maximum.

The RF input is disconnected from the input mixer to protect the device. To re-enable
measurement, decrease the level at the RF input connector and reconnect the RF
input to the mixer input.

(See "RF Input Protection" in the R&S FSW User Manual).

LOUNL Error in the instrument's frequency processing hardware was detected.

NO REF Instrument was set to an external reference but no signal was detected on the refer-
ence input.

OVEN The optional OCXO reference frequency has not yet reached its operating tempera-
ture. The message usually disappears a few minutes after power has been switched
on.

OVLD Overload of the input signal path after the input mixer; (only when RF input path is

NOT used, e.g. for input from the optional Digital Baseband Interface or the optional

Analog Baseband Interface).

®  Reduce the input level.

®  For instruments with the option R&S FSW-U85, when measuring signals higher
than 43 GHz and levels higher than -10 dBm, increase the manual attenuation.

PLL UNLOCK For the optional Digital Baseband Interface only:
Error in digital 1/Q input data

For details on the optional Digital Baseband Interface, see the R&S FSW I/Q Ana-
lyzer User Manual.
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RF OVLD Overload of the input mixer or of the analog IF path.
® Increase the RF attenuation (for RF input).
®  Reduce the input level (for digital input)

UNCAL One of the following conditions applies:

®  Correction data has been switched off.

®  No correction values are available, for example after a firmware update.

®  Record the correction data by performing a self alignment
(For details refer to Chapter 4.1.1.6, "Performing a Self-Alignment and a Self-
test", on page 30).

WRONG_FW The firmware version is out-of-date and does not support the currently installed hard-
ware. Until the firmware version is updated, this error message is displayed and self-
alignment fails.

(For details refer to Chapter 11.6.4, "Firmware Updates", on page 701).

4.4.2 Accessing the Functionality

All tasks necessary to operate the instrument can be performed using this user inter-
face. Apart from instrument specific keys, all other keys that correspond to an external
keyboard (e.g. arrow keys, ENTER key) operate conform to Microsoft.

For most tasks, there are at least 2 alternative methods to perform them:

® Using the touchscreen
® Using other elements provided by the front panel, e.g. the keypad, rotary knob, or
arrow and position keys.

The measurement and instrument functions and settings can be accessed by selecting
one of the following elements:

e System and function keys on the front panel of the instrument

® Softkeys on the touchscreen

® Context menus for specific elements on the touchscreen

® |cons on the tool bar in the touchscreen

® Displayed setting on the touchscreen

4421 Toolbar

Standard functions can be performed via the icons in the toolbar at thetop of the
screen.

area for the measurement results ("Setup > Display > Displayed Items"). See the

@ You can hide the toolbar display, e.g. when using remote control, to enlarge the display
R&S FSW User Manual for details.

The following functions are available:
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Table 4-8: Standard Application Functions in the Toolbar

Description

Windows: displays the Windows "Start" menu and task bar

Open: opens a file from the instrument ("Save/Recall" menu)

Store: stores data on the instrument ("Save/Recall" menu)

Print: defines print settings ("Print" menu)

Undo: reverts last operation

Redo: repeats previously reverted operation

Selection mode: the cursor can be used to select (and move) markers in a zoomed display

(This function is only available and required for older instruments that do not support multi-touch
gestures.)

F"'- Measurement zoom: applies to the next display you select;

Displays a dotted rectangle in the diagram that can be expanded to define the zoom area; the
selected diagram is replaced by a new diagram with adapted measurement settings which dis-
plays the selected extract of the trace.

Also provides a context menu to determine the firmware behavior for touch gestures:

® "Level Lock"
(Default:) The reference level (and thus the attenuation) remains unchanged during touch
gestures on the screen.

o "X-Lock"
The x-axis of the diagram is not changed during subsequent touch gestures.
® "Y-Lock"

The y-axis of the diagram is not changed during subsequent touch gestures.
®  "Adapt Hardware to Zoom (selected diagram)"
Automatically adapts the measurement settings to the currently zoomed display

(Graphical) Zoom mode: applies to the next display you select;

=] Displays a dotted rectangle in the diagram that can be expanded to define the zoom area; the
selected diagram is replaced by a new diagram which displays an enlarged extract of the trace.

This function changes the behavior of finger gestures such as dragging or stretching a finger
(see also "Touch gestures in diagrams change measurement settings" on page 103)

Multiple (graphical) zoom mode: applies to the next display you select;
== Allows you to enlarge several different areas of the trace simultaneously.

Displays a dotted rectangle in the diagram that can be expanded to define the zoom area; a
subwindow is added to display an enlarged extract of the trace

This function changes the behavior of finger gestures such as dragging or stretching a finger
(see also "Touch gestures in diagrams change measurement settings" on page 103)
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Description

Zoom off: displays the diagram in its original size

This function only restores graphically zoomed displays. Measurement zooms, for which mea-
surement settings were adapted, remain untouched.

. [E
Lol o | S
8

Data shift: Shifts the data to be evaluated in the result display and re-evaluates the new data.

Currently, this function is only available in the Transient Analysis application.

Data zoom: Decreases the amount of data to be evaluated in the result display and re-evaluates
the new data, thus enlarging the display of the remaining data.

Currently, this function is only available in the Transient Analysis application.

[ E

SmartGrid: activates "SmartGrid" mode to configure the screen layout

Sequencer: opens the "Sequencer" menu to perform consecutive measurements

SCPI Recorder: opens a dialog to record SCPI commands during operation

Help (+ Select): allows you to select an object for which context-specific help is displayed

Help: displays context-sensitive help topic for currently selected element

08 E

Print immediately: prints the current display (screenshot) as configured

In "SmartGrid" mode only:

X

Exit "SmartGrid" mode

4.4.2.2 Softkeys

Softkeys are virtual keys provided by the software. Thus, more functions can be provi-
ded than those that can be accessed directly via the function keys on the instrument.
Softkeys are dynamic, i.e. depending on the selected function key, a different list of
softkeys is displayed on the right side of the screen.

A list of softkeys for a certain function key is also called a menu. Softkeys can either
perform a specific function or open a dialog box.

The "More" softkey indicates that the menu contains more softkeys than can be dis-
played at once on the screen. When pressed, it displays the next set of softkeys.
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Recognizing the softkey status by color

Color Meaning

Orange Associated dialog box is open

Blue Associated function is active; for toggle keys: currently active state

Gray Instrument function is temporarily not available due to a specific setting or missing option

R\ You can hide the softkey display, e.g. when using remote control, to enlarge the display

4423

) area for the measurement results ("Setup > Display > Displayed ltems"). See the User

Manual for details.

Context Menus

Several items in the diagram area have context menus, such as traces, markers, soft-

keys, or settings in the channel bar. If you right-click on one of these items (or tap it for
about 1 second), a menu is displayed with context-specific menu items for the selected
item.

If SCPI Recording is available, the context menu contains a link to the SCPI recorder
functions and a link to a help topic for the specific item.

For details, see Chapter 12.4.1, "The Context-Sensitive SCPI Command Menu",
on page 768.

N Show SCPI result query commands

Help

Figure 4-22: Context menu for a result display with SCPI Recorder functions

If SCPI Recorder functions are not available, for example for channel bar settings or in
some applications, the context menu contains functions for the selected item. These
functions correspond to the functions also provided for the item in softkey menus. This
is useful, for example, when the softkey display is hidden.
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Multiview 22 Spectrum !

Ref Level 0.00 dBm
Att 10dB  SWT 795 ms Res BW Manual
1 Frequency Sweep v Res BW Auto
Yideo BW Manual
v Yideo BW Auto
Sweep Time Manual
v Sweep Time Auto
Bandwidth Config

Figure 4-23: Context menu for channel bar setting

4424 On-screen Keyboard

The on-screen keyboard is an additional means of interacting with the instrument with-
out having to connect an external keyboard.

Enter

N\ Shift

R

The on-screen keyboard display can be switched on and off as desired using the "On-
Screen Keyboard" function key beneath the screen.

B

When you press this key, the display switches between the following options:

e Keyboard displayed at the top of the screen
® Keyboard displayed at the bottom of the screen
® No keyboard displayed

You can use the TAB key on the on-screen keyboard to move the focus from one field
to another in dialog boxes.

4.4.3 Changing the Focus

Any selected function is always performed on the currently focused element in the dis-
play, e.g. a dialog field, diagram, or table row. Which element is focused is indicated by
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a blue frame (diagram, window, table) or is otherwise highlighted (softkey, marker etc.).
Moving the focus is most easily done by tapping on the element on the touchscreen.
Alternatively, use the "Tab" key on the on-screen keyboard or the rotary knob to move
the focus from one element to the next on the display.

@ To move the focus between any displayed diagrams or tables in a window, press the
"Change focus" key on the front panel. The focus moves from the diagram to the first
table to the next table etc. and then back to the diagram, within the same window.

In fullscreen mode, where a single window is displayed in full size on the screen, this
key switches the focus (and the display) from one active window to the next.

4.4.4 Entering Data

Data can be entered in dialog boxes using one of the following methods:

® Using the touchscreen, via the on-screen keyboard

® Using other elements provided by the front panel, e.g. the keypad, rotary knob, or
navigation keys
The rotary knob acts like the [ENTER] key when it is pressed.

® Using a connected external keyboard

Transparent dialog boxes

You can change the transparency of the dialog boxes to see the results in the windows
behind the dialog box. Thus, you can see the effects that the changes you make to the
settings have on the results immediately.

To change the transparency, select the transparency icon at the top of the dialog box.
A slider is displayed. To hide the slider, select the transparency icon again.

(The title bar of the dialog box is always slightly transparent and is not affected by the
slider.)

6 Particularities in Windows dialog boxes

In some cases, e.qg. if you want to install a printer, original Windows dialog boxes are
used. In these dialog boxes, the rotary knob and function keys do not work. Use the
touchscreen instead.

4.4.41 Entering Numeric Parameters
If a field requires numeric input, the keypad provides only numbers.

1. Enter the parameter value using the keypad, or change the currently used parame-
ter value by using the rotary knob (small steps) or the [UP] or [DOWN] keys (large
steps).
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2. After entering the numeric value via keypad, press the corresponding unit key.
The unit is added to the entry.

3. If the parameter does not require a unit, confirm the entered value by pressing the
[ENTER] key or any of the unit keys.
The editing line is highlighted to confirm the entry.

4.4.4.2 Entering Alphanumeric Parameters

If a field requires alphanumeric input, you can use the on-screen keyboard to enter
numbers and (special) characters (see Chapter 4.4.2.4, "On-screen Keyboard",
on page 97).

Alternatively, you can use the keypad. Every alphanumeric key represents several
characters and one number. The decimal point key (.) represents special characters,
and the sign key (-) toggles between capital and small letters. For the assignment,
refer to Table 4-9.

You can change the default behavior of the keypad for text input. This is useful if you
frequently enter numeric values in text fields, for example to define file names consist-
ing of numbers.

For details, see "Number block behavior" on page 705.

To enter numbers and (special) characters via the keypad
1. Press the key once to enter the first possible value.
2. All characters available via this key are displayed.

3. To choose another value provided by this key, press the key again, until your
desired value is displayed.

4. With every key stroke, the next possible value of this key is displayed. If all possi-
ble values have been displayed, the series starts with the first value again. For
information on the series, refer to Table 4-9.

5. To change from capital to small letters and vice versa, press the sign key (-).

6. When you have chosen the desired value, wait for 2 seconds (to use the same key
again), or start the next entry by pressing another key.

To enter a blank

» Press the "Space" bar, or press the "0" key and wait 2 seconds.

To correct an entry
1. Using the arrow keys, move the cursor to the right of the entry you want to delete.

2. Press the [BACKSPACE] key.

The entry to the left of the cursor is deleted.
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3. Enter your correction.

To complete the entry

> Press the [ENTER] key or the rotary knob.

To abort the entry

» Press the [ESC] key.
The dialog box is closed without changing the settings.

Table 4-9: Keys for alphanumeric parameters

Key name Series of (special) characters and number provided

(upper inscription)

7 TUQ°€¥S¢

8 ABC8AZAC

9 DEF9E

4 GHI4

5 JKL5

6 MNOGBNO

1 PQRS1

2 TUV2U

3 WXYZ3

0 <blank>0-@ +/\<>=% &
"7 (O #

- <toggles between capital and small letters>

4.4.5 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.

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.
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Figure 4-24: Tapping

Double-tapping
Tap the screen twice, in quick succession.

Double-tap a diagram or the window title bar to maximize a window in the display, or to
restore the original size.

Dragging

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

L)
7

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.

e MM““W i i \MM o |i

\‘,

“"‘i““"“f“‘“ “H fi V ‘1!"‘%#\‘ ”"W‘ il |\u I IM ‘W’ wn il

Figure 4-25: Dragging

Pinching and spreading two fingers

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

When you pinch two fingers in the display, you decrease the size of the currently dis-
played area, showing the surrounding areas previously out of view.

N/
& O

When you spread two fingers in the display, you increase the size of the currently dis-
played area, showing more details.

You can pinch or spread your fingers vertically, horizontally, or diagonally. The direction
in which you move your fingers determines which dimension of the display is changed.
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Figure 4-26: Pinching
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Figure 4-27: Spreading

e
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6 Touch gestures in diagrams change measurement settings

When you change the display using touch gestures, the corresponding measurement
settings are adapted. This is different to selecting an area on the screen in zoom
mode, where merely the resolution of the displayed trace points is changed temporarily
(graphical zoom).

For example:
® Dragging horizontally in a spectrum display changes the center frequency.

® Dragging vertically in a power vs frequency (spectrum) or power vs. time display
changes the reference level (for absolute scaling) or the min and max power val-
ues (for relative scaling).

® Dragging horizontally in a time domain display changes the trigger offset value (if
available, not in free run).

® Spreading or pinching a spectrum display changes the center frequency and span
(horizontal) or reference level and range (vertical), or a combination of these set-
tings (diagonal).

® Spreading or pinching a time domain display changes the sweep time and trigger
offset (horizontal) or reference level position and range (vertical), or a combination
of these settings (diagonal).

You can prevent the firmware from changing specific settings using the options in the
context menu for the measurement zoom icon. By default, the reference level is locked
and thus not changed automatically due to touch gestures.

(See "Measurement Zoom" on page 508).

v Level-Lock
X-Lock
Y-Lock

Adapt Measurement to Zoom (selected diagram)

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 4-10: 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
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Mouse operation Touch operation
Drag-&-drop (= click and hold, then drag and Touch, then drag and release
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 bor- Touch, then drag and release
ders of the displayed rectangle to change its size

Example:

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

4.4.6 Displaying Results

The R&S FSW provides several instrument applications for different analysis tasks and
different types of signals, e.g. 3G FDD, 1/Q analysis or basic spectrum analysis. For
each application, a new measurement channel is created and displayed in a separate
tab on the screen.

The results of a measurement channel can be evaluated in many different ways, both
graphically and numerically. For each evaluation method the results are displayed in a
separate window in the tab.

The R&S FSW allows you to configure the display to suit your specific requirements
and optimize analysis.

4.4.6.1 Activating and Deactivating Channels

When you activate an application, a new measurement channel is created which deter-
mines the measurement settings for that application. The same application can be acti-
vated with different measurement settings by creating several channels for the same
application. Whenever you switch channels, the corresponding measurement settings
are restored. Each channel is displayed in a separate tab on the screen.

An additional tab ("MultiView") provides an overview of all currently active channels at
once.

Only one measurement can be performed at any time, namely the one in the currently
active channel. However, in order to perform the configured measurements consecu-
tively, a Sequencer function is provided.
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MultiView S8 Spectrum #* X Spectrum 2 #* X Spectrum 3 X 1IQ Analyzer

— RefLevel " 7 - 5 Reflev
pectrum ) ., pectrum At

1 Frequency Sweep drw 1 Frequency Sweep
I

1001 pts 2.0 MHz/

CF 64.0 MHz - Frame # 0 | CF 500.0 MHz

s & 3 RefLe o s 10 Anal Ref Lews
Spectrum 3 o e . Qanalyzer o

1 2ern Span -
1 Real/Imag (I/Q) Real

1 Real/Imag (I/Q) Imag

CF 64.0 MHz 1001 pts 101.0 ps/ | [CF 64.0 MHz 1001 pts

To start a new channel

1. Select the [Mode] key.

2. Inthe "Mode" dialog box, select the required application on the "New Channel" tab.
A new tab is displayed for the new channel.

Remote command:

INSTrument:CREate [ :NEW] on page 817/ INSTrument : CREate:DUPLicate

on page 817

To change the application in an active channel

1. Select the tab of the channel you want to change.

2. Select the [Mode] key.

3. Inthe "Mode" dialog box, select the new application to be displayed on the
"Replace Current Channel" tab.
The selected application is displayed in the current channel.

Remote command:

INSTrument:CREate:REPLace on page 818

To close a measurement channel

> X

User Manual 1173.9411.02 — 41 105



R&S®FSW Getting Started

Select the "Close" icon on the tab of the measurement channel.

The tab is closed, any running measurements are aborted, and all results for that
channel are deleted.

Remote command:

INSTrument :DELete on page 818

4.4.6.2 Laying out the Result Display with the SmartGrid

Measurement results can be evaluated in many different ways, for example graphically,
as summary tables, statistical evaluations etc. Each type of evaluation is displayed in a
separate window in the channel tab. Up to 16 individual windows can be displayed per
channel (i.e. per tab). To arrange the diagrams and tables on the screen, the Rohde &
Schwarz SmartGrid function helps you find the target position simply and quickly.

Principally, the layout of the windows on the screen is based on an underlying grid, the
SmartGrid. However, the SmartGrid is dynamic and flexible, allowing for many different
layout possibilities. The SmartGrid functionality provides the following basic features:

® Windows can be arranged in columns or in rows, or in a combination of both.
® Windows can be arranged in up to four rows and four columns.

® Windows are moved simply by dragging them to a new position on the screen, pos-
sibly changing the layout of the other windows, as well.

® All evaluation methods available for the currently selected measurement are dis-
played as icons in the evaluation bar. If the evaluation bar contains more icons
than can be displayed at once on the screen, it can be scrolled vertically. The same
evaluation method can be displayed in multiple windows simultaneously.

® New windows are added by dragging an evaluation icon from the evaluation bar to
the screen. The position of each new window depends on where you drop the eval-
uation icon in relation to the existing windows.

e All display configuration actions are only possible in SmartGrid mode. When Smart-
Grid mode is activated, the evaluation bar replaces the current softkey menu dis-
play. When the SmartGrid mode is deactivated again, the previous softkey menu
display is restored.

e Background Information: The SmartGrid Principle..........cccoooiiiiiiiiiiieee 106
e How to Activate SmartGrid Mode........c.cooiiiiiiiiice e 108
o How to Add a New Result WINAOW........ccooeiiiiiiiiiiceeeeeere e 108
o How to Close @ ReSUIt WINAOW.......uuuiiiiieeeeeiiicccieieieeee e e sneere e e e e e e e e e 109
e How to Arrange the Result WINdOWS..........cooov e 109

Background Information: The SmartGrid Principle

SmartGrid display

During any positioning action, the underlying SmartGrid is displayed. Different colors
and frames indicate the possible new positions. The position in the SmartGrid where
you drop the window determines its position on the screen.
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1 Frequency Sweep

Diagram

Spectrogram

PEAK

Marker Fjgak List

Figure 4-28: Moving a window in SmartGrid mode

The brown area indicates the possible "drop area" for the window, i.e. the area in which
the window can be placed. A blue area indicates the (approximate) layout of the win-
dow as it would be if the icon were dropped at the current position. The frames indicate
the possible destinations of the new window with respect to the existing windows:
above/below, right/left or replacement (as illustrated in Figure 4-29). If an existing win-
dow would be replaced, the drop area is highlighted in a darker color shade.

Positioning the window

The screen can be divided into up to four rows. Each row can be split into up to four
columns, where each row can have a different number of columns. However, rows
always span the entire width of the screen and may not be interrupted by a column. A
single row is available as the drop area for the window in the SmartGrid. The row can
be split into columns, or a new row can be inserted above or below the existing row (if
the maximum of 4 has not yet been reached).

Figure 4-29: SmartGrid window positions

1 = Insert row above or below the existing row
2 = Create a new column in the existing row
3 = Replace a window in the existing row
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SmartGrid functions

Once the evaluation icon has been dropped, icons in each window provide delete and
move functions.

The "Move" icon allows you to move the position of the window, possibly changing the
size and position of the other displayed windows.

The "Delete" icon allows you to close the window, enlarging the display of the remain-
ing windows.

How to Activate SmartGrid Mode

All display configuration actions are only possible in SmartGrid mode. In SmartGrid
mode the evaluation bar replaces the current softkey menu display. When the Smart-
Grid mode is deactivated again, the previous softkey menu display is restored.

» To activate SmartGrid mode, do one of the following:
=
Select the "SmartGrid" icon from the toolbar.

e Select the "Display Config" button in the configuration "Overview" .
e Select the "Display Config" softkey from the [MEAS CONFIG] menu.

The SmartGrid functions and the evaluation bar are displayed.

To close the SmartGrid mode and restore the previous softkey menu select the "Close”
icon in the right-hand corner of the toolbar, or press any key.

How to Add a New Result Window
Each type of evaluation is displayed in a separate window. Up to 16 individual windows
can be displayed per channel (i.e. per tab).

1. Activate SmartGrid mode.

All evaluation methods available for the currently selected measurement are dis-
played as icons in the evaluation bar.

2. Select the icon for the required evaluation method from the evaluation bar.
If the evaluation bar contains more icons than can be displayed at once on the
screen, it can be scrolled vertically. Touch the evaluation bar between the icons
and move it up or down until the required icon appears.

3. Drag the required icon from the evaluation bar to the SmartGrid, which is displayed
in the diagram area, and drop it at the required position. (See "How to Arrange the
Result Windows" on page 109 for more information on positioning the window).



Operating the Instrument

Remote command:

LAYout :ADD[:WINDow] ? on page 989/ LAYout :WINDow<n>:ADD? on page 994

How to Close a Result Window

» To close a window, activate SmartGrid mode and select the "Delete" icon for the
window.

Remote command:

LAYout :REMove [ : WINDow] on page 992 / LAYout : WINDow<n>:REMove
on page 995

How to Arrange the Result Windows

1. Select an icon from the evaluation bar or the "Move" icon for an existing evaluation
window.

2. Drag the evaluation over the SmartGrid.
A blue area shows where the window will be placed.

F.

3. Move the window until a suitable area is indicated in blue.

4. Drop the window in the target area.

The windows are rearranged to the selected layout, and "Delete" and "Move" icons
are displayed in each window.

5. To close a window, select the corresponding "Delete" icon.

Remote command:

LAYout:REPLace[:WINDow] on page 992 / LAYout :WINDow<n>:REPLace
on page 995

LAYout :MOVE [ : WINDow] on page 991
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4.4.6.3 Changing the Size of Windows

Each channel tab may contain several windows to evaluate the measurement results
using different methods. A "splitter" allows you to change the size of neighboring win-
dows.

1 Frequency Sweep k Clrw | 3 Marker Peak List

dBm No X-Value
#0 3.73600 GHz 1

cead i v | Nf" "\.‘I

[ L IFLTNY S

| I
CF 3.75 GHz 1001 pts 750.0 MHz} Span 7.5/ 4

2 Spectrogram ® 1Pk Clrw

CF 3.75 GHz 1001 pts Span 7.5 GHz Frame # 0

@ The splitters are not available in SmartGrid mode.

» To change the size of two neighboring windows, drag the splitter between the win-
dows in either direction.

4.4.6.4 Switching Between a Split and Maximized Window Display

To get an overview of the results, displaying several windows at the same time may be
helpful. However, the individual windows may become rather small. In this case it is
useful to maximize an individual window to the entire screen temporarily in order to
analyze the results in more detail.

= |

To switch between a split and a maximized display without having to close and re-open
windows, press the [SPLIT/MAXIMIZE] key on the front panel. In maximized display,
the currently focused window is maximized. In split display, all active windows are dis-
played.

Alternatively, double-tap the title bar of a window to maximize it.
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Changing the Display

The display can be optimized for your individual needs. The following display functions
are available and are described in detail in Chapter 11.2, "Display Settings",
on page 658 and Chapter 8, "Common Analysis and Display Functions", on page 498.

® Displaying a simulation of the entire front panel of the instrument on the screen
("Front Panel")

® Displaying the main function hardkeys in a separate window on the screen ("Mini
Front Panel")

® Hiding or showing various screen elements

® Selecting a display theme and colors

® Changing the display update rate

® Activating or deactivating the touch-sensitivity of the screen
® Zooming into the diagram

Getting Help

If any questions or problems concerning the R&S FSW arise, an extensive online help
system is provided on the instrument and can be consulted at any time. The help sys-
tem is context-sensitive and provides information specifically for the current operation
or setting to be performed. In addition, general topics provide an overview on complete
tasks or function groups as well as background information.

Calling Up Help

The online help can be opened at any time by selecting one of the "Help" icons on the
toolbar or by pressing the F1 key on an external or the on-screen keyboard.

Calling context-sensitive help

» To display the "Help" dialog box for the currently focused screen element, e.g. a
softkey or a setting in an opened dialog box, select the "Help" icon on the toolbar.

4

The "Help" dialog box "View" tab is displayed. A topic containing information about
the focused screen element is displayed.

If no context-specific help topic is available, a more general topic or the "Content"
tab is displayed.

O

For standard Windows dialog boxes (e.g. File Properties, Print dialog etc.), no context-
sensitive help is available.

» To display a help topic for a screen element not currently focused:
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a) Select the "Help pointer" icon on the toolbar.
Re

The pointer changes its shape to a "?" and an arrow.
b) Select the screen element to change the focus.

A topic containing information about the selected (now focused) screen element is
displayed.

4.4.7.2 Using the Help Window

The Help window contains several tabs:

® "View" - shows the selected help topic

® "Contents" - contains a table of help contents

® "Index" - contains index entries to search for help topics
® "Search" - provides text search

The Help toolbar provides some buttons:

® To browse the topics in the order of the table of contents: Up arrow = previous
topic, Down arrow = next topic

® To browse the topics visited before: Left arrow = back, Right arrow = forward
® To increase or decrease the font

(2] & a4 ]

To navigate the Help, use the touchscreen. Alternatively, you can also use the naviga-
tion keys on the front panel.

To search for a topic in the index

The index is sorted alphabetically. You can browse the list, or search for entries in the
list.

1. Switch to the "Index" tab.
2. Select the "Keyboard" icon besides the entry field.

3. Enter the first characters of the keyword you are interested in.

The entries containing these characters are displayed.

4. Double-tap the suitable index entry.
The "View" tab with the corresponding help topic is displayed.

To search topics for a text string

1. Switch to the "Search" tab.
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2. Select the "Keyboard" icon besides the entry field.

3. Enter the string you want to find.
If you enter several strings with blanks between, topics containing all words are
found (same as AND operator).

For advanced search, consider the following:

e To find a defined string of several words, enclose it in quotation marks. For
example, a search for "trigger qualification" finds all topics with exactly "trigger
qualification”. A search for trigger qualification finds all topics that contain the
words frigger and qualification.

Use "Match whole word" and "Match case" to refine the search.
Use operators AND, OR, and NOT.

To close the Help window

» Select the "Close" icon in the upper right corner of the help window.
Or: Press the [ESC] key.

4.4.8 Remote Control

In addition to working with the R&S FSW interactively, located directly at the instru-
ment, it is also possible to operate and control it from a remote PC. Various methods
for remote control are supported:

® Connecting the instrument to a (LAN) network (see Chapter 4.1.5, "Setting Up a
Network (LAN) Connection”, on page 38)

® Using the LXI browser interface in a LAN network

® Using the Windows Remote Desktop application in a LAN network

® Connecting a PC via the GPIB interface

How to configure the remote control interfaces is described in the User Manual.

SCPI Recorder
The R&S FSW now provides a SCPI Recorder tool that helps you create scripts for
remote control of the R&S FSW very quickly and easily.

For details, see Chapter 12.4, "Automating Tasks with Remote Command Scripts",
on page 767.

The R&S FSW is delivered with IECWIN installed, the auxiliary remote control tool pro-
vided free of charge by Rohde & Schwarz.

For details on the IECWIN tool, see the "Network and Remote Control" chapter of the
R&S FSW User Manual.




R&S®FSW Getting Started

4.4.8.1 Using the LXI Browser Interface in a LAN

LAN eXtensions for Instrumentation (LXI) is an instrumentation platform for measuring
instruments and test systems that is based on standard Ethernet technology. LXI is
intended to be the LAN-based successor to GPIB, combining the advantages of Ether-
net with the simplicity and familiarity of GPIB. The LXI browser interface allows for
easy configuration of the LAN and remote control of the R&S FSW without additional
installation requirements.

For details see Chapter 4.1.2.3, "Login", on page 32.

Via the LXI browser interface to the R&S FSW you can control the instrument remotely
from another PC. Manual instrument controls are available via the front panel simula-
tion. File upload and download between the instrument and the remote PC is also
available. Using this feature, several users can access and operate the R&S FSW
simultaneously. This is useful for troubleshooting or training purposes. If necessary,
this feature can be deactivated.

For details see "LXI Web Browser Interface" on page 729.
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QE e X@

Ref Level ¢
Att 3 ms V¥BW 3 MHz Mode Auto
1 Frequency Sweep

Overview

CF 21.5 GHz 1001 pts 4,3 GHz/ Span 43.0 GHz

wm rp7y 11.12.2017
vy Call

13:28:11

SET

‘ 5
| RUN RUN 1 2 3
ew | sweep | TRACE | TRG | SINGLE CONT pars tuv wyz
1
MEAS INPUT/ . -
| | ] - [ -

PEAK 7 3 9

“CIEECEe - =m0 . . E3
MKR 4 6

.o | e e s | R

veas | cowric | UMES | gurpur

4.4.8.2 Remote Desktop Connection

Remote Desktop is a Windows application which can be used to access and control
the instrument from a remote computer through a LAN connection. While the instru-
ment is in operation, the instrument screen contents are displayed on the remote com-
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puter. Remote Desktop provides access to all of the applications, files, and network
resources of the instrument. Thus, remote operation of the instrument is possible.

The Remote Desktop Client is part of the installed Windows operating system. For
other versions of Windows, Microsoft offers the Remote Desktop Client as an add-on.

4.4.8.3 Connecting a PC via the GPIB Interface

You can connect a PC to the R&S FSW via the GPIB interface to send remote com-
mands to control and operate the instrument. You can configure the GPIB address and
the ID response string. The GPIB language is set as SCPI by default but can be
changed to emulate other instruments.

A GPIB interface is integrated on the rear panel of the instrument.
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5 Applications, Measurement Channels, and
Operating Modes

The R&S FSW allows you to perform all sorts of different analysis tasks on different
types of signals, e.g. W-CDMA, 1/Q analysis or basic spectrum analysis. Depending on
the task or type of signal, a different set of measurement functions and parameters are
required. Therefore, the R&S FSW provides various applications - some of which are
included in the base unit, others are optional. The default application when you start
the R&S FSW is "Spectrum", for basic spectrum analysis measurements on any type
of signal.

For each application, a separate measurement channel is created, which determines
the measurement settings for that application. The same application can be activated
with different measurement settings by creating several channels for the same applica-
tion. Each channel is displayed in a separate tab on the screen.

The maximum number of measurement channels may be limited by the available
memory on the instrument.

By default, each application operates independently of the others, measuring and ana-
lyzing its own distinct data. However, the R&S FSW also provides other operating
modes, in which the individual applications are correlated and analyze the same set of
data.

Signal and Spectrum Analyzer Mode

With the conventional R&S FSW Signal and Spectrum Analyzer mode, you can
perform several different measurements almost simultaneously. However, the individ-
ual measurements are independent of each other - each application captures and
evaluates its own set of data, regardless of what the other applications do.

In some cases it may be useful to analyze the exact same input data using different
applications. For example, imagine capturing data from a base station and analyzing
the RF spectrum in the Analog Demodulation application. If a spur or an unexpected
peak occurs, you may want to analyze the same data in the I/Q Analyzer to see the
real and imaginary components of the signal and thus detect the reason for the irregu-
lar signal. Normally when you switch to a different application, evaluation is performed
on the data that was captured by that application, and not the previous one. In our
example that would mean the irregular signal would be lost. Therefore, a second oper-
ating mode is available in the R&S FSW: Multi-Standard Radio Analyzer (MSRA)
mode.

Multi-Standard Radio Analyzer mode

In Multi-Standard Radio Analyzer (MSRA) mode, data acquisition is performed once
as an I/Q measurement in a master application, and the captured data is then evalu-
ated by any number of slave applications for different radio standards. Data acquisition
and global configuration settings are controlled globally, while the evaluation and dis-
play settings can be configured individually for each slave application. Using the Multi-
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5.1

Standard Radio Analyzer, unwanted correlations between different signal components
using different transmission standards can be detected. Thus, for example, an irregu-
larity in a GSM burst can be examined closer in the R&S FSW 3G FDD BTS (W-
CDMA) slave application to reveal dependencies like a change in the EVM value.

Multi-Standard Real-Time mode

In order to combine the advantages of the MSRA mode with its correlated measure-
ments and the gapless results and frequency mask provided by real-time measure-
ments, a third operating mode has been introduced: the Multi-Standard Real-Time
(MSRT) mode. This operating mode is only available if one of the real-time options
(R&S FSW-K160RE/-B160R/-B512R/-U160R/-U512R) is installed.

In this operating mode, data acquisition is performed once as a real-time measure-
ment, and the captured data is then evaluated by any number of slave applications.
Thus, a real-time measurement triggered with a frequency mask can be performed,
and the results can be evaluated in the VSA slave application, for example, to detect
the cause of a frequency exception.

Distinct operating modes

Although the applications themselves are identical in all operating modes, the handling
of the data between applications is not. Thus, the operating mode determines which
slave applications are available and active. Whenever you change the operating mode,
the currently active measurement channels are closed. The default operating mode is
Signal and Spectrum Analyzer mode; however, the presetting can be changed.

Remote command:

INST:MODE SAN, see INSTrument :MODE on page 820

Switching between slave applications

When you switch to a new slave application, a set of parameters is passed on from the
current slave application to the new one:

® center frequency and frequency offset

e reference level and reference level offset

® attenuation

After initial setup, the parameters for the measurement channel are stored upon exiting

and restored upon re-entering the channel. Thus, you can switch between slave appli-
cations quickly and easily.

Available Applications

Access: [MODE]

The R&S FSW provides some applications in the base unit while others are available
only if the corresponding firmware options are installed. Not all R&S FSW applications
are supported in MSRA/MSRT mode.
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For details on the MSRT operating mode, see the R&S FSW Real-Time Spectrum
Application and MSRT Operating Mode User Manual.

Spectrogram application

6 Spectrogram measurements are not a separate application, but rather a trace evalua-
tion method, thus they are available as an evaluation method for the Display Configu-
ration, not by creating a new channel. Spectrograms are configured and activated in
the "Trace" settings. See Chapter 8.5.2.1, "Working with Spectrograms"”, on page 584
for details.
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In the Spectrum application the provided functions correspond to those of a conven-
tional spectrum analyzer. The analyzer measures the frequency spectrum of the RF
input signal over the selected frequency range with the selected resolution and sweep
time, or, for a fixed frequency, displays the waveform of the video signal. This applica-
tion is used in the initial configuration.

For details see Chapter 6, "Measurements and Results", on page 131.
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Remote command:
INST:SEL SAN, see INSTrument [:SELect] on page 821

1xEV-DO BTS

The 1XxEV-DO BTS application requires an instrument equipped with the 1xEV-DO BTS
Measurements option, R&S FSW-K84. This application provides test measurements
for 1XEV-DO BTS downlink signals (base station signals) according to the test specifi-
cation.

For details see the R&S FSW-K84/-K85 User Manual.

Remote command:
INST:SEL BDO, see INSTrument [:SELect] on page 821

1xEV-DO MS

The 1xEV-DO MS application requires an instrument equipped with the 1xEV-DO MS
Measurements option, R&S FSW-K85. This application provides test measurements
for 1XEV-DO MS uplink signals (mobile signals) according to the test specification.

For details see the R&S FSW-K84/-K85 User Manual.

Remote command:
INST:SEL MDO, see INSTrument [ : SELect] on page 821

3G FDD BTS

The 3G FDD BTS application requires an instrument equipped with the 3GPP Base
Station Measurements option, R&S FSW-K72. This application provides test measure-
ments for W-CDMA downlink signals (base station signals) according to the test speci-
fication.

For details see the R&S FSW-K72/-K73 User Manual.

Remote command:
INST:SEL BWCD, see INSTrument [:SELect] on page 821

3G FDD UE

The 3G FDD UE application requires an instrument equipped with the 3GPP User
Equipment Measurements option, R&S FSW-K73. This application provides test mea-
surements for W-CDMA uplink signals (mobile signals) according to the test specifica-
tion.

For details see the R&S FSW-K72/-K73 User Manual.

Remote command:
INST:SEL MWCD, see INSTrument [:SELect] on page 821

5G NR

The 5G NR application requires an instrument equipped with the 5G NR Measure-
ments option R&S FSW-K144. This application provides 5G NR measurements on the
downlink.

For details see the R&S FSW-K144 user manual.

Remote command:
INST:SEL NR5G, see INSTrument [:SELect] on page 821
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802.11ad

The 802.11ad application requires an instrument equipped with the 802.11ad option,
R&S FSW-K95. This application provides measurements and evaluations according to
the IEEE 802.11 ad standard.

For details see the R&S FSW-K95/-K97 User Manual.

Remote command:
INST:SEL WIGIG, see INSTrument[:SELect] on page 821

802.11ay

The 802.11ay application requires an instrument equipped with the 802.11ay option,
R&S FSW-K97. This application provides measurements and evaluations according to
the IEEE 802.11 ay standard.

For details see the R&S FSW-K95/-K97 User Manual.

Remote command:
INST:SEL EDMG, See INSTrument [:SELect] on page 821

Ampilifier

The Amplifier Measurement application requires an instrument equipped with the
Amplifier Measurement option R&S FSW-K18. This application provides measure-
ments to measure the efficiency of traditional amplifiers and amplifiers that support
envelope tracking with the R&S FSW.

Also available is option R&S FSW-K18D, which provides direct DPD functionality.

For details see the R&S FSW-K18 User Manual (also contains information about
R&S FSW-K18D.

Remote command:
INST:SEL AMPL, see INSTrument [:SELect] on page 821

Analog Demodulation

The Analog Demodulation application requires an instrument equipped with the corre-
sponding optional software. This application provides measurement functions for
demodulating AM, FM, or PM signals.

For details see the R&S FSW-K7 User Manual.

Remote command:
INST:SEL ADEM, see INSTrument [:SELect] on page 821

cdma2000 BTS

The cdma2000 BTS application requires an instrument equipped with the cdma2000
BTS Measurements option, R&S FSW-K82. This application provides test measure-
ments for cdma2000 BTS downlink signals (base station signals) according to the test
specification.

For details see the R&S FSW-K82/-K83 User Manual.

Remote command:
INST:SEL BC2K, see INSTrument[:SELect] on page 821
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cdma2000 MS

The cdma2000 MS application requires an instrument equipped with the cdma2000
MS Measurements option, R&S FSW-K83. This application provides test measure-
ments for cdma2000 MS uplink signals (mobile signals) according to the test specifica-
tion.

For details see the R&S FSW-K82/-K83 User Manual.

Remote command:
INST:SEL MC2K, see INSTrument [:SELect] on page 821

(Multi-Carrier) Group Delay

The Group Delay application requires an instrument equipped with the Multi-Carrier
Group Delay Measurements option R&S FSW-K17. This application provides a Multi-
Carrier Group Delay measurement.

For details see the R&S FSW-K17 User Manual.

Remote command:
INST:SEL MCGD, see INSTrument [:SELect] on page 821

GSM
The GSM application requires an instrument equipped with the GSM Measurements
option R&S FSW-K10. This application provides GSM measurements.

For details see the R&S FSW-K10 User Manual.

Remote command:
INST:SEL GSM, see INSTrument [:SELect] on page 821

1/Q Analyzer
The 1/Q Analyzer application provides measurement and display functions for 1/Q data.

For details see the R&S FSW 1/Q Analyzer User Manual.

Remote command:
INST:SEL IQ,see INSTrument[:SELect] on page 821

LTE
The LTE application requires an instrument equipped with the LTE Measurements
option R&S FSW-K10x. This application provides LTE measurements.

For details see the R&S FSW-K10x User Manuals (one for downlink, one for uplink).

Remote command:
INST:SEL LTE, see INSTrument [:SELect] on page 821

NB-loT

The NB-loT application requires an instrument equipped with the NB-loT measure-
ments option R&S FSW-K106. This application provides NB-loT measurements in the
downlink.

For details see the R&S FSW-K106 (NB-loT Downlink) User Manual.

Remote command:
INST:SEL NIOT, see INSTrument[:SELect] on page 821
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Noise Figure

The Noise Figure application requires an instrument equipped with the Noise Figure
Measurements option R&S FSW-K30. This application provides noise figure measure-
ments.

For details see the R&S FSW-K30 User Manual.

Remote command:
INST:SEL NOISE, see INSTrument|[:SELect] on page 821

OneWeb

The OneWeb application requires an instrument equipped with the OneWeb measure-
ments option R&S FSW-K201. This application provides OneWeb reverse link mea-
surements.

For details see the R&S FSW-K201 (OneWeb Reverse Link Measurements) User Man-
ual.

Remote command:
INST:SEL OWEB, see INSTrument [:SELect] on page 821

Phase Noise

The Phase Noise application requires an instrument equipped with the Phase Noise
Measurements option, R&S FSW-K40. This application provides measurements for
phase noise tests.

For details see the R&S FSW-K40 User Manual.

Remote command:
INST:SEL PNOISE, see INSTrument [:SELect] on page 821

Pulse Measurements

The Pulse application requires an instrument equipped with the Pulse Measurements
option, R&S FSW-K6. This application provides measurement functions for pulsed sig-
nals.

For details see the R&S FSW-K6 User Manual.

Remote command:
INST:SEL PULSE, see INSTrument [:SELect] on page 821

Real-Time Spectrum

The Real-Time Spectrum application requires an instrument equipped with the Real-
Time Spectrum option, (R&S FSW-B160R/-K160RE/-U160R). This application provides
real-time measurement functions.

For details see the R&S FSW Real-Time User Manual.

Remote command:
INST:SEL RTIM, See INSTrument [:SELect] on page 821

Spurious Measurements

The Spurious Measurements application requires an instrument equipped with the
Spurious Measurements option, R&S FSW-K50. This application provides measure-
ments and evaluations for spurious signal effects.

For details see the R&S FSW-K50 User Manual.
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Remote command:
INST:SEL SPUR, see INSTrument [:SELect] on page 821

TD-SCDMA BTS

The TD-SCDMA BTS application requires an instrument equipped with the TD-SCDMA
Base Station Measurements option, R&S FSW-K76. This application provides test
measurements for TD-SCDMA downlink signals (base station signals) according to the
test specification.

For details see the R&S FSW-K76/-K77 User Manual.

Remote command:
INST:SEL BTDS, see INSTrument [:SELect] on page 821

TD-SCDMA UE

The TD-SCDMA UE application requires an instrument equipped with the TD-SCDMA
User Equipment Measurements option, R&S FSW-K77. This application provides test
measurements for TD-SCDMA uplink signals (mobile signals) according to the test
specification.

For details see the R&S FSW-K76/-K77 User Manual.

Remote command:
INST:SEL MTDS, see INSTrument [:SELect] on page 821

Transient Analysis

The Transient Analysis application requires an instrument equipped with the Transient
Analysis option, R&S FSW-KG60. This application provides measurements and evalua-
tions for Transient Analysis.

For details see the R&S FSW-K60 User Manual.

Remote command:
INST:SEL TA, see INSTrument [:SELect] on page 821

Verizon 5GTF Measurement Application (V5GTF)

The Verizon 5GTF measurement application requires an instrument equipped with the
V5GTF option, R&S FSW-K118/K119. This application provides measurements and
evaluations for uplink and downlink signals according to the Verizon 5G technical
forum (TS V5G.211 standard).

For details see the R&S FSW-K118/-K119 User Manual.

Remote command:
INST:SEL V5GT, see INSTrument [:SELect] on page 821

Vector Signal Analysis (VSA)

The VSA application requires an instrument equipped with the Vector Signal Analysis
option, R&S FSW-K70. This application provides measurements and evaluations for
single-carrier digitally modulated signals.

For details see the R&S FSW-K70 User Manual.

Remote command:
INST:SEL DDEM, see INSTrument [:SELect] on page 821
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WLAN

The WLAN application requires an instrument equipped with the WLAN option,

R&S FSW-K91/91n. This application provides measurements and evaluations accord-
ing to the WLAN IEEE 802.11 standards.

For details see the R&S FSW-K91 User Manual.

Remote command:
INST:SEL WLAN, see INSTrument [ :SELect] on page 821

DOCSIS 3.1

The DOCSIS 3.1 application requires an instrument equipped with the DOCSIS 3.1
option, R&S FSW-K192. This application provides measurements and evaluations
according to the DOCSIS 3.1 standard.

For details see the R&S FSW-K192 User Manual.

Remote command:
INST:SEL DOCS, see INSTrument [:SELect] on page 821

5.2 R&S MultiView

Each application is displayed in a separate tab. An additional tab ("MultiView") provides
an overview of all currently active channels at a glance. In the "MultiView" tab, each
individual window contains its own channel bar with an additional button. Select this
button to switch to the corresponding channel display quickly.

MultiView &8 Spectrum X  Spectrum 2 X  Spectrum 3 X  IQ Analyzer

Spectrum

Ref Level § Ref Lov
a Spectrum 2 °

1 Frequency Sweep *1Fk drw | 1 Frequency Sweep

b gt

MHz/ E 128.0 MHz

CF 64.0 MHz Frame # 0 | CF500.0 MHz

= = RBW Ref
Spectrum 3 i | 1Q Analyzer At

1 Zero Span %
1 Real/Imag (1/Q) Real

1 Real/Tmaq {T/0) Imag

CF 64.0 MHz 1001 pts CF 64.0 MHz 1001 pts

Remote command:

DISPlay:FORMat on page 988
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5.3 Selecting the Operating Mode and Applications

Access: [MODE]

The default operating mode is Signal and Spectrum Analyzer mode, however, the pre-
setting can be changed (see " Preset Mode " on page 704).

Signal + Spectrum Analyzer Multi-Standard Radio Analyzer

New #l% spectrum el 1xEV-DO BTS B IxEv-DOMS
Channel

802.11ad 802.11ay Amplifier

Replace
Current
Channel

The default application in Signal and Spectrum Analyzer mode is a Spectrum measure-
ment.

Switching between applications

When you switch to a new application, a set of parameters is passed on from the cur-
rent application to the new one:

® center frequency and frequency offset

e reference level and reference level offset

® attenuation

After initial setup, the parameters for the measurement channel are stored upon exiting

and restored upon re-entering the channel. Thus, you can switch between applications
quickly and easily.

Switching the operating MOde...........ooiiii e 125
Selecting an appliCation...........oooviiiiiiiicccr e ———————— 125
L NEW CRANNEL.......ieiriiieeieiriei ettt 126
L Replace CUrrent ChanNEL..........ccoovoveeeueeeeeeieeeeeeeeeee et 126
L Duplicate CUrrent Channel ...........ccooveeeeeeeeeeeeeeeeeeeeeeeeeee e, 126
(04 oT] 1o JE=T 0 IR=1 o] o1 o*= o] o P 126

Switching the operating mode
To switch the operating mode, select the corresponding tab.

Remote command:
INSTrument : MODE on page 820

Selecting an application
To start a new or replace an existing application, select the corresponding button in the
correct tab.
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Running a Sequence of Measurements

Note: The measurement channels are labeled with their default name. If that name
already exists, a sequential number is added. You can change the name of the mea-
surement channel by double-tapping the name in the channel bar and entering a new
name.

For an overview of default names see TNSTrument : LIST? on page 818.

Remote command:
INSTrument [ :SELect] on page 821

New Channel — Selecting an application
The applications selected on this tab are started in a new measurement channel, i.e. a
new tab in the display.

Remote command:
INSTrument:CREate [ :NEW] on page 817
INSTrument [:SELect] on page 821

Replace Current Channel < Selecting an application
The applications selected on this tab are started in the currently displayed measure-
ment channel, replacing the current application.

Remote command:
INSTrument :CREate:REPLace on page 818

Duplicate Current Channel < Selecting an application

The currently active channel can be duplicated, i.e. a new channel of the same type
and with the identical measurement settings is started. The name of the new channel is
the same as the copied channel, extended by a consecutive number (e.g. "Spectrum" -
> "Spectrum 2" ).

This command is not available if the MSRA Master channel is selected.

Remote command:
INSTrument:CREate:DUPLicate on page 817

Closing an application
To close an application, simply close the corresponding tab by selecting the "x" next to
the channel name.

Remote command:
INSTrument :DELete on page 818

Running a Sequence of Measurements

Only one measurement can be performed at any time, namely the one in the currently
active channel. However, in order to perform the configured measurements consecu-
tively, a Sequencer function is provided.



Running a Sequence of Measurements

details see the R&S FSW MSRA User Manual or the R&S FSW Real-Time Spectrum

6 The Sequencer function is slightly different in MSRA or MSRT operating mode. For
Application and MSRT Operating Mode User Manual.

® The SeqUENCEr CONCEPL......cccctiiiiiiiieiee e et e e e e e e e e e es e e e e e e e e e e e e snnnnns 127
O SEQUENCEN SEEHNGS. . utttiiiiiiiii ittt e e a e e e e e 129
o How to Set Up the SEQUENCET..........ooiiiieeeeeeccrcee e 130

5.4.1 The Sequencer Concept

The instrument can only activate one specific channel at any time. Thus, only one
measurement can be performed at any time, namely the one in the currently active
channel. However, in order to perform the configured measurements consecutively, a
Sequencer function is provided, which changes the channel of the instrument as
required. If activated, the measurements configured in the currently defined "Channel"
s are performed one after the other in the order of the tabs.

For each individual measurement, the sweep count is considered. Thus, each mea-
surement may consist of several sweeps. The currently active measurement is indica-
ted by a €8 symbol in the tab label.

The result displays of the individual channels are updated in the tabs as the measure-
ments are performed. Sequential operation itself is independent of the currently dis-
played tab.

Sequencer modes
Three different Sequencer modes are available:

® Single Sequence
Similar to single sweep mode; each measurement is performed once, until all mea-
surements in all defined "Channel" s have been performed.

® Continuous Sequence
Similar to continuous sweep mode; the measurements in each defined "Channel"
are performed one after the other, repeatedly, in the same order, until sequential
operation is stopped. This is the default Sequencer mode.

® Channel-defined Sequence
First, a single sequence is performed. Then, only "Channel" s in continuous sweep
mode are repeated continuously.
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Example: Sequencer procedure
Assume the following active channel definition:

MultiView &8 Spectrum X  Spectrum 2 X  Spectrum 3 X  IQ Analyzer

Ref Level B y 2 Spoctrum 2 ReFtevel 0
A dB SWT 1.01 ms w At

1 Frequency Sweep + | 1 Frequency Sweep

Spectrum

st iy 1

1001 pts 12.8 MHz/ Span 128.0 MHz

CF6d4.0MHz t 8.0 MHz _ a ) | CF500.0 MHz 1001 pts 100.0 MHz/

B ° iz RefLavel (
Spectrum 3 i o | 1Q Analyzer i

n Meas Tinn
B Freq 64.0 MHz Rec Length
1 Zero Span s
ag (1/Q) Real

1 Real/Imaa {I/0) Imaa

CF 64.0 MHz 1001 pts 101.0 us/ | CF64.0 MHz 1001 pts

Tab name Application Sweep mode Sweep count
Spectrum Spectrum Cont. Sweep 5
Spectrum 2 Spectrum Single Sweep 6
Spectrum 3 Spectrum Cont. Sweep 2
1Q Analyzer 1Q Analyzer Single Sweep 7

For Single Sequence, the following sweeps will be performed:

5x Spectrum, 6x Spectrum 2, 2 x Spectrum 3, 7x 1Q Analyzer

For Continuous Sequence, the following sweeps will be performed:
5x Spectrum, 6x Spectrum 2, 2 x Spectrum 3, 7x 1Q Analyzer,

5x Spectrum, 6x Spectrum 2, 2 x Spectrum 3, 7x 1Q Analyzer,

For Channel-defined Sequence, the following sweeps will be performed:
5x Spectrum, 6x Spectrum 2, 2 x Spectrum 3, 7x 1Q Analyzer,

5x Spectrum, 2 x Spectrum 3,

5x Spectrum, 2 x Spectrum 3,

RUN SINGLE/RUN CONT and Single Sweep/Sweep Continuous keys

While the Sequencer is active, the [RUN SINGLE] and [RUN CONT] keys control the
Sequencer, not individual sweeps. [RUN SINGLE] starts the Sequencer in single
mode, while [RUN CONT] starts the Sequencer in continuous mode.

User Manual 1173.9411.02 — 41 128



5.4.2

Running a Sequence of Measurements

The "Single Sweep" and "Continuous Sweep" softkeys control the sweep mode for the
currently selected channel only; the sweep mode only has an effect the next time the
Sequencer activates that channel, and only for a channel-defined sequence. In this
case, a channel in single sweep mode is swept only once by the Sequencer. A channel
in continuous sweep mode is swept repeatedly.

Sequencer Settings

The "Sequencer" menu is available from the toolbar.

@&

Sequencer in MSRA/MSRT mode
In MSRA/MSRT operating mode and in the Real-Time Spectrum Application, the
Sequencer behaves slightly differently.

For details on the MSRA operating mode see the R&S FSW MSRA User Manual. For
details on the MSRT operating mode and the Real-Time Spectrum application see the
R&S FSW Real-Time Spectrum Application and MSRT Operating Mode User Manual.

SEQUENCET STAE ..ot s e e e e e e e e e e e e e e e e e e e eeeeeaaaaaas 129
S T=To [U =Y o Tot=T ol 1Y o o = R 129

Sequencer State
Activates or deactivates the Sequencer. If activated, sequential operation according to
the selected Sequencer mode is started immediately.

Remote command:

SYSTem:SEQuencer on page 824
INITiate:SEQuencer:IMMediate on page 823
INITiate:SEQuencer :ABORt on page 823

Sequencer Mode

Defines how often which measurements are performed. The currently selected mode
softkey is highlighted blue. During an active Sequencer process, the selected mode
softkey is highlighted orange.

"Single Sequence”
Each measurement is performed once, until all measurements in all
active channels have been performed.

"Continuous Sequence"
The measurements in each active channel are performed one after
the other, repeatedly, in the same order, until sequential operation is
stopped.
This is the default Sequencer mode.

"Channel Defined Sequence”
First, a single sequence is performed. Then, only channels in continu-
ous sweep mode are repeated.
Channel-defined sequence is not available in Multi-Standard Real-
Time (MSRT) operating mode.



Running a Sequence of Measurements

Remote command:
INITiate:SEQuencer :MODE on page 823

5.4.3 How to Set Up the Sequencer

In order to perform the configured measurements consecutively, a Sequencer function
is provided.

1. Configure a channel for each measurement configuration as required, including the
sweep mode.

2. In the toolbar, select the "Sequencer" icon.

A

The "Sequencer" menu is displayed.

3. Toggle the "Sequencer" softkey to "On" .

A continuous sequence is started immediately.

4. To change the Sequencer mode and start a new sequence immediately, select the
corresponding mode softkey, or press the [RUN SINGLE] or [RUN CONT] key.

The measurements configured in the currently active channels are performed one
after the other in the order of the tabs until the Sequencer is stopped.

The result displays in the individual channels are updated as the measurements
are performed.

To stop the Sequencer

» To stop the Sequencer temporarily, press the highlighted [RUN SINGLE] or [RUN
CONT] key (not for a channel-defined sequence). To continue the Sequencer,
press the key again.

To stop the Sequencer permanently, select the "Sequencer" icon in the toolbar and
toggle the "Sequencer" softkey to "Off" .



6 Measurements and Results

Access: "Overview" > "Select Measurement"
Or: [MEAS]

In the Spectrum application, the R&S FSW provides a variety of different measurement
functions.

® Basic measurements - measure the spectrum of your signal or watch your signal
in time domain

® Power measurements - calculate the powers involved in modulated carrier signals

® Emission measurements - detect unwanted signal emission

® Statistic measurements - evaluate the spectral distribution of the signal

® Special measurements - provide characteristic values of the signal

e EMI measurements - detect electromagnetic interference in the signal

The individual functions are described in detail in the following chapters.

The measurement function determines which settings, functions and evaluation meth-
ods are available in the R&S FSW. The various measurement functions are described
in detail here.

When you select a measurement function, the measurement is started with its default
settings immediately and the corresponding measurement configuration menu is dis-
played. The measurement configuration menu can be displayed at any time by press-
ing the [MEAS CONFIG] key.

The easiest way to configure measurements is using the configuration "Overview" ,
see Chapter 7.1, "Configuration Overview", on page 353.

In addition to the measurement-specific parameters, the general parameters can be
configured as usual, see Chapter 7, "Common Measurement Settings", on page 353.
Many measurement functions provide special result displays or evaluation methods;
however, in most cases the general evaluation methods are also available, see Chap-
ter 8, "Common Analysis and Display Functions", on page 498.

After a preset, and when all other functions are switched off ("All Functions Off" in the
"Select Measurement" dialog) the R&S FSW performs a basic frequency sweep.

The remote commands required to retrieve measurement results are described in
Chapter 13.8.2.4, "Retrieving Trace Results", on page 1114.
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Measurements on I/Q-based data

The 1/Q Analyzer application (not Master) in MSRA mode can also perform measure-
ments on the captured I/Q data in the time and frequency domain.

The measurements are configured using the same settings as described here for the
Spectrum application.

The results, however, may differ slightly as hardware settings are not adapted automat-
ically as for the Spectrum application. Additionally, the analysis interval used for the
measurement is indicated as in all MSRA applications.

For more information see the R&S FSW MSRA User Manual.

6.1

6.1.1

®  BasiC MeasuremMeNnts. ... . ... i 132
e Channel Power and Adjacent-Channel Power (ACLR) Measurement.................. 152
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e Spurious Emissions MeasuremMent............ouuuuiiiiiiiciiiiieieieeeeeeeeeeeee e eeeeeeeeneeaanaae 277
e Statistical Measurements (APD, CCDF).....cooiiiiiiiiiiiieii e 290
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e AM Modulation Depth Measurement.............uuuuueiiiiiiiiieieie e 325
e Electromagnetic Interference (EMI) Measurement..........cccoevcvveeeeviciiieeesiiieeeeeens 328

Basic Measurements

Basic measurements are common sweeps in the time or frequency domain which pro-
vide an overview of the basic input signal characteristics.

If no other measurement function is selected, or if all measurement functions are
switched off, the R&S FSW performs a basic frequency or time sweep.

After a preset, a frequency sweep is performed.

Use the general measurement settings to configure the measurement, e.g. via the
"Overview" (see Chapter 7, "Common Measurement Settings", on page 353).

Basic Measurement Types
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Basic Measurements

Frequency Sweep

A common frequency sweep of the input signal over a specified span. Can be used for
general purposes to obtain basic measurement results such as peak levels and spec-
trum traces. The "Frequency" menu is displayed. This is the default measurement if no
other function is selected.

Use the general measurement settings to configure the measurement, e.g. via the
"Overview" (see Chapter 7, "Common Measurement Settings", on page 353).

Remote command:

[SENSe: ] FREQuency:STARt on page 1002, [SENSe: ] FREQuency: STOP
on page 1002

INITiate<n>[:IMMediate] on page 829

INITiate<n>:CONTinuous on page 829

Zero Span

A sweep in the time domain at the specified (center) frequency, i.e. the frequency span
is set to zero. The display shows the time on the x-axis and the signal level on the y-
axis, as on an oscilloscope. On the time axis, the grid lines correspond to 1/10 of the
current sweep time.

Use the general measurement settings to configure the measurement, e.g. via the
"Overview" (see Chapter 7, "Common Measurement Settings", on page 353).

Most result evaluations can also be used for zero span measurements, although some
functions (e.g. markers) may work slightly differently and some may not be available. If
so, this will be indicated in the function descriptions (see Chapter 8, "Common Analysis
and Display Functions", on page 498).

Remote command:

[SENSe: ] FREQuency: SPAN on page 1002

INITiate<n>[:IMMediate] on page 829

INITiate<n>:CONTinuous on page 829

All Functions Off
Switches off all measurement functions and returns to a basic frequency sweep.

Selecting "Frequency Sweep" has the same effect.

How to Perform a Basic Sweep Measurement

The following step-by-step instructions demonstrate how to perform basic sweep mea-
surements.

@

For remote operation, see Chapter 13.15.1, "Programming Example: Performing a
Basic Frequency Sweep", on page 1344.

To perform one or more single sweeps

1. Configure the frequency and span to be measured ( "Frequency" dialog box, see
Chapter 7.3, "Frequency and Span Configuration”, on page 438).
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2. Configure the number of sweeps to be performed in a single measurement
( "Sweep Config" dialog box, see " Sweep/Average Count " on page 467).

3. If necessary, configure how the signal is processed internally ( "Bandwidth" dialog
box, see " Sweep Type " on page 468).

4. If necessary, configure a trigger for the measurement ( "Trigger/ Gate Config" dia-
log box, see Chapter 7.6, "Trigger and Gate Configuration”, on page 473).

5. Define how the results are evaluated for display ( "Trace" dialog box, see Chap-
ter 8.5.1.2, "Trace Settings", on page 578).

6. If necessary, configure the vertical axis of the display ( "Amplitude" dialog box, see
Chapter 7.4, "Amplitude and Vertical Axis Configuration", on page 445).

7. To start the measurement, select one of the following:

e [RUN SINGLE] key
e "Single Sweep" softkey in the "Sweep" menu

The defined number of sweeps are performed, then the measurement is stopped.
While the measurement is running, the [RUN SINGLE] key is highlighted. To abort
the measurement, press the [RUN SINGLE] key again. The key is no longer high-
lighted. The results are not deleted until a new measurement is started.

8. To repeat the same number of sweeps without deleting the last trace, select the
"Continue Single Sweep" softkey in the "Sweep" menu.

To start continuous sweeping

1. If you want to average the trace or search for a maximum over more (or less) than
10 sweeps, configure the "Sweep/Average Count" ( "Sweep Config" dialog box,
see " Sweep/Average Count " on page 467).

2. To start the measurement, select one of the following:

e [RUN CONT] key
e "Continuous Sweep" softkey in the "Sweep" menu

After each sweep is completed, a new one is started automatically. While the mea-
surement is running, the [RUN CONT] key is highlighted. To stop the measure-
ment, press the [RUN CONT] key again. The key is no longer highlighted. The
results are not deleted until a new measurement is started.

6.1.3 Measurement Examples - Measuring a Sinusoidal Signal

One of the most common measurement tasks that can be handled using a signal ana-
lyzer is determining the level and frequency of a signal. When measuring an unknown
signal, you can usually start with the presettings.
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High input values

If levels higher than +30 dBm (=1 W) are expected or are possible, a power attenuator
must be inserted before the RF input of the analyzer. Otherwise, signal levels exceed-
ing 30 dBm can damage the RF attenuator or the input mixer. The total power of all
occurring signals must be taken into account.

Test setup
® Connect the RF output of the signal generator to the RF input of the R&S FSW.

Table 6-1: Signal generator settings (e.g. R&S SMW)

Frequency 128 MHz
Level -30 dBm
e Measuring the Level and Frequency Using Markers..........ccccceeeveeeeiiiiccivivneenenn. 135
e Measuring the Signal Frequency Using the Signal Counter...........ccccccveeeeiiinne. 137

6.1.3.1 Measuring the Level and Frequency Using Markers

The level and frequency of a sinusoidal signal can be measured easily using the
marker function. The R&S FSW always displays its amplitude and frequency at the
marker position. The frequency measurement uncertainty is determined by the refer-
ence frequency of the R&S FSW, the resolution of the marker frequency display and
the number of sweep points.

1. Select [PRESET] to reset the instrument.
Connect the signal to be measured to the "RF INPUT" connector on the R&S FSW.

Set the center frequency to 128 MHz.

p w0 DN

Reduce the frequency span to 1 MHz.

Note: Coupled settings. When the frequency span is defined, the resolution band-
width, the video bandwidth and the sweep time are automatically adjusted,
because these functions are defined as coupled functions in the presettings.

5. Select [MKR] to activate marker 1 and automatically set it to the maximum of the
trace.

The level and frequency values measured by the marker are displayed in the
marker information at the top of the display.

Note: Performing a peak search. When a marker is initially activated, it automati-
cally performs the peak search function (as shown in the example).

If a marker was already active, select the [Peak Search] key or the "Peak" softkey
in the [MKR >] menu in order to set the currently active marker to the maximum of
the displayed signal.
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Increasing the Frequency Resolution

The frequency resolution of the marker is determined by the resolution of the trace. A
trace consists of 1001 trace points, i.e. if the frequency span is 1 MHz, each trace point
represents a span of approximately 1 kHz. This corresponds to a maximum uncertainty
of +/- 0.5 kHz.

You can increase the resolution of the trace by reducing the frequency span.

Reducing the frequency span to 10 kHz
» Reduce the frequency span to 70 kHz.

The resolution of the trace is now approximately 10 Hz (10 kHz span / 1001 trace
points), thus, the precision of the marker frequency display increases to approxi-
mately 5 Hz.

Setting the Reference Level

The reference level is the level at the upper limit of the diagram. To achieve the widest
dynamic range possible for a spectrum measurement, use the entire level span of the
R&S FSW. In other words, the highest level that occurs in the signal should be located
at the top edge of the diagram ( = reference level) or immediately below it.

Low Reference Levels
If the selected reference level is lower than the highest signal that occurs in the spec-
trum, the signal path in the R&S FSW is overloaded.

In this case, the message "IFOVL" is displayed in the error message field.

In the presettings, the value of the reference level is 0 dBm. If the input signal is

-30 dBm, the reference level can be reduced by 30 dB without causing the signal path
to be overloaded.

Reducing the reference level by 30 dB

» Set the reference level to -30 dBm.

The maximum of the trace is near the maximum of the measurement diagram. The
increase in the displayed noise is not substantial. Thus, the distance between the
signal maximum and the noise display (=dynamic range) has increased.

Setting the reference level with the help of a marker

You can also use a marker to shift the maximum value of the trace directly to the top
edge of the diagram. If the marker is located at the maximum level of the trace (as in
this example), the reference level can be moved to the marker level as follows:

1. Press the [MKR ->] key.
2. Select "Ref Lvl = Mkr LvI" .

The reference level is set to the current marker level.
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Measuring the Signal Frequency Using the Signal Counter

The built-in signal counter allows you to measure the frequency more accurately than
measuring it with the marker. The frequency sweep is stopped at the marker, and the
R&S FSW measures the frequency of the signal at the marker position (see also Chap-
ter 8.3.4.1, "Precise Frequency (Signal Count) Marker", on page 529).

In the following example, the frequency of the generator at 128 MHz is shown using
the marker.

Prerequisite

Precise frequency measurements require a precise reference frequency. Therefore, an
external reference frequency from the signal generator is used. Connect the signal
generator's "Ref OUT" connector to the analyzer's "Ref IN" connector.

1. Select [PRESET] to reset the instrument.

2. Set the center frequency to 128 MHz.

3. Set the frequency span to 1 MHz.
4

Select "Setup" > "Reference" > "External Reference 10 MHZz" to activate the exter-
nal reference frequency.

5. Select [MKR] to activate marker 1 and automatically set it to the maximum of the
trace.

The level and the frequency of the marker are displayed in the marker results in the
diagram or the marker table.

6. Select [MKR FUNC] > "Signal Count" to activate the signal counter.

The result of the signal counter is displayed in the marker results.

7. If necessary, increase the resolution of the signal counter by selecting "Signal
Count Resolution" (in the "Signal Count" menu).

Prerequisites for using the internal signal counter

In order to obtain a correct result when measuring the frequency with the internal sig-
nal counter, an RF sinusoidal signal or a spectral line must be available. The marker
must be located more than 25 dB above the noise level to ensure that the specified
measurement accuracy is adhered to.

6.1.4

Measurement Example — Measuring Levels at Low S/N Ratios

The minimum signal level a signal analyzer can measure is limited by its intrinsic noise.
Small signals can be swamped by noise and therefore cannot be measured. For sig-
nals that are just above the intrinsic noise, the accuracy of the level measurement is
influenced by the intrinsic noise of the R&S FSW.
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The displayed noise level of a signal analyzer depends on its noise figure, the selected
RF attenuation, the selected reference level, the selected resolution and video band-
width and the detector.

For details see:

® (Chapter 7.4.1.2, "RF Attenuation”, on page 447

® Chapter 7.4.1.1, "Reference Level", on page 446

® Chapter 7.5.1.1, "Separating Signals by Selecting an Appropriate Resolution Band-
width", on page 457

® Chapter 7.5.1.2, "Smoothing the Trace Using the Video Bandwidth", on page 457
® "Mapping Samples to sweep Points with the Trace Detector" on page 572
This measurement example shows the different factors influencing the S/N ratio.

Table 6-2: Signal generator settings (e.g. R&S SMW)

Frequency 128 MHz

Level -95 dBm

1. Preset the R&S FSW.
Set the center frequency to 128 MHz.
Set the span to 700 MHz.

> w0

Set the reference level to-30 dBm.

The signal is measured with the auto peak detector and is completely hidden in the
intrinsic noise of the R&S FSW.

Multiview =2 Spectrum

Ref Level -30.00 dBm RBW 1 MHz

Att 0dB SWT 1.01 ms VBW 1MHz Mode A
1 Frequency Sweep

M o

CF 128.0 MHz 1001 pts Span 100.0 MHz

Figure 6-1: Sine wave signal with low S/N ratio

5. To suppress noise spikes, average the trace. In the "Traces" configuration dialog,
set the "Trace Mode" to "Average" (see " Trace Mode " on page 579).
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The traces of consecutive sweeps are averaged. To perform averaging, the
R&S FSW automatically switches on the sample detector. The RF signal, therefore,

can be more clearly distinguished from noise.

MultiView &2 Spectrum

Ref Level -3 RBW 1 MHz

Att B SWT 1.01 ms VBW 1NMHz Mode A
1 Frequency Sweep

o
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Span 100.0 MHz

CF 128.0 MHz 1001 pts

Figure 6-2: RF sine wave signal with low S/N ratio with an averaged trace

6. Instead of trace averaging, you can select a video filter that is narrower than the
resolution bandwidth. Set the trace mode back to "Clear/ Write" , then set the VBW

to 10 kHz manually in the "Bandwidth" configuration dialog.

The RF signal can be distinguished from noise more clearly.

MultiView =2 Spectrum

Ref Level -3 n RBW 1 MHz
Att 3 ns ® VBW 10 kHz
1 Frequency Sweep

Span 100.0 MHz

CF 128.0 MHz 1001 pts

Figure 6-3: RF sine wave signal with low S/N ratio with a smaller video bandwidth

1 —
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7. By reducing the resolution bandwidth by a factor of 10, the noise is reduced by
10 dB. Set the RBW to 100 kHz.

The displayed noise is reduced by approximately 10 dB. The signal, therefore,
emerges from noise by about 10 dB. Compared to the previous setting, the video
bandwidth has remained the same, i.e. it has increased relative to the smaller reso-
lution bandwidth. The averaging effect of the video bandwidth is therefore reduced.
The trace will be noisier.

MultiView =2 Spectrum

Ref Level -30.00 dBm ® RBW 100 kHz

Att OdB SWT 762 us (~42 ms) ® VBW 10kHz Mode Auto FFT
1 Frequency Sweep

MMWWWMMWMMWWWMWWM{WMWMMWM

CF 128.0 MHz 1001 pts Span 100.0 MHz

Figure 6-4: Reference signal at a smaller resolution bandwidth

6.1.5 Measurement Examples - Measuring Signal Spectra with Multiple

6.1.5.1

Signals
e Separating Signals by Selecting the Resolution Bandwidth.................ccoeeeeeees 140
e Measuring the Modulation Depth of an AM-Modulated Carrier in the Frequency
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e Measuring AM-Modulated SignalS...........euuuieiiieiiiiieeee e 145

Separating Signals by Selecting the Resolution Bandwidth

A basic feature of a Signal and Spectrum Analyzer is the ability to separate the spec-
tral components of a mixture of signals. The resolution at which the individual compo-
nents can be separated is determined by the resolution bandwidth. Selecting a resolu-
tion bandwidth that is too large may make it impossible to distinguish between spectral
components, i.e. they are displayed as a single component (see also Chapter 7.5.1.1,
"Separating Signals by Selecting an Appropriate Resolution Bandwidth",

on page 457).

Two signals with the same amplitude can be resolved if the resolution bandwidth is
smaller than or equal to the frequency spacing of the signal. If the resolution bandwidth

e
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is equal to the frequency spacing, the spectrum display shows a level drop of 3 dB pre-
cisely in the center of the two signals. Decreasing the resolution bandwidth makes the
level drop larger, which thus makes the individual signals clearer.

In this measurement example we will analyze two signals with a level of -30 dBm each
and a frequency spacing of 30 kHz.

Signal
Generator 1 l
Coupler Spectrum
.
[- &6 dB] Analyzer
Signal T
Generator 2
Figure 6-5: Test setup
Table 6-3: Signal generator settings (e.g. R&S SMW)
Level Frequency
Signal generator 1 -30 dBm 128,00 MHz
Signal generator 2 -30 dBm 128,03 MHz

1. Select [PRESET] to reset the instrument.
Set the center frequency to 128.015 MHz.

Set the frequency span to 300 kHz.

A w0 N

Set the resolution bandwidth to 30 kHz and the video bandwidth to 7 kHz.

Note: Larger video bandwidths. The video bandwidth is set to 1 kHz in order to
make the level drop in the center of the two signals clearly visible. At larger video
bandwidths, the video voltage that results from envelope detection is not suffi-
ciently suppressed. This produces additional voltages, which are visible in the
trace, in the transition area between the two signals.
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MultiView =2 Spectrum

Ref Level O m ® RBW 30 kHz

Att ] (~14 ms) ® VBW 1kHz Mode Auto FFT
1 Frequency Sweep

R .. L W S
CF 128.015 MHz 1001 pts 30.0 kHz/ Span 300.0 kHz

Figure 6-6: Measurement of two equally-leveled RF sinusoidal signals with the resolution band-
width which corresponds to the frequency spacing of the signals

Matching generator and R&S FSW frequencies

The level drop is located exactly in the center of the display only if the generator
frequencies match the frequency display of the R&S FSW exactly. To achieve exact
matching, the frequencies of the generators and the R&S FSW must be synchron-
ized.

5. Set the resolution bandwidth to 700 kHz.

It is no longer possible to clearly distinguish the two generator signals.

s
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MultiView =2 Spectrum

® RBW 100 kHz
SWT 10 ms ® VBW 1 kHz

1 Frequency Sweep

CF 128.015 MHz 1001 pts Span 300.0 kHz

Figure 6-7: Measurement of two equally-leveled RF sinusoidal signals with a resolution band-
width which is larger than their frequency spacing

6. Set the resolution bandwidth to 7 kHz.

The two generator signals are shown with high resolution. However, the sweep
time becomes longer. At smaller bandwidths, the noise display decreases simulta-
neously (10 dB decrease in noise floor for a decrease in bandwidth by a factor of
10).

MultiView =2 Spectrum

Ref Level 0. m @ RBW 100 kHz
Att ] 0 ms ® VBW 1 kHz
1 Frequency Sweep

CF 128.015 MHz 1001 pts Span 300.0 kHz

Figure 6-8: Measurement of two equally-leveled RF sinusoidal signals with a resolution band-
width (1 kHz) which is significantly smaller than their frequency spacing

e
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6.1.5.2 Measuring the Modulation Depth of an AM-Modulated Carrier in the Frequency
Domain

In the frequency range display, the AM side bands can be resolved with a narrow
bandwidth and measured separately. The modulation depth of a carrier modulated with
a sinusoidal signal can then be measured. Since the dynamic range of a signal ana-
lyzer is very large, extremely small modulation depths can also be measured precisely.
For this purpose, the R&S FSW provides measurement routines that output the modu-
lation depth numerically in percent directly.

Signal | Signal
Genarator Analyzer

Figure 6-9: Test setup

Table 6-4: Signal generator settings (e.g. R&S SMW)

Frequency 128 MHz
Level -30 dBm
Modulation 50 % AM, 10 kHz AF

1. Select [PRESET] to reset the instrument.
Set the center frequency to 128 MHz.
Set the frequency span to 50 kHz.

> 0N

Select [MEAS] > "AM Modulation Depth" to activate the modulation depth mea-
surement.

The R&S FSW automatically sets a marker to the carrier signal in the center of the
diagram and one delta marker each to the upper and lower AM sidebands. The
R&S FSW calculates the AM modulation depth from the level differences of the
delta markers to the main marker and outputs the numeric value in the marker
information.
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6.1.5.3

MultiView =2 Spectrum

Ref Level -10 dBm RBW
0dBE  SWT 8.3 s(~16 ms) VBW Mode Auto FFT

1 AM Mod Depth

9.9900 kHz
M1[1] -30.27 dBm
128.0000000 MHz

CF 128.0 MHz 1001 pts 5.0 kHz/ Span 50.0 kHz

2 Marker Table
Type Ref Trc X-Value Y-Value Function Function Result
M1 1 128.0 MHz -30.27 dBm
M1 1 9.99 kHz -12.05 dB MDepth 49.897 %
M1 1 -9.99 kHz -12.06 dB

Figure 6-10: Measurement of the AM modulation depth

The modulation depth is displayed as "MDepth" . The frequency of the AF signal can
be obtained from the frequency display of the delta marker.

Measuring AM-Modulated Signals

The R&S FSW rectifies the RF input signal (that is, removes the negative parts) and
displays it as a magnitude spectrum. The rectification also demodulates AM-modulated
signals. The AF voltage can be displayed in zero span if the modulation sidebands fall
within the resolution bandwidth.

Displaying the AF of an AM-modulated signal (Zero Span)

Signal
Generator

Signal
Analyzer

Figure 6-11: Test setup

Table 6-5: Signal generator settings (e.g. R&S SMW)

Frequency 128 MHz
Level -30 dBm
Modulation 50 % AM, 1 kHz AF

1. Select [PRESET] to reset the instrument.

2. Set the center frequency to 128 MHz.

e
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3. Set the frequency span to 0 Hz or select "Zero Span" .
4. Setthe sweep time to 2.5 ms.

5. Set the reference level to 6 dBm and the display range to linear ([AMPT] > "Scale
Config" > "Scaling" : "Linear Percent" ).

6. Define triggering in response to the AF signal using the video trigger to produce a
static image.

a) Press the [TRIG] key.
b) Select "Video" .
c) Setthe "Trg/Gate Level" to 50%.

The trigger level is displayed as a horizontal line across the entire measurement
diagram. The R&S FSW displays the 1 kHz AF signal as a static image in zero
span.

MultiView =2 Spectrum

Ref Level -10.00 dBm
Att 0dB  SWT 8.37 ms (~16 ms) 500 Hz Mode Auto FFT
1 AM Mod Depth
i =3
9.9900 kHz
M1[1] -30.27 dBm
128.0000000 MHz

D2[1]

CF 128.0 MHz 1001 pts 5.0 kHz/ Span 50.0 kHz

2 Marker Table
Type Ref Trc ¥-Value Y-Value Function Function Result
M1 1 128.0 MHz -30.27 dBm
D2 M1 1 9.99 kHz -12.05 dB MDepth 49.897 %
D3 M1 1 -9.99 kHz -12.06 dB

Figure 6-12: Measurement of the AF signal of a carrier that is AM-modulated with 1 kHz

7. Activate the internal AM demodulator to output the audio signal.

a) Press the [MKR FUNC] key.

b) Select "Marker Demodulation” .
The R&S FSW automatically switches on the AM audio demodulator. A 1 kHz
tone can be heard over headset (via the PHONES connector). If necessary,
use the volume control to turn up the volume.

6.1.6 Measurement Examples in Zero Span

For radio transmission systems that use the TDMA method (for example, GSM), trans-
mission quality is determined not only by spectral characteristics but also by character-
istics in zero span. A timeslot is assigned to each user since several users share the

e
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Basic Measurements

same frequency. Smooth operation is ensured only if all users adhere exactly to their
assigned timeslots.

Both the power during the send phase as well as the timing and duration of the TDMA
burst, and rise and fall times of the burst, are important.

e Measuring the Power Characteristic of Burst Signals.......ccccccoviiiiiiiiiicnnn, 147
e Measuring the Signal-to-Noise Ratio of Burst Signals..........ccccoooiiiiiiiiiiies 150

Measuring the Power Characteristic of Burst Signals

To measure power in zero span, the R&S FSW offers easy-to-use functions that mea-
sure the power over a predefined time.

Measuring the Power of a GSM Burst During the Activation Phase

Signal Signal
Genarator > Analyzer

Figure 6-13: Test setup

Table 6-6: Signal generator settings (e.g. R&S SMW)

Frequency 890 MHz
Level 0dBm
Modulation GSM, one timeslot activated

1. Select [PRESET] to reset the instrument.

Set the center frequency to 890 MHz ([FREQ)]).

Set the frequency span to 0 Hz ([SPAN] > "Zero Span").

Set the reference level to 10 dBm (= level of the signal generator +10 dB) (AMPT).
Set the attenuation to 20 dB ([AMPT] > "RF Atten Manual" ).

Set the resolution bandwidth to 1 MHz ([BW] > "Res BW" ).

N o o bk~ w D

Set the sweep time to 7 ms ([SWEEP] > "Sweep Time Manual" ).
The R&S FSW shows the GSM burst continuously across the display.

8. Using the video trigger, set triggering on the rising edge of the burst.

a) Press the [TRIG] key.
b) Setthe "Trg Source" to "Video" .
c) Setthe "Trg/Gate Level" to 70%.

The R&S FSW shows a static image with the GSM burst at the start of the trace.
The trigger level is displayed as a horizontal line labeled with the absolute level for
the trigger threshold in the measurement diagram.
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9. Activate power measurement within the activation phase of the burst in zero span.

a) Press the [MEAS] key.

b) Select "Time Domain Power" .

c) Select "Time Dom Power Config" .

d) Set the "Limits" state to "On" .

e) Select the "Left Limit" input field.

f) By turning the rotary knob clockwise, move the vertical line "S1" to the start of
the burst.

g) Select the "Right Limit" input field.

h) By turning the rotary knob clockwise, move the vertical line "S2" to the end of
the burst.

The R&S FSW displays the average (mean) power during the activation phase of
the burst.

MultiView =2 Spectrum

Ref Level 10.00 ® RBW 1 MHz
Att OdE ® SWT 1 ms VBW 1MHz
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CF 890.0 MHz 1001 pts 100.0 ps/

2 Marker Table
Type Ref Trc X-Value Y-Value Function Function Result

M1 1 500.0 ps -0.56 dBm TD P -0.59 dBm

Figure 6-14: Measurement of the average power during the burst of a GSM signal

Measuring the Edges of a GSM Burst with High Time Resolution

Due to the high time resolution of the R&S FSW at the 0 Hz display range, the edges
of TDMA bursts can be measured precisely. The edges can be shifted to the display
area using the trigger offset.

Signal
Generator

Signal
Analyzer

Figure 6-15: Test setup

e
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Table 6-7: Signal generator settings (e.g. R&S SMW)

Frequency 890 MHz
Level 0dBm
Modulation GSM, one timeslot activated

The measurement is based on the example "Measuring the Power of a GSM Burst
During the Activation Phase" on page 147.

1.

Switch off the power measurement.

a) Press the [MEAS] key.
b) Select "Zero Span".

Increase the time resolution by setting the sweep time to 700 us ((SWEEP] >
"Sweep Time Manual").

Shift the rising edge of the GSM burst to the center of the display by defining a trig-
ger offset.

a) Press the [TRIG] key.

b) Select "Trigger Offset" .

c) By turning the rotary knob counterclockwise, reduce the trigger offset until the
burst edge is displayed in the center of the display, or enter -50 us.
The R&S FSW displays the rising edge of the GSM burst.

Multiview == Spectrum

Ref Level 10,00 dBm ® RBW 1 MHz
dB ® SWT 100 us  VBW 1 MHz

o

ﬂ

lI
CF 890.0 MHz 1001 pts

Figure 6-16: Rising edge of the GSM burst displayed with high time resolution

4. Move the falling edge of the burst to the center of the display. To do so, switch the

trigger "Slope" to "Falling" ([TRIG] > "Trigger/ Gate Config" ).
The R&S FSW displays the falling edge of the GSM burst.

s
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Ref Level 10 r ® RBW 1 MHz
Att dB ® SWT 100us VBW 1MHz
C

49,5000 ps

CF 890.0 MHz 1001 pts

Figure 6-17: Falling edge of the GSM burst displayed with high time resolution

6.1.6.2 Measuring the Signal-to-Noise Ratio of Burst Signals

When TDMA transmission methods are used, the signal-to-noise ratio or the dynamic
range for deactivation can be measured by comparing the power values during the
activation phase and the deactivation phase of the transmission burst. Therefore, the
R&S FSW provides a measurement for absolute and relative power in zero span. In
the following example, the measurement is performed using a GSM burst.

Signal-to-Noise Ratio of a GSM Signal

Signal
Generator

Signal
Analyzer

Figure 6-18: Test setup

Table 6-8: Signal generator settings (e.g. R&S SMW)

Frequency 890 MHz
Level 0 dBm
Modulation GSM, one time slot is switched on

1. Select [PRESET] to reset the instrument.
Set the center frequency to 890 MHz.
Set the frequency span to 0 Hz.

> w0 BN

Set the resolution bandwidth to 7 MHz.

e
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Set the reference level to 0 dBm (= level of the signal generator).

6. Setthe sweep time to 2 ms ((SWEEP] > "Sweep Time Manual" ).
The R&S FSW shows the GSM burst continuously across the display.

7. Use the trigger source "Video" and the trigger slope "Rising" to trigger on the rising
edge of the burst and shift the start of the burst to the center of the display (see
step 3 in "Measuring the Edges of a GSM Burst with High Time Resolution"
on page 148).

8. Activate power measurement within the activation phase of the burst in zero span.

a) Press the [MEAS] key.

b) Select "Time Domain Power" .

c) Select "Time Dom Power Config" .

d) Set the "Limits" state to "On" .

e) Select the "Left Limit" input field.

f) By turning the rotary knob clockwise, move the vertical line "S1" to the start of
the burst.

g) Select the "Right Limit" input field.

h) By turning the rotary knob clockwise, move the vertical line "S2" to the end of
the burst.

i) Note down the power result for the burst, indicated by the "TD Pow RMS" result
in the marker table.

9. Measure the power during the deactivation phase of the burst by switching the trig-
ger slope to "Falling" ([TRIG] > "Trigger/ Gate Config" ).

The R&S FSW initiates triggering in response to the falling edge of the burst. This
shifts the burst to the left-hand side of the measurement diagram. The power is
measured in the deactivation phase.

MultiView =2 Spectrum

Ref Level 0.00 dBm ® RBW 1 MHz
10dE ® SWT 2ms  VBW 1 MHz

D
1 Tlme Domain Power ® 153 A

[ M1[1] -83.26 dBm

1.00000 ms
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CF 890.0 MHz 1001 p 200. O i1s/
2 Marker Table

Type Ref Trc ¥-Value Y-Value Function Function Result
M1 1 1.0 ms -83.99 dBm TD Pc ] -84.65 dBm

Figure 6-19: Measurement of the signal-to-noise ratio of a GSM burst signal in zero span

User Manual 1173.9411.02 — 41 151



R&S®FSW

Measurements and Results

6.2

6.2.1

10. Note down the power result for the measured noise, indicated by the "TD Pow
RMS" result in the marker table.

Subtract the measured noise power from the burst power to obtain the signal-to-
noise ratio of the burst signal.

Channel Power and Adjacent-Channel Power (ACLR)
Measurement
Measuring the power in channels adjacent to the carrier or transmission channel is

useful to detect interference. The results are displayed as a bar chart for the individual
channels.

o About Channel Power Measur€mMeNts..........c.ooovviviiiieeeeeieiiieeeee e e e e e e e e e 152
o  Channel POWEr RESUILS........couuiiiiieeecei ettt 153
0 Channel POWEN BaSICS.....oiiiiiiiiiie ettt ettt e et 155
e Channel Power Configuration.........c.coueu oo 166
o MSR ACLR Configuration..........oocueiiiiiiiiiiee e 176
e How to Perform Channel Power Measurements...........cuuveeiveiieeieiieeeeeeeeiee e, 191
o Measurement EXampIES........uuuuuiiiiiie i 196
e Optimizing and Troubleshooting the Measurement..............cccoovvrvririiiviiiiiiiinnnnnnn. 202
o Reference: Predefined CP/ACLR Standards.........cccooeeveviiiiieiiiieiiiieeeeeeeeieeeeeeee, 203
o Reference: Predefined ACLR User Standard XML Files........ccccceeeeviiivvieeneeerennne. 204

About Channel Power Measurements

Measuring channel power and adjacent channel power is one of the most important
tasks during signal analysis with the necessary test routines in the field of digital trans-
mission. Theoretically, a power meter could be used to measure channel power at
highest accuracy. However, its low selectivity means that it is not suitable for measur-
ing adjacent channel power as an absolute value or relative to the transmit channel
power. Only a selective power meter can measure the power in the adjacent channels.

A signal analyzer cannot be classified as a true power meter, because it displays the IF
envelope voltage. However, it is calibrated such as to display the power of a pure sine
wave signal correctly, irrespective of the selected detector. This calibration cannot be
applied for non-sinusoidal signals. Assuming that the digitally modulated signal has a
Gaussian amplitude distribution, the signal power within the selected resolution band-
width can be obtained using correction factors. The internal power measurement rou-
tines in a signal analyzer normally use these correction factors to determine the signal
power from IF envelope measurements. These factors apply if and only if the assump-
tion of a Gaussian amplitude distribution is correct.

Apart from this common method, the R&S FSW also has a true power detector, i.e. an
RMS detector. It displays the power of the test signal within the selected resolution
bandwidth correctly, irrespective of the amplitude distribution, without additional correc-
tion factors being required.

|
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The R&S FSW software allows you to perform ACLR measurements on input contain-
ing multiple signals for different communication standards. A measurement standard is
provided that allows you to define multiple discontiguous transmit channels at specified
frequencies, independent from the selected center frequency. The ACLR measurement
determines the power levels of the individual transmit, adjacent, and gap channels, as
well as the total power for each sub block of transmit channels.

A detailed measurement example is provided in Chapter 6.2.7, "Measurement Exam-
ples", on page 196.

Channel Power Results

For channel or adjacent-channel power measurements, the individual channels are
indicated by different colored bars in the diagram. The height of each bar corresponds
to the measured power of that channel. In addition, the name of the channel ( "Adj" ,
"Alt %1" , "Tx %1" , etc., or a user-defined name) is indicated above the bar (separated
by a line which has no further meaning).

For "Fast ACLR" measurements, which are performed in the time domain, the power
versus time is shown for each channel.

Multi-standard radio (MSR) channel power results

The channel power results for MSR signals are described in Chapter 6.2.3.4, "Mea-
surement on Multi-Standard Radio (MSR) Signals", on page 162.

MultiView =2 Spectrum

Ref Level 0.00 dBm ® RBW 10 kHz
Att 7dB SWT 6 ns) ® VBW 300 kHz Mode Auto FFT
1 ACLR

CF 850.0 MHz 1001 pts 419.0 kHz/ Span 4.19 MHz

2 Result Summary CDMA 2000
t 1 Offset Power
-0.54 dBm
-0.54 dBm
Offset Lower Upper
750.000 kHz -82.63 dBc -81.48 dBc
Hz -87.64 dBc -87.02 dBc

Results are provided for the TX channel and the number of defined adjacent channels
above and below the TX channel. If more than one TX channel is defined, you must
specify the channel to which the relative adjacent-channel power values refer. By
default, it is the TX channel with the maximum power.
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Table 6-9: Measurements performed depending on the number of adjacent channels

Number | Measurement results
of adj.
chan.
0 Channel powers
1 ®  Channel powers
Power of the upper and lower adjacent channel
2 ®  Channel powers
®  Power of the upper and lower adjacent channel
®  Power of the next higher and lower channel (alternate channel 1)
3 ®  Channel powers
®  Power of the upper and lower adjacent channel
®  Power of the next higher and lower channel (alternate channel 1)
®  Power of the second next higher and lower adjacent channel (alternate channel 2)
12 ®  Channel powers
®  Power of the upper and lower adjacent channel
®  Power of all the higher and lower channels (alternate channels 1 to 11)

is labeled "Adj" (adjacent) channel; all others are labeled "Alt" (alternate) channels. In

6 In the R&S FSW display, only the first neighboring channel of the carrier (TX) channel
this manual, "Adjacent" refers to both adjacent and alternate channels.

The measured power values for the TX and adjacent channels are also output as a
table in the Result Summary window. Which powers are measured depends on the
number of configured channels.

For each channel, the following values are displayed:

Label Description

Channel Channel name as specified in the "Channel Settings" (see " Channel Names "
on page 175).

Bandwidth Configured channel bandwidth (see " Channel Bandwidth " on page 173)

Offset Offset of the channel to the TX channel (configured channel spacing, see " Channel
Bandwidth " on page 173)

Power The measured power values for the TX and lower and upper adjacent channels. The
powers of the transmission channels are output in dBm or dBm/Hz, or in dBc, relative

Lower/Upper
(Low pper) to the specified reference TX channel.

Retrieving Results via Remote Control

All or specific channel power measurement results can be retrieved using the
CALC:MARK: FUNC: POW:RES? command from a remote computer (see
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:RESult? on page 831).
Alternatively, the results can be output as channel power density, i.e. in reference to
the measurement bandwidth.

Furthermore, the measured power values of the displayed trace can be retrieved as
usual using the TRAC: DATA? commands (see TRACe<n> [ : DATA] on page 1116). In
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Channel Power and Adjacent-Channel Power (ACLR) Measurement

this case, the measured power value for each sweep point (by default 1001) is
returned.

For a full list of remote commands for ACLR measurements, see Chapter 13.5.3.9,
"Retrieving and Analyzing Measurement Results", on page 866.

Channel Power Basics
Some background knowledge on basic terms and principles used in channel power

measurements is provided here for a better understanding of the required configuration
settings.

o  Measurement MEthOUS.......cciiiiieeiii e e e 155
e Measurement Repeatability..........ccccouiiiiiiiiie e 157
e Recommended Common Measurement Parameters...........ccccceeeevvvveveeeevevevvvvnnnnn. 158
e Measurement on Multi-Standard Radio (MSR) Signals........cc.cceccveveeiiciireeenneneen. 162

Measurement Methods

The channel power is defined as the integration of the power across the channel band-
width.

The Adjacent Channel Leakage Power Ratio (ACLR) is also known as the Adjacent
Channel Power Ratio (ACPR). It is defined as the ratio between the total power of the
adjacent channel to the power of the carrier channel. An ACLR measurement with sev-
eral carrier channels (also known as transmission or TX channels) is also possible and
is referred to as a multicarrier ACLR measurement.

There are two possible methods for measuring channel and adjacent channel power
with a signal analyzer:

® IBW method (Integration BandWidth method)
® Fast ACLR (Zero-span method ), i.e. using a channel filter

IBW method

When measuring the channel power, the R&S FSW integrates the linear power which
corresponds to the levels of the measurement points within the selected channel. The
signal analyzer uses a resolution bandwidth which is far smaller than the channel
bandwidth. When sweeping over the channel, the channel filter is formed by the pass-
band characteristics of the resolution bandwidth.
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Figure 6-20: Approximating the channel filter by sweeping with a small resolution bandwidth
The following steps are performed:

1. The linear power of all the trace points within the channel is calculated.
P, = 10(Li0)

Where P; = power of the trace pixel i
L; = displayed level of trace point i

2. The powers of all trace points within the channel are summed up and the sum is
divided by the number of trace points in the channel.

3. The result is multiplied by the quotient of the selected channel bandwidth and the
noise bandwidth of the resolution filter (RBW).

Since the power calculation is performed by integrating the trace within the channel
bandwidth, this method is called the IBW method (Integration Bandwidth method).

Fast ACLR

The integrated bandwidth method (IBW) calculates channel power and ACLR from the
trace data obtained during a continuous sweep over the selected span. Most parts of
this sweep are not part of the channel itself or the defined adjacent channels. There-
fore, most of the samples taken during the sweep time cannot be used for channel
power or ACLR calculation.

To decrease the measurement times, the R&S FSW offers a "Fast ACLR" mode. In
Fast ACLR mode, the power of the frequency range between the channels of interest
is not measured, because it is not required for channel power or ACLR calculation. The
measurement time per channel is set with the sweep time. It is equal to the selected
measurement time divided by the selected number of channels.

In the "Fast ACLR" mode, the R&S FSW measures the power of each channel in the
time domain, with the defined channel bandwidth, at the center frequency of the chan-
nel in question. The digital implementation of the resolution bandwidths makes it possi-
ble to select filter characteristics that are precisely tailored to the signal. For
CDMA2000, for example, the power in the useful channel is measured with a band-
width of 1.23 MHz. The power of the adjacent channels is measured with a bandwidth
of 30 kHz. Therefore the R&S FSW changes from one channel to the other and meas-
ures the power at a bandwidth of 1.23 MHz or 30 kHz using the RMS detector.
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MultiView =2 Spectrum
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2 Result Summary CDMA 2000
Channel Bandwidth Offset Power
1 IHz -10.63 dBm
-10.63 dBm
Bandwidth Offset Lower Upper
Hz 7 H, -8§3.93 dBc -83.98 dBc
-86.29 dBc -86.15 dBc

Figure 6-21: Measuring the channel power and adjacent channel power ratio for CDMA2000 signals
with zero span (Fast ACLR)

6.2.3.2 Measurement Repeatability

The repeatability of the results, especially in the narrow adjacent channels, strongly
depends on the measurement time for a given resolution bandwidth. A longer sweep
time can increase the probability that the measured value converges to the true value
of the adjacent channel power, but obviously increases measurement time.

Assume a measurement with five channels (1 channel plus 2 lower and 2 upper adja-
cent channels) and a sweep time of 100 ms. This measurement requires a measure-
ment time per channel of 20 ms. To calculate the power in one channel, the analyzer
considers the following number of effective samples:

<sweep time in channel> * <selected resolution bandwidth>

For example, for a sweep time of 100 ms the analyzer considers (30 kHz / 4.19 MHz) *
100 ms * 10 kHz = 7 samples. Whereas in Fast ACLR mode, it considers (100 ms /5) *
30 kHz = 600 samples. If you compare these numbers, you understand the increase of
repeatability with a 95 % confidence level (20). It rises from + 2.8 dB in normal mode to
+ 0.34 dB in Fast ACLR mode for a sweep time of 100 ms.

For the same repeatability, the integration method requires a sweep time of 8.5 s. The
Figure 6-22 shows the standard deviation of the results as a function of the sweep
time.
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Figure 6-22: Repeatability of adjacent channel power measurement on CDMA2000 standard signals if
the integration bandwidth method is used

The Figure 6-23 shows the repeatability of power measurements in the transmit chan-
nel and of relative power measurements in the adjacent channels as a function of
sweep time. The standard deviation of measurement results is calculated from 100
consecutive measurements. Consider the scaling when you compare power values.
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Figure 6-23: Repeatability of adjacent channel power measurements on CDMA2000 signals in the fast
ACLR mode

6.2.3.3 Recommended Common Measurement Parameters

The following sections provide recommendations on the most important measurement
parameters for channel power measurements.
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All instrument settings for the selected channel setup (channel bandwidth, channel
spacing) can be optimized automatically using the "Adjust Settings" function (see "Opti-
mized Settings ( Adjust Settings )" on page 172).

The easiest way to configure a measurement is using the configuration "Overview" ,

see Chapter 7.1, "Configuration Overview", on page 353.
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Sweep Time

The "Sweep Time" is selected depending on the desired reproducibility of results.
Reproducibility increases with "Sweep Time" since power measurement is then per-
formed over a longer time period. As a general approach, approximately 500 non-cor-
related measured values are required for a reproducibility of 0.5 dB. (That means:

95 % of the measurements are within 0.5 dB of the true measured value). Approxi-
mately 5000 measured values are required for a reproducibility of 0.1 dB (99 %).
These values are valid for white noise. The measured values are considered as non-
correlated if their time interval corresponds to the reciprocal of the measured band-
width.

The number of A/D converter values, N, used to calculate the power, is defined by the
"Sweep Time" . The time per trace pixel for power measurements is directly propor-
tional to the selected "Sweep Time" .

If the sample detector is used, it is best to select the smallest "Sweep Time" possible
for a given span and resolution bandwidth. The minimum time is obtained if the setting
is coupled, that is: the time per measurement is minimal. Extending the measurement
time does not have any advantages. The number of samples for calculating the power
is defined by the number of trace points in the channel.

If the RMS detector is used, the selection of "Sweep Time" s can affect the repeatabil-
ity of the measurement results. Repeatability is increased at longer "Sweep Time" s.

If the RMS detector is used, the number of samples can be estimated as follows:

Since only uncorrelated samples contribute to the RMS value, the number of samples
can be calculated from the "Sweep Time" and the resolution bandwidth.

Samples can be assumed to be uncorrelated if sampling is performed at intervals of 1/
RBW. The number of uncorrelated samples is calculated as follows:

Ngecorr = SWT * RBW
(Ngecorr means uncorrelated samples)

The number of uncorrelated samples per trace pixel is obtained by dividing Ngecor bY
1001 (= pixels per trace).
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The "Sweep Time" can be defined using the softkey in the "Ch Power" menu or in the
"Sweep" configuration dialog box (see " Sweep Time " on page 172).

Frequency Span

The frequency span must cover at least the channels to be measured plus a measure-
ment margin of approximately 10 %.

If the frequency span is large in comparison to the channel bandwidth (or the adjacent-
channel bandwidths) being analyzed, only a few points on the trace are available per
channel. The calculated waveform for the used channel filter is less accurate, which
has a negative effect on the measurement accuracy. It is therefore strongly recommen-
ded that you consider the described formulas when you select the frequency span.

The frequency span for the defined channel settings can be optimized. Use the "Adjust
Settings" function in the "Ch Power" menu or the "General Settings" tab of the "ACLR
Setup" dialog box (see "Optimized Settings ( Adjust Settings )" on page 172). You can
set the frequency span manually in the "Frequency" configuration dialog box.

(See Chapter 7.3.4, "How To Define the Frequency Range", on page 444.)

For channel power measurements the "Adjust Settings" function sets the frequency
span as follows:

"(No. of transmission channels — 1) x transmission channel spacing + 2 x transmission
channel bandwidth + measurement margin"

For adjacent-channel power measurements, the "Adjust Settings" function sets the fre-
quency span as a function of the following parameters:

® Number of transmission channels
® Transmission channel spacing
® Adjacent-channel spacing

® Bandwidth of one of adjacent-channels ADJ, ALT1 or ALT2, whichever is furthest
away from the transmission channels

"(No. of transmission channels — 1) * (transmission channel spacing + 2) * (adjacent-
channel spacing + adjacent-channel bandwidth) + measurement margin"

The measurement margin is approximately 10 % of the value obtained by adding the
channel spacing and the channel bandwidth.

Resolution Bandwidth (RBW)

It is important to suppress spectral components outside the channel to be measured,
especially of the adjacent channels. At the same time, you expect an acceptable mea-
surement speed. To fulfill both these requirements, the appropriate resolution band-
width is essential. As a general approach, set the resolution bandwidth to values
between 1 % and 4 % of the channel bandwidth.

If the spectrum within the channel to be measured and the spectrum around the chan-
nel has a flat characteristic, you can select a larger resolution bandwidth. In the stan-
dard setting, e.g. for standard IS95A REV at an adjacent channel bandwidth of 30 kHz,
a resolution bandwidth of 30 kHz is used. This yields correct results since the spectrum
near the adjacent channels normally has a constant level.
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You can optimize the resolution bandwidth for the defined channel settings. Use the
"Adjust Settings" function in the "Ch Power" menu or the "General Settings" tab of the
"ACLR Setup" dialog box (see "Optimized Settings ( Adjust Settings )" on page 172).
You can set the RBW manually in the "Bandwidth" configuration dialog box, see " RBW
"on page 344.

Except for the IS95 CDMA standards, the "Adjust Settings" function sets the resolution
bandwidth (RBW) as a function of the channel bandwidth:

"RBW" = 1/40 of "Channel Bandwidth"

The maximum resolution bandwidth (concerning the requirement RBW < 1/40) result-
ing from the available RBW steps (1, 3) is selected.

Video Bandwidth (VBW)

For a correct power measurement, the video signal must not be limited in bandwidth. A
restricted bandwidth of the logarithmic video signal causes signal averaging and thus
results in a too low indication of the power (-2.51 dB at very low video bandwidths).
Thus, select the video bandwidth at least three times the resolution bandwidth:

VBW 23 * RBW

For FFT sweeps, instead of increasing the VBW, you can also select the trace average
mode "Power" to ensure correct power measurements (see " Average Mode "

on page 581). Note that in power measurements this setting affects the VBW regard-
less of whether or not a trace is actually averaged.

The video bandwidth for the defined channel settings can be optimized. Use the
"Adjust Settings" function in the "Ch Power" menu or the "General Settings" tab of the
"ACLR Setup" dialog box (see "Optimized Settings ( Adjust Settings )" on page 172).
You can set the VBW manually in the "Bandwidth" configuration dialog box, see " VBW
"on page 464.

The video bandwidth (VBW) is set as a function of the channel bandwidth (see formula
above) and the smallest possible VBW with regard to the available step size is
selected.

Detector

The RMS detector correctly indicates the power irrespective of the characteristics of
the signal to be measured. The whole IF envelope is used to calculate the power for
each measurement point. The IF envelope is digitized using a sampling frequency
which is at least five times the resolution bandwidth which has been selected. Based
on the sample values, the power is calculated for each measurement point using the
following formula:

P, .= L isz
RMS N P i

Where:
s; = linear digitized video voltage at the output of the A/D converter

N = number of A/D converter values per measurement point
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Prus = power represented by a measurement point

When the power has been calculated, the power units are converted into decibels and
the value is displayed as a measurement point.

In principle, the sample detector would be possible as well. Due to the limited number
of measurement points used to calculate the power in the channel, the sample detector
would yield less stable results.

The RMS detector can be set for the defined channel settings automatically. Use the
"Adjust Settings" function in the "Ch Power" menu or the "General Settings" tab of the
"ACLR Setup" dialog box (see "Optimized Settings ( Adjust Settings )" on page 172).
You can set the detector manually in the "Traces" configuration dialog box, see "
Detector " on page 580.

Trace Averaging

Avoid averaging, which is often performed to stabilize the measurement results but
leads to a level indication that is too low. The reduction in the displayed power depends
on the number of averages and the signal characteristics in the channel to be mea-
sured.

The "Adjust Settings" function switches off trace averaging. You can deactivate the
trace averaging manually in the "Traces" configuration dialog box, see " Average Mode
"on page 581.

Reference Level

To achieve an optimum dynamic range, set the reference level so that the signal is as
close to the reference level as possible without forcing an overload message. However,
if the signal-to-noise ratio becomes too small, the dynamic range is also limited. The
measurement bandwidth for channel power measurements is significantly smaller than
the signal bandwidth. Thus, the signal path can be overloaded although the trace is still
significantly below the reference level.

Selecting a predefined standard or automatically adjusting settings does not affect the
reference level. The reference level can be set automatically using the "Auto Level"
function in the [Auto Set] menu, or manually in the "Amplitude" menu.

6.2.3.4

Measurement on Multi-Standard Radio (MSR) Signals

Modern base stations can contain multiple signals for different communication stand-
ards. A new measurement standard is provided for the R&S FSW ACLR measurement
that allows you to measure such MSR signals, including non-contiguous setups. Multi-
ple (also non-) contiguous transmit channels can be specified at absolute frequencies,
independent from the common center frequency selected for display.

Signal structure

Up to 18 transmit channels can be grouped in a maximum of 5 sub blocks. Between
two sub blocks, two gaps are defined: a lower gap and an upper gap. Each gap in turn
contains two channels (gap channels). The channels in the upper gap are identical to
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those in the lower gap, but inverted. To either side of the outermost transmit channels,
lower and upper adjacent channels can be defined as in common ACLR measurement
setups.

bt '_.I_Il'
bt byl oy i A ok S Mg

CF 1.015 GHz 2.9 MHz/ Span 129.0 MHz

e A sbe [ UerAl ] [_UmerA ]
s ey -
: Lower : A Gapl : : A Gapt : Upper
A AN Lower - A A Upper

A Gap2 A Gap2

Figure 6-24: MSR signal structure

Sub block and channel definition

The sub blocks are defined by a specified center frequency, RF bandwidth, and num-
ber of transmit channels.

CF CF
Tx1 Tx2

Figure 6-25: Sub block definition
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As opposed to common ACLR channel definitions, the Tx channels are defined at
absolute frequencies, rather than by a spacing relative to the (common) center fre-
quency. Each transmit channel can be assigned a different technology, used to prede-
fine the required bandwidth.

Gap channels and CACLR

If two or more sub blocks are defined, the power in the gaps between the sub blocks
must also be measured. Gap channels are defined using bandwidths and spacings,
relative to the outer edges of the surrounding sub blocks. Since the upper and lower
gap channels are symmetrical, only two gap channels must be configured. The
required spacing can be determined according to the following formula (indicated for
lower channels):

Spacing = [CF of the gap channel] - [left sub block center] + ([RF bandwidth of left sub
block] /2)

AILTE_10M1

AILTE_10MZ

e v g by

Sub block CF

Figure 6-26: Gap channel definition for lower gap

According to the MSR standard, the Cumulative Adjacent Channel Leakage Ratio
(CACLR) power must be determined for the gap channels. The CACLR power is mea-
sured in the two gap channels for the upper and lower gap. The power in the gap chan-
nels is then set in relation to the power of the two closest transmission channels to
either side of the gap. The CACLR power for the gap channels is indicated in the
Result Summary.

In addition, the ACLR power for the individual gap channels is indicated in the Result
Summary. The ACLR power of the lower gap channels refers to the TX channel to the

User Manual 1173.9411.02 — 41 164



Channel Power and Adjacent-Channel Power (ACLR) Measurement

left of the gap. The ACLR power of the upper gap channels refers to the TX channel to
the right of the gap. A separate relative limit value can be defined for the ACLR power.

Adjacent channels

Adjacent channels are defined as in common ACLR measurements using bandwidths
and spacings, relative to the uppermost or lowermost transmit channels in the sub
blocks (see also Figure 6-24):

® The spacing of the lower adjacent channels refers to the CF of the first Tx channel
in the first sub block.

® The spacing of the upper adjacent channels refers to the CF of the last Tx channel
in the last sub block.

The upper and lower adjacent channels can also be defined asymmetrically (see "

6 Symmetrical Adjacent Setup " on page 181). This is particularly useful if the lowest Tx
channel and highest Tx channel use different standards and thus require different
bandwidths for adjacent channel power measurement.

Channel display for MSR signals

As in common ACLR measurements, the individual channels are indicated by different
colored bars in the diagram. The height of each bar corresponds to the measured
power of that channel. In addition, the name of the channel is indicated above the bar.
Sub blocks are named A,B,C,D,E and are also indicated by a slim blue bar along the
frequency axis.

Tx channel names correspond to the specified technology (for LTE including the band-
width), followed by a consecutive number. (If the channel is too narrow to display the

channel name, "..." is displayed instead.) The assigned sub block is indicated with the
channel name, e.g. "B: LTE_5M1" for the first Tx channel in sub block B that uses the
LTE 5 MHz bandwidth technology.

Adjacent and alternate channels are displayed as in common ACLR measurements.

Gap channels are indicated using the following syntax:

® The names of the surrounding sub blocks (e.g. "AB" for the gap between sub
blocks A and B),

® The channel name ( "Gap1" or "Gap2")
e "L" (for lower) or "U" (for upper)

For example: "ABGap1L" indicates the first lower gap channel between sub blocks A
and B

Both the lower and upper gap channels are displayed.
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The gap channels can be hidden if they do not reach a minimum size, or deactivated

@ entirely. This enhances the result display, as fewer lines and bars are displayed. If gap
channels are deactivated, the power results are not calculated and thus are not shown
in the Result Summary table.

Furthermore, channel names for all TX, adjacent, and alternate channels are now user-
definable.

Channel power results

The Result Summary for MSR signal measurements is similar to the table for common
signals (see Chapter 6.2.2, "Channel Power Results", on page 153). However, the Tx
channel results are grouped by sub blocks, and sub block totals are provided instead
of a total Tx channel power. Instead of the individual channel frequency offsets, the
absolute center frequencies are indicated for the transmit channels.

The CACLR and ACLR power results for each gap channel are appended at the end of
the table. The CACLR results are calculated as the power in the gap channel divided
by the power sum of the two closest transmission channels to either side of it.

Bandwidth FECUENCY Power
1,015 MH a Y -19.11 dBm
15 M a -19.21 dBm
-16.15 dBm

Power
-18.72 dBm
-18 dBm
ACLR Power
-56.31 dB
-47.50 dB
-58.46 dB
-56.97 dB
ACLR Power CACLR Power
-45.85 dB -49.11 dB
-45.30 dB -48.07 dB
-61.51 dB -64.78 dB
-60.62 dB -63.39 dB

Figure 6-27: Result summary for asymmetrical channel definition

Remote command:

CALCulate:MARKer:FUNCtion:POWer<sb>:RESult? GACLr or
CALCulate:MARKer:FUNCtion:POWer<sb>:RESult? MACM , see
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:RESult? on page 831

Restrictions and dependencies

As the signal structure in multi-standard radio signals can vary considerably, you can
define the channels very flexibly for the ACLR measurement with the R&S FSW. No
checks or limitations are implemented concerning the channel definitions, apart from
the maximum number of channels to be defined. Thus, you are not notified if transmit
channels for a specific sub block lie outside the defined frequency range for the sub
block, or if transmit and gap channels overlap.

6.2.4 Channel Power Configuration

Access: "Overview" > "Select Measurement" > "Channel Power ACLR" >"CP / ACLR
Config"
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Both Channel Power (CP) and Adjacent-Channel Power (ACLR) measurements are
available.

If the "Multi-Standard Radio" standard is selected (see " Standard " on page 168), the
"ACLR Setup" dialog box is replaced by the "MSR ACLR Setup" dialog box. See Chap-
ter 6.2.5, "MSR ACLR Configuration”, on page 176 for a description of these settings.

6.2.4.1

ACLR Setup s

General Settings Channel Settings
Standard

None Tx [

Manage User Standards

Reference Channel Max Power Tx Channel ACLR Mode Abs
Noise Cancellation Power Unit Abs

Fast ACLR Power Mode = CLRW  Max Hold

‘ Set CP Reference Adjust Settings

The remote commands required to perform these tasks are described in Chap-
ter 13.5.3, "Measuring the Channel Power and ACLR", on page 835.

e General CP/ACLR Measurement Settings........ccccuviiiiiiiiiiiiiiieeeeee e 167
L J O F= o T 1= IR T= ) (1] o PSSR 172

General CP/ACLR Measurement Settings

General measurement settings are defined in the "ACLR Setup" dialog, in the "General
Settings" tab.

5] =116 F=T (e [T 168

L Predefined StANAAIAS .......eeeveeeeeeeeeeee e eeeeeeeeeeeeeeeeeeeenereeeeneseeeeeseesseseeseenens 168

L USEE STANAAIAS ..ottt eeeee et et e e e e e e e e e e e eneeeeeneeeneneans 168
Number of channels: TX , Ad] .uuuuriieiiiiie e e e e e aee s 169
Y= =] LT3 O g =T | 1= N 170
[N[OY IS OF= T aTeTY | F=1 (o] o I 170
FASt ACLR ... e et e e e e e e e e 171
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1= (= Tor (Yo I I = o7 S P PURRPRR 171
Absolute and Relative Values (ACLR MOdE) ......cuueiiiiiiiiiiiiiiieeieeiee e 171
Channel power level and density ( Power Unit )........ccoooiiiiiiiieeieee e 171
POWET IMOTE ...ttt e e st e e s e e e e saneeee s 171
Setting a fixed reference for Channel Power measurements ( Set CP Reference )... 172
Optimized Settings ( Adjust SEttNGS ).eeeeeeiiiiiicceee e 172
SWEED TIME ettt e e e e e e e e e e e e e e e e et ettt eete et aeseseseeaaaaaaasaseeseesenennes 172
Standard

The main measurement settings can be stored as a standard file. When such a stan-
dard is loaded, the required channel and general measurement settings are automati-
cally set on the R&S FSW. However, the settings can be changed. Predefined stand-
ards are available for standard measurements, but standard files with user-defined
configurations can also be created.

Note: If the "Multi-Standard Radio" standard is selected, the "ACLR Setup" dialog box
is replaced by the "MSR ACLR Setup" dialog box (see Chapter 6.2.5, "MSR ACLR
Configuration”, on page 176).

If any other predefined standard (or "NONE" ) is selected, the "ACLR Setup" dialog box
is restored (see Chapter 6.2.4, "Channel Power Configuration", on page 166).

Note that changes in the configuration are not stored when the dialog boxes are
exchanged.

Predefined Standards < Standard

Predefined standards contain the main measurement settings for standard measure-
ments. When such a standard is loaded, the required channel settings are automati-
cally set on the R&S FSW. However, the settings can be changed.

The predefined standards contain the following settings:

Channel bandwidths

Channel spacings

Detector

Trace Average setting

Resolution Bandwidth (RBW)

® Weighting Filter

Predefined standards can be selected via the "CP / ACLR Standard" softkey in the "Ch
Power" menu or in the "General Settings" tab of the "CP / ACLR Config" dialog box.

For details on the available standards, see Chapter 6.2.9, "Reference: Predefined CP/
ACLR Standards", on page 203.

Remote command:
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:PRESet on page 835

User Standards — Standard
Access: "CP / ACLR Config" > "General Settings" tab > "Manage User Standards"

In addition to the predefined standards, you can save your own standards with your
specific measurement settings in an XML file so you can use them again later. User-
defined standards are stored on the instrument in the

C:\Program Files (x86)\Rohde-Schwarz\FSW\<version>\acp_ std direc-
tory.
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A sample file is provided for an MSR ACLR measurement (MSR_ACLRExample.xml).
It sets up the measurement for the MSR signal generator waveform described in the
file C:\R_S\INSTR\USER\waveform\MSRA GSM WCDMA LTE GSM.wv.

Note that ACLR user standards are not supported for Fast ACLR and multicarrier
ACLR measurements.

Note: User standards created on an analyzer of the R&S FSP family are compatible to
the R&S FSW. User standards created on an R&S FSW, however, are not necessarily
compatible to the analyzers of the R&S FSP family and may not work there.

The following parameter definitions are saved in a user-defined standard:
® Number of adjacent channels

® Channel bandwidth of transmission (Tx), adjacent (Adj) and alternate (Alt) chan-
nels

Channel spacings

Weighting filters

Resolution bandwidth

Video bandwidth

Detector

ACLR limits and their state

"Sweep Time" and "Sweep Time" coupling

Trace and power mode

(MSR only: sub block and gap channel definition)

Save the current measurement settings as a user-defined standard, load a stored mea-
surement configuration, or delete an existing configuration file.

For details see Chapter 6.2.6.4, "How to Manage User-Defined Configurations",
on page 195.

Remote command:

To query all available standards:
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:STANdard:CATalog?
on page 836

To load a standard:
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:PRESet on page 835
To save a standard:
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:STANdard:SAVE

on page 836

To delete a standard:
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:STANdard:DELete
on page 836

Number of channels: Tx , Adj
Up to 18 carrier channels and up to 12 adjacent channels can be defined.

Results are provided for the Tx channel and the number of defined adjacent channels
above and below the Tx channel. If more than one Tx channel is defined, the carrier
channel to which the relative adjacent-channel power values should be referenced
must be defined (see " Reference Channel " on page 170).

Note: If several carriers (Tx channels) are activated for the measurement, the number
of sweep points is increased to ensure that adjacent-channel powers are measured
with adequate accuracy.
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For more information on how the number of channels affects the measured powers,
see Chapter 6.2.2, "Channel Power Results", on page 153.

Remote command:

Number of Tx channels:

[SENSe: ] POWer:ACHannel : TXCHannel : COUNt on page 841
Number of Adjacent channels:

[SENSe: ] POWer:ACHannel :ACPairs on page 837

Reference Channel

The measured power values in the adjacent channels can be displayed relative to the
transmission channel. If more than one Tx channel is defined, define which one is used
as a reference channel.

Tx Channel 1 Transmission channel 1 is used.
(Not available for MSR ACLR)

Min Power Tx Channel | The transmission channel with the lowest power is used as a reference channel.

Max Power Tx Chan- | The transmission channel with the highest power is used as a reference channel

nel (Default).
Lowest & Highest The outer left-hand transmission channel is the reference channel for the lower
Channel adjacent channels, the outer right-hand transmission channel that for the upper

adjacent channels.

Remote command:
[SENSe: ] POWer:ACHannel :REFerence: TXCHannel :MANual on page 844
[SENSe: ] POWer:ACHannel :REFerence: TXCHannel : AUTO on page 844

Noise Cancellation
The R&S FSW can correct the results by removing the inherent noise of the analyzer,
which increases the dynamic range.

In this case, a reference measurement of the inherent noise of the analyzer is carried
out. The measured noise power is then subtracted from the power in the channel that
is being analyzed (first active trace only).

The inherent noise of the instrument depends on the selected center frequency, resolu-
tion bandwidth and level setting. Therefore, the correction function is disabled when-
ever one of these parameters is changed. A disable message is displayed on the
screen. To enable the correction function after changing one of these settings, activate
it again. A new reference measurement is carried out.

Noise cancellation is also available in zero span.

Currently, noise cancellation is only available for the following trace detectors (see "
Detector " on page 580):

® RMS

® Average
® Sample
[ ]

Positive peak

Remote command:
[SENSe: ] POWer:NCORrection on page 1015
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Fast ACLR

If activated, instead of using the IBW method, the R&S FSW sets the center frequency
to the different channel center frequencies consecutively and measures the power with
the selected measurement time (= sweep time/number of channels).

Remote command:
[SENSe: ] POWer:HSPeed on page 851

Selected Trace
The CP/ACLR measurement can be performed on any active trace.

Remote command:
[SENSe: ] POWer: TRACe on page 834

Absolute and Relative Values (ACLR Mode)
The powers of the adjacent channels are output in dBm or dBm/Hz (absolute values),
or in dBc, relative to the specified reference Tx channel.

"Abs" The absolute power in the adjacent channels is displayed in the unit
of the y-axis, e.g. in dBm, dBuV.

"Rel" The level of the adjacent channels is displayed relative to the level of
the transmission channel in dBc.

Remote command:
[SENSe: ] POWer:ACHannel :MODE on page 869

Channel power level and density ( Power Unit )

By default, the channel power is displayed in absolute values. If "/Hz" is activated, the
channel power density is displayed instead. Thus, the absolute unit of the channel
power is switched from dBm to dBm/Hz.

Note: The channel power density in dBm/Hz corresponds to the power inside a band-
width of 1 Hz and is calculated as follows:
"channel power density = channel power — log;o(channel bandwidth)"

Thus you can measure the signal/noise power density, for example, or use the addi-
tional functions Absolute and Relative Values (ACLR Mode) and Reference Channel to
obtain the signal to noise ratio.

Remote command:
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:RESult:PHZ on page 868

Power Mode

The measured power values can be displayed directly for each trace ( "Clear/ Write" ),
or only the maximum values over a series of measurements can be displayed ( "Max
Hold" ). In the latter case, the power values are calculated from the current trace and
compared with the previous power value using a maximum algorithm. The higher value
is retained. If "Max Hold" mode is activated, "Pwr Max" is indicated in the table header.
Note that the trace mode remains unaffected by this setting.

Remote command:
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:MODE on page 830
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Setting a fixed reference for Channel Power measurements ( Set CP Reference )
If only one Tx channel and no adjacent channels are defined, the currently measured

channel power can be used as a fixed reference value for subsequent channel power
measurements.

When you select this button, the channel power currently measured on the Tx channel
is stored as a fixed reference power. In the following channel power measurements,
the power is indicated relative to the fixed reference power. The reference value is dis-
played in the "Reference" field (in relative ACLR mode); the default value is 0 dBm.

Note: In adjacent-channel power measurement, the power is always referenced to a
transmission channel (see " Reference Channel " on page 170), thus, this function is
not available.

Remote command:
[SENSe: ] POWer:ACHannel :REFerence:AUTO ONCE on page 844

Optimized Settings ( Adjust Settings )
All instrument settings for the selected channel setup (channel bandwidth, channel
spacing) can be optimized automatically.

The adjustment is carried out only once. If necessary, the instrument settings can be
changed later.

The following settings are optimized by "Adjust Settings" :
"Frequency Span" on page 160

"Resolution Bandwidth (RBW)" on page 160

"Video Bandwidth (VBW)" on page 161

"Detector" on page 161
"Trace Averaging" on page 162

Note: The reference level is not affected by this function. To adjust the reference level
automatically, use the Setting the Reference Level Automatically ( Auto Level ) function
in the [Auto Set] menu.

Remote command:
[SENSe: ] POWer:ACHannel : PRESet on page 834

Sweep Time

With the RMS detector, a longer "Sweep Time" increases the stability of the measure-
ment results. For recommendations on setting this parameter, see " Sweep Time "

on page 159.

The "Sweep Time" can be set via the softkey in the "Ch Power" menu and is identical
to the general setting in the "Sweep" configuration dialog box.

Remote command:
[SENSe<n>:]SWEep: TIME on page 1011

Channel Setup

The "Channel Settings" tab in the "ACLR Setup" dialog box provides all the channel
settings to configure the channel power or ACLR measurement. You can define the
channel settings for all channels, independent of the defined number of used Tx or

adjacent channels (see " Number of channels: Tx , Adj " on page 169).
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For details on setting up channels, see Chapter 6.2.6.2, "How to Set Up the Channels",
on page 192.

N\ In addition to the specific channel settings, the general settings " Standard "
) on page 168 and " Number of channels: Tx , Adj " on page 169 are also available in
this tab.

The following settings are available in individual subtabs of the "Channel Settings" tab.

Channel BandWidth ......... s e e e e —————— 173
(010 F= T 1= ST o F=Tod [ Vo TSP 174
013 O =Y o PSSR 174
WeIghting FIEIS ..ooeeeeiie e e e e 175
Channel NAMES .....oooiieeei ettt ettt ee e e e e e e eeaaaaaaeeeeeeeeeeesenes 175

Channel Bandwidth
ACLR Setup

General Settings Channel Settings
Standard

EUTRA/LTE Square

Manage User Standards el 2

Bandwidths Spacing Limits Weighting Filters Names

9.015 MHz 9.015 MHz

9.015 MHz 9.015 MHz

9.015 MHz 9.015 MHz

9.015 MHz 9.015 MHz

9.015 MHz 9.015 MHz

9.015 MHz 9.015 MHz

9.015 MHz 9.015 MHz

The Tx channel bandwidth is normally defined by the transmission standard.

The correct bandwidth is set automatically for the selected standard. The bandwidth for
each channel is indicated by a colored bar in the display.

For measurements that require channel bandwidths which deviate from those defined
in the selected standard, use the IBW method ( "Fast ACLR" "Off" ). With the IBW
method, the channel bandwidth borders are right and left of the channel center fre-
quency. Thus, you can visually check whether the entire power of the signal under test
is within the selected channel bandwidth.

|
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The value entered for any Tx channel is automatically also defined for all subsequent
Tx channels. Thus, only enter one value if all Tx channels have the same bandwidth.

The value entered for any ADJ or ALT channel is automatically also defined for all
alternate (ALT) channels. Thus, only enter one value if all adjacent channels have the
same bandwidth.

Remote command:

[SENSe: ] POWer:ACHannel : BANDwidth [ : CHANnel<ch>] on page 838
[SENSe: ] POWer:ACHannel :BANDwidth:ACHannel on page 837
[SENSe: ] POWer:ACHannel :BANDwidth:ALTernate<ch> on page 838

Channel Spacings
Channel spacings are normally defined by the transmission standard but can be

changed.

If the spacings are not equal, the channel distribution in relation to the center frequency
is as follows:

Odd number of Tx channels The middle Tx channel is centered to center frequency.

Even number of Tx channels The two Tx channels in the middle are used to calculate the fre-

quency between those two channels. This frequency is aligned to
the center frequency.

The spacings between all Tx channels can be defined individually. When you change
the spacing for one channel, the value is automatically also defined for all subsequent
Tx channels. This allows you to set up a system with equal Tx channel spacing quickly.
For different spacings, set up the channels from top to bottom.

Tx1-2 Spacing between the first and the second carrier

Tx2-3 Spacing between the second and the third carrier

If you change the adjacent-channel spacing (ADJ), all higher adjacent channel spac-
ings (ALT1, ALT2, ...) are multiplied by the same factor (new spacing value/old spacing
value). Again, only enter one value for equal channel spacing. For different spacing,
configure the spacings from top to bottom.

For details, see Chapter 6.2.6.2, "How to Set Up the Channels", on page 192

Remote command:

[SENSe: ] POWer:ACHannel : SPACing:CHANnel<ch> on page 840
[SENSe: ] POWer:ACHannel :SPACing[:ACHannel] on page 840
[SENSe: ] POWer:ACHannel : SPACing:ALTernate<ch> on page 840

Limit Check

During an ACLR measurement, the power values can be checked whether they
exceed user-defined or standard-defined limits. A relative or absolute limit can be
defined, or both. Both limit types are considered, regardless whether the measured lev-
els are absolute or relative values. The check of both limit values can be activated
independently. If any active limit value is exceeded, the measured value is displayed in
red and marked by a preceding asterisk in the result table.
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Power Abs Po it

053 GHz -40.68 dBm -71.22 dB -17.18 dB
268 GHz =-340.13 dBm i -20.63 dB
-52.60 dBm
-54.30 dBm
-51.51 dBm
270 GHz =54.13 dBm -84.67 dB -33.63 dB

10355 GHz -51.94 dBm -82.48 dB -19.44 dB
10725 GHz -40.01 dBm -70.55 dB -20.51 dB
10911 GHz -40.28 dBm -70.82 dB -16.78 dB

The results of the power limit checks are also indicated in the STAT: QUES : ACPL sta-
tus registry (see "STATus:QUEStionable:ACPLimit Register" on page 755).

Remote command:

CALCulate<n>:LIMit<li>:ACPower[:STATe] on page 850
CALCulate<n>:LIMit<1li>:ACPower:ACHannel:ABSolute:STATe on page 846
CALCulate<n>:LIMit<li>:ACPower:ACHannel :ABSolute on page 845
CALCulate<n>:LIMit<li>:ACPower:ACHannel[:RELative] :STATe

on page 847

CALCulate<n>:LIMit<1li>:ACPower:ACHannel [:RELative] on page 846
CALCulate<n>:LIMit<li>:ACPower:ALTernate<ch>:ABSolute:STATe

on page 848
CALCulate<n>:LIMit<1li>:ACPower:ALTernate<ch>:ABSolute on page 848
CALCulate<n>:LIMit<li>:ACPower:ALTernate<ch>[:RELative] :STATe
on page 850
CALCulate<n>:LIMit<li>:ACPower:ALTernate<ch>[:RELative]

on page 849

CALCulate<n>:LIMit<1i>:ACPower:ACHannel:RESult? on page 846

Weighting Filters

Weighting filters allow you to determine the influence of individual channels on the total
measurement result. For each channel you can activate or deactivate the use of the
weighting filter and define an individual weighting factor ( "Alpha:" value).

Weighting filters are not available for all supported standards and cannot always be
defined manually where they are available.

Remote command:

Activating/Deactivating:

[SENSe: ] POWer:ACHannel:FILTer [:STATe] : CHANnel<ch> on page 843
[SENSe: ] POWer:ACHannel :FILTer [:STATe] :ACHannel on page 842
[SENSe: ] POWer:ACHannel :FILTer [:STATe] :ALTernate<ch> on page 843
Alpha value:

[SENSe: ] POWer:ACHannel :FILTer:ALPHa:CHANnel<ch> on page 842
[SENSe: ] POWer:ACHannel :FILTer:ALPHa:ACHannel on page 841

[SENSe: ] POWer:ACHannel :FILTer:ALPHa:ALTernate<ch> on page 842

Channel Names

In the R&S FSW's display, carrier channels are labeled "Tx" by default; the first neigh-
boring channel is labeled "Adj" (adjacent) channel; all others are labeled "Alt" (alter-
nate) channels. You can define user-specific channel names for each channel which
are displayed in the result diagram and result table.
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Remote command:

[SENSe: ] POWer:ACHannel : NAME : ACHannel on page 839
[SENSe: ] POWer:ACHannel :NAME: ALTernate<ch> on page 839
[SENSe: ] POWer:ACHannel : NAME : CHANnel<ch> on page 839

6.2.5 MSR ACLR Configuration

Access: "Overview" > "Select Measurement" > "Channel Power ACLR" > "CP / ACLR
Standard" > "Standard" : "Multi-Standard Radio" > "CP / ACLR Config"

ACLR measurements can also be performed on input containing multiple signals for
different communication standards. A new measurement standard is provided that
allows you to define multiple discontiguous transmit channels at specified frequencies,
independent from the selected center frequency. If the "Multi-Standard Radio" standard
is selected (see " Standard " on page 168), the "ACLR Setup" dialog box is replaced by
the "MSR ACLR Setup" dialog box.

For more information, see Chapter 6.2.3.4, "Measurement on Multi-Standard Radio
(MSR) Signals", on page 162.

The remote commands required to perform these tasks are described in Chap-
ter 13.5.3, "Measuring the Channel Power and ACLR", on page 835.

e General MSR ACLR Measurement Settings.......cccuuveeeiiieeeeiiiiesciiiieeeeeeee e e 176
e MSR Sub Block and Tx Channel Definition........c.cccccveiiriieie e 182
o MSR Adjacent Channel SEIUP........occuuiiieiiiiiiiee et seeee e 184
o MSR Gap Channel Setup.........cooo e 187
o MSR Channel Names. ... .o e e e 190

6.2.5.1 General MSR ACLR Measurement Settings

Access: "Overview" > "Select Measurement" > "Channel Power ACLR" > "CP / ACLR
Standard" > "Standard" : "Multi-Standard Radio" > "CP / ACLR Config" > "MSR Gen-
eral Settings" tab
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MSR ACLR Setup

MSR General Settings Tx Channels Adjacent Channels Gap Channels Names
Stardard SLb Blocks

Multi-Standard Radio <

Manage User Standards

Reference Channel Max Power Tx Channel ACLR Mode Abs Rel

Noise Cancellation Oon Off Power Unit Abs /Hz

Selected Trace Power Mode CLRW Max Hold

Symmetrical - o
Adjacent Setup Oon Off Limit Checking on Off

Adjust Settings

0] = o = 1o N 177

L Predefined STANAAIAS .......o.eeeeeeeeeeeeeeeee et ee e e et eeeeeeeeeeeeeeeeeeen. 178

L USEEr StANAAIAS ...ttt ettt ee et e e et saeeeeeeneeeeeneeeaen 178
NUMDBEr Of SUD BIOCKS ...uunieiiiiicie e e et e e e eaaaas 179
ReferenCe ChanNEl ........ooouiiieieeeeeei et e e e e e 179
N (oI OF= g [o1=1 | F= 1 To ] o [ SRR 179
ST (=Tt (= To I =TT U 180
Absolute and Relative Values (ACLR MOdE) .......coviiiiiiiiiiiiiiiiieeeee e 180
Channel power level and density ( Power Unit ).......cccoooiiiiiiiniiiiieee e 180
o)=Y Y [ Yo L= PR 181
Optimized Settings ( Adjust SEttiNGS ).eevvvvriiiiiiiiicciiiie e 181
Symmetrical Adjacent SEIUP .....ccooeiiii i ————— 181
Limit CheCKING «...eeeeeie ettt s e e e neeeeas 181
Standard

The main measurement settings can be stored as a standard file. When such a stan-
dard is loaded, the required channel and general measurement settings are automati-
cally set on the R&S FSW. However, the settings can be changed. Predefined stand-
ards are available for standard measurements, but standard files with user-defined
configurations can also be created.

Note: If the "Multi-Standard Radio" standard is selected, the "ACLR Setup" dialog box
is replaced by the "MSR ACLR Setup" dialog box (see Chapter 6.2.5, "MSR ACLR
Configuration", on page 176).

If any other predefined standard (or "NONE" ) is selected, the "ACLR Setup" dialog box
is restored (see Chapter 6.2.4, "Channel Power Configuration", on page 166).

Note that changes in the configuration are not stored when the dialog boxes are
exchanged.

|
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Predefined Standards < Standard

Predefined standards contain the main measurement settings for standard measure-
ments. When such a standard is loaded, the required channel settings are automati-
cally set on the R&S FSW. However, the settings can be changed.

The predefined standards contain the following settings:

Channel bandwidths

Channel spacings

Detector

Trace Average setting

Resolution Bandwidth (RBW)

® Weighting Filter

Predefined standards can be selected via the "CP / ACLR Standard" softkey in the "Ch
Power" menu or in the "General Settings" tab of the "CP / ACLR Config" dialog box.

For details on the available standards, see Chapter 6.2.9, "Reference: Predefined CP/
ACLR Standards", on page 203.

Remote command:
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:PRESet on page 835

User Standards — Standard
Access: "CP / ACLR Config" > "General Settings" tab > "Manage User Standards"

In addition to the predefined standards, you can save your own standards with your
specific measurement settings in an XML file so you can use them again later. User-
defined standards are stored on the instrument in the

C:\Program Files (x86)\Rohde-Schwarz\FSW\<version>\acp std direc-
tory.

A sample file is provided for an MSR ACLR measurement (MSR ACLRExample.xml).
It sets up the measurement for the MSR signal generator waveform described in the
file C:\R_S\INSTR\USER\waveform\MSRA GSM WCDMA LTE GSM.wv.

Note that ACLR user standards are not supported for Fast ACLR and multicarrier
ACLR measurements.

Note: User standards created on an analyzer of the R&S FSP family are compatible to
the R&S FSW. User standards created on an R&S FSW, however, are not necessarily
compatible to the analyzers of the R&S FSP family and may not work there.

The following parameter definitions are saved in a user-defined standard:
® Number of adjacent channels

® Channel bandwidth of transmission (Tx), adjacent (Adj) and alternate (Alt) chan-
nels

Channel spacings

Weighting filters

Resolution bandwidth

Video bandwidth

Detector

ACLR limits and their state

"Sweep Time" and "Sweep Time" coupling

Trace and power mode

(MSR only: sub block and gap channel definition)
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Save the current measurement settings as a user-defined standard, load a stored mea-
surement configuration, or delete an existing configuration file.

For details see Chapter 6.2.6.4, "How to Manage User-Defined Configurations",
on page 195.

Remote command:

To query all available standards:
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:STANdard:CATalog?
on page 836

To load a standard:
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:PRESet on page 835
To save a standard:
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:STANdard:SAVE

on page 836

To delete a standard:
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:STANdard:DELete
on page 836

Number of Sub Blocks
Defines the number of sub blocks, i.e. groups of transmission channels in an MSR sig-
nal.

For more information, see Chapter 6.2.3.4, "Measurement on Multi-Standard Radio
(MSR) Signals", on page 162.

Remote command:
[SENSe: ] POWer:ACHannel : SBCount on page 853

Reference Channel

The measured power values in the adjacent channels can be displayed relative to the
transmission channel. If more than one Tx channel is defined, define which one is used
as a reference channel.

Tx Channel 1 Transmission channel 1 is used.
(Not available for MSR ACLR)

Min Power Tx Channel | The transmission channel with the lowest power is used as a reference channel.

Max Power Tx Chan- | The transmission channel with the highest power is used as a reference channel

nel (Default).
Lowest & Highest The outer left-hand transmission channel is the reference channel for the lower
Channel adjacent channels, the outer right-hand transmission channel that for the upper

adjacent channels.

Remote command:
[SENSe: ] POWer:ACHannel :REFerence: TXCHannel :MANual on page 844
[SENSe: ] POWer:ACHannel :REFerence: TXCHannel : AUTO on page 844

Noise Cancellation

The R&S FSW can correct the results by removing the inherent noise of the analyzer,
which increases the dynamic range.
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In this case, a reference measurement of the inherent noise of the analyzer is carried
out. The measured noise power is then subtracted from the power in the channel that
is being analyzed (first active trace only).

The inherent noise of the instrument depends on the selected center frequency, resolu-
tion bandwidth and level setting. Therefore, the correction function is disabled when-
ever one of these parameters is changed. A disable message is displayed on the
screen. To enable the correction function after changing one of these settings, activate
it again. A new reference measurement is carried out.

Noise cancellation is also available in zero span.

Currently, noise cancellation is only available for the following trace detectors (see "
Detector " on page 580):

e RMS

® Average
e Sample
o

Positive peak

Remote command:
[SENSe: ] POWer:NCORrection on page 1015

Selected Trace
The CP/ACLR measurement can be performed on any active trace.

Remote command:
[SENSe: ] POWer: TRACe on page 834

Absolute and Relative Values (ACLR Mode)
The powers of the adjacent channels are output in dBm or dBm/Hz (absolute values),
or in dBc, relative to the specified reference Tx channel.

"Abs" The absolute power in the adjacent channels is displayed in the unit
of the y-axis, e.g. in dBm, dBuV.

"Rel" The level of the adjacent channels is displayed relative to the level of
the transmission channel in dBc.

Remote command:
[SENSe: ] POWer:ACHannel :MODE on page 869

Channel power level and density ( Power Unit)

By default, the channel power is displayed in absolute values. If "/Hz" is activated, the
channel power density is displayed instead. Thus, the absolute unit of the channel
power is switched from dBm to dBm/Hz.

Note: The channel power density in dBm/Hz corresponds to the power inside a band-
width of 1 Hz and is calculated as follows:
"channel power density = channel power — log;o(channel bandwidth)"

Thus you can measure the signal/noise power density, for example, or use the addi-
tional functions Absolute and Relative Values (ACLR Mode) and Reference Channel to
obtain the signal to noise ratio.

Remote command:
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:RESult:PHZ on page 868
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Power Mode

The measured power values can be displayed directly for each trace ( "Clear/ Write" ),
or only the maximum values over a series of measurements can be displayed ( "Max
Hold" ). In the latter case, the power values are calculated from the current trace and
compared with the previous power value using a maximum algorithm. The higher value
is retained. If "Max Hold" mode is activated, "Pwr Max" is indicated in the table header.
Note that the trace mode remains unaffected by this setting.

Remote command:
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:MODE on page 830

Optimized Settings ( Adjust Settings )
All instrument settings for the selected channel setup (channel bandwidth, channel
spacing) can be optimized automatically.

The adjustment is carried out only once. If necessary, the instrument settings can be
changed later.

The following settings are optimized by "Adjust Settings" :
"Frequency Span" on page 160

"Resolution Bandwidth (RBW)" on page 160

"Video Bandwidth (VBW)" on page 161

"Detector" on page 161
"Trace Averaging" on page 162

Note: The reference level is not affected by this function. To adjust the reference level
automatically, use the Setting the Reference Level Automatically ( Auto Level ) function
in the [Auto Set] menu.

Remote command:
[SENSe: ] POWer:ACHannel : PRESet on page 834

Symmetrical Adjacent Setup
If enabled, the upper and lower adjacent and alternate channels are defined symmetri-
cally. This is the default behavior.

If disabled, the upper and lower channels can be configured differently. This is particu-
larly useful if the lowest Tx channel and highest Tx channel use different standards and
thus require different bandwidths for adjacent channel power measurement.

Remote command:
[SENSe: ] POWer:ACHannel : SSETup on page 857

Limit Checking
Activates or deactivates limit checks globally for all adjacent and gap channels. In addi-
tion to this setting, limits must be defined and activated individually for each channel.

The results of the power limit checks are also indicated in the STAT: QUES : ACPL sta-
tus registry (see "STATus:QUEStionable:ACPLimit Register" on page 755).

Remote command:
CALCulate<n>:LIMit<li>:ACPower[:STATe] on page 850
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6.2.5.2 MSR Sub Block and Tx Channel Definition

Access: "Overview" > "Select Measurement" > "Channel Power ACLR" > "CP / ACLR
Standard" > "Standard" : "Multi-Standard Radio" > "CP / ACLR Config" > "Tx Chan-
nels" tab

The "Tx Channels" tab provides all the channel settings to configure sub blocks and Tx
channels in MSR ACLR measurements.

MSR ACLR Setup [
MSR General Settings Tx Channels Adjacent Channels Gap Channels Names

Su
Sub

Block A (o=l \v=ll 985.0 MHz RF Bandwidth PRt g2 Tx Count

=
i)
o
=)
]

Sub % Ch
Block B
Technology Bandwidth Weighting Filter

IF@ AN 980.0 MHz LTE_10_00 9.015 MHz

Tx 2 ([§990.0 MHz LTE_10_00 9.015 MHz

IESEl 1.96 GHz WCDMA 3.84 MHz

I 1.96 GHz WICDMA, 3.84 MHz

P4 1.96 GHz WICDMA, 3.84 MHz

IE4S 1.96 GHz WCDMA 3.84 MHz

LEYAN 1.96 GHz WCDMA 3.84 MHz

B 1.96 GHz WICDMA, 3.84 MHz

IESl 1.96 GHz WCDMA 3.84 MHz

@
=
=
@
=

NNNNNNNEN

For details on MSR signals, see Chapter 6.2.3.4, "Measurement on Multi-Standard
Radio (MSR) Signals", on page 162.

For details on setting up channels, see Chapter 6.2.6.3, "How to Configure an MSR
ACLR Measurement", on page 193.

The Tx channel settings for the individual sub blocks are configured in individual sub-
tabs of the "Tx Channel Settings" tab.
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L Tx Channel Bandwidth .............cccceueieeueurieeeieieieieese e 184
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Sub Block Definition

Sub blocks are groups of transmit channels in an MSR signal. Up to five sub blocks
can be defined. They are defined as an RF bandwidth around a center frequency with
a specific number of transmit channels (max. 18).

Sub blocks are named A,B,C,D,E and are indicated by a slim blue bar along the fre-
quency axis.

Sub Block / Center Freq < Sub Block Definition
Defines the center of an MSR sub block. Note that the position of the sub block also
affects the position of the adjacent gap channels.

Remote command:
[SENSe: ] POWer:ACHannel : SBLock<sb>:FREQuency:CENTer on page 854

RF Bandwidth — Sub Block Definition
Defines the bandwidth of the individual MSR sub block. Note that sub block ranges
also affect the position of the adjacent gap channels.

Remote command:
[SENSe: ] POWer:ACHannel : SBLock<sb>:RFBWidth on page 855

Number of Tx Channels ( Tx Count ) — Sub Block Definition
Defines the number of transmit channels the specific sub block contains. The maxi-
mum is 18 Tx channels.

Remote command:
[SENSe: ] POWer:ACHannel : SBLock<sb>:TXCHannel : COUNt on page 856

Tx Channel Definition

As opposed to common ACLR channel definitions, the Tx channels are defined at
absolute frequencies, rather than by a spacing relative to the (common) center fre-
quency. Each transmit channel can be assigned a different technology, used to prede-
fine the required bandwidth.

The Tx channel settings for the individual sub blocks are configured in individual sub-
tabs of the "Tx Channel Settings" tab.

For details on configuring MSR Tx channels, see Chapter 6.2.6.3, "How to Configure
an MSR ACLR Measurement", on page 193.

Remote command:
[SENSe: ] POWer:ACHannel:SBLock<sb>:NAME [ : CHANnel<ch>] on page 866

Tx Center Frequency — Tx Channel Definition

Defines the (absolute) center frequency of an MSR Tx channel. Each Tx channel is
defined independently of the others; automatic spacing as in common ACLR measure-
ments is not performed.

Note that the position of the adjacent channels is also affected by:

® The position of the first Tx channel in the first sub block
® The position of last Tx channel in the last sub block

Remote command:
[SENSe: ] POWer:ACHannel : SBLock<sb>:CENTer [ : CHANnel<ch>] on page 854
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Technology Used for Transmission < Tx Channel Definition

The technology used for transmission by the individual channel can be defined for
each channel. The required channel bandwidth and use of a weighting filter are pre-
configured automatically according to the selected technology standard.

"GSM" Transmission according to GSM standard

"W-CDMA" Transmission according to W-CDMA standard

"LTE_ xxx"
Transmission according to LTE standard for different channel band-
widths

"USER" User-defined transmission; no automatic preconfiguration possible

Remote command:
[SENSe: ] POWer:ACHannel : SBLock<sb>:TECHnology [ : CHANnel<ch>]
on page 856

Tx Channel Bandwidth < Tx Channel Definition

The Tx channel bandwidth is normally defined by the transmission technology stan-
dard. The correct bandwidth is predefined automatically for the selected technology.
Each Tx channel is defined independently of the others; automatic bandwidth configu-
ration for subsequent channels as in common ACLR measurements is not performed.

The bandwidth for each channel is indicated by a colored bar in the display.

Remote command:
[SENSe: ] POWer:ACHannel :SBLock<sb>:BANDwidth[:CHANnel<ch>]
on page 854

Weighting Filters — Tx Channel Definition

Weighting filters allow you to determine the influence of individual channels on the total
measurement result. For each channel, you can activate or deactivate the use of the
weighting filter and define an individual weighting factor ( "Alpha:" value).

Remote command:

Activating/Deactivating:

[SENSe: ] POWer:ACHannel :FILTer [:STATe] : SBLock<sb>:CHANnel<ch>
on page 853

Alpha value:

[SENSe: ] POWer:ACHannel:FILTer:ALPHa:SBLock<sb>:CHANnel<ch>
on page 853

MSR Adjacent Channel Setup

Access: "Overview" > "Select Measurement" > "Channel Power ACLR" > "CP / ACLR
Standard" > "Standard" : "Multi-Standard Radio" > "CP / ACLR Config" > "Adjacent
Channels" tab

The "Adjacent Channels" tab provides all the channel settings to configure adjacent
and gap channels in MSR ACLR measurements.
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\ For symmetrical channel definition (see " Symmetrical Adjacent Setup " on page 181),
the dialog box is reduced as the upper and lower channels are identical.

MSR ACLR Setup @

MSR General Settings Tx Channels Adjacent Channels Gap Channels Names

Adi Channels

Spacing Bandwidth Weighting Filter  Relative Limit Absolute Limit

ciwer 3.84 MHz 2200m | |
(o= 15.0 MHz 3.84 MHz 2200m | |

Adjacent

Figure 6-28: Asymmetrical adjacent channel definition

For details on setting up channels, see Chapter 6.2.6.3, "How to Configure an MSR
ACLR Measurement", on page 193.
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L LiMit CRECKING .ttt ee et eee s et s s enen e e 187

Number of Adjacent Channels ( Adj Count)

Defines the number of adjacent channels above and below the Tx channel block in an
MSR signal. You must define the carrier channel to which the relative adjacent-channel
power values refer (see " Reference Channel " on page 170).

Remote command:
[SENSe: ] POWer:ACHannel : ACPairs on page 837
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Adjacent Channel Definition
Defines the channels adjacent to the transmission channel block in MSR signals. A
maximum of 12 adjacent channels can be defined.

For MSR signals, adjacent channels are defined in relation to the center frequency of

the first and last transmission channel in the entire block, i.e.:

® The lower adjacent channels are defined in relation to the CF of the first Tx chan-
nel in the first sub block.

® The upper adjacent channels are defined in relation to the CF of the last Tx chan-
nel in the last sub block.

Adjacent channels are named "Adj" and "Alt1" to "Alt11" by default; the names can be
changed manually (see Chapter 6.2.5.5, "MSR Channel Names", on page 190).

In all other respects, channel definition is identical to common ACLR measurements.

Adjacent Channel Spacings < Adjacent Channel Definition

Channel spacings are normally predefined by the selected technology but can be
changed.

For MSR signals, adjacent channels are defined in relation to the center frequency of

the first and last transmission channel in the entire block, i.e.:

® The spacing of the lower adjacent channels refers to the CF of the first Tx channel
in the first sub block.

® The spacing of the upper adjacent channels refers to the CF of the last Tx channel
in the last sub block.

For details, see Chapter 6.2.6.3, "How to Configure an MSR ACLR Measurement",
on page 193

Remote command:

[SENSe: ] POWer:ACHannel : SPACing [ :ACHannel] on page 840

[SENSe: ] POWer:ACHannel : SPACing:ALTernate<ch> on page 840

[SENSe: ] POWer:ACHannel : SPACing:UACHannel on page 857

[SENSe: ] POWer:ACHannel : SPACing:UALTernate<ch> on page 857

Adjacent Channel Bandwidths < Adjacent Channel Definition

The adjacent channel bandwidth is normally predefined by the transmission technology
standard. The correct bandwidth is set automatically for the selected technology. The
bandwidth for each channel is indicated by a colored bar in the display.

Remote command:

[SENSe: ] POWer:ACHannel : BANDwidth:ACHannel on page 837
[SENSe: ] POWer:ACHannel :BANDwidth:ALTernate<ch> on page 838
[SENSe: ] POWer:ACHannel : BANDwidth:UACHannel on page 858
[SENSe: ] POWer:ACHannel : BANDwidth:UALTernate<ch> on page 858

Weighting Filters — Adjacent Channel Definition

Weighting filters allow you to determine the influence of individual channels on the total
measurement result. For each channel, you can activate or deactivate the use of the
weighting filter and define an individual weighting factor ( "Alpha:" value).

Remote command:
Activating/Deactivating:
[SENSe: ] POWer:ACHannel :FILTer [:STATe] : ACHannel on page 842
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FILTer[:STATe] :ALTernate<ch> on page 843
FILTer[:STATe] :UACHannel on page 859

ACHannel:
ACHannel:

[SENSe: ] POWer:
[SENSe: ] POWer:

[SENSe: ] POWer:ACHannel:FILTer [:STATe] :UALTernate<ch> on page 859
Alpha value:

[SENSe: ] POWer:ACHannel :FILTer:ALPHa:ACHannel on page 841

[SENSe: ] POWer:ACHannel :FILTer:ALPHa:ALTernate<ch> on page 842
[SENSe: ] POWer:ACHannel :FILTer:ALPHa:UACHannel on page 858
[SENSe: ] POWer:ACHannel :FILTer:ALPHa:UALTernate<ch> on page 859

Limit Checking < Adjacent Channel Definition

During an ACLR measurement, the power values can be checked whether they
exceed user-defined or standard-defined limits. A relative or absolute limit can be
defined, or both, for each individual adjacent channel. Both limit types are considered,
regardless whether the measured levels are absolute or relative values. The check of
both limit values can be activated independently. If any active limit value is exceeded,
the measured value is displayed in red and marked by a preceding asterisk in the
result table.

Note that in addition to activating limit checking for individual channels, limit checking
must also be activated globally for the MSR ACLR measurement (see " Limit Checking
"on page 181).
2 It Summanry dard Radio
Power
=80.44 dBm
-29.15 dBm

Lower

Upper

-50.37 dB

-49.76 dB

Remote command:

CALCulate<n>:LIMit<li>:ACPower[:STATe] on page 850
CALCulate<n>:LIMit<1li>:ACPower:ACHannel:ABSolute:STATe on page 846
CALCulate<n>:LIMit<1i>:ACPower:ACHannel:ABSolute on page 845
CALCulate<n>:LIMit<li>:ACPower:ACHannel[:RELative] :STATe

on page 847
CALCulate<n>:LIMit<1i>:ACPower:ACHannel[:RELative] on page 846
CALCulate<n>:LIMit<li>:ACPower:ALTernate<ch>:ABSolute:STATe

on page 848
CALCulate<n>:LIMit<1li>:ACPower:ALTernate<ch>:ABSolute on page 848
CALCulate<n>:LIMit<1li>:ACPower:ALTernate<ch>[:RELative] :STATe
on page 850
CALCulate<n>:LIMit<li>:ACPower:ALTernate<ch>[:RELative]

on page 849

CALCulate<n>:LIMit<li>:ACPower:ACHannel:RESult? on page 846

MSR Gap Channel Setup

Access: "Overview" > "Select Measurement" > "Channel Power ACLR" > "CP / ACLR
Standard" > "Standard" : "Multi-Standard Radio" > "CP / ACLR Config" > "Gap Chan-
nels" tab

The "Gap Channels" tab provides all the channel settings to configure adjacent and
gap channels in MSR ACLR measurements.

User Manual 1173.9411.02 — 41

187



R&S®FSW Measurements and Results

MSR ACLR Setup LN

MSR General Settings Tx Channels Adjacent Channels Gap Channels Names

Activate Gaps Oon

Minimum gap size to show Gap 1 JERUN gv

Minimum gap size to show Gap 2 [RLLE gv
CACLR)

Weighting
Filter

Yl M -44.2 dBc

cacle ] BEEL:E

Spacing Bandwidth Absolute Limit Relative Limit

For details on MSR signals, see Chapter 6.2.3.4, "Measurement on Multi-Standard
Radio (MSR) Signals", on page 162.

For details on setting up channels, see Chapter 6.2.6.3, "How to Configure an MSR
ACLR Measurement”, on page 193.

@ 1177= 1 (=K = | SR 188
Minimum gap size to show Gap 1 / Minimum gap size to show Gap 2 ...........ccc... 188
Gap Channel DEfiNItION .......uuiiiiiiiiee e e e e e e e 189
L Gap Channel SPACING .....c.ccveucuieeeeeeeeeeeeeeeee e eee et e e ee et en s en e 189
L Gap Channel BandWIdths ...........cccceeeeueieeeeeeeeeeee e e e 189
L WEIGHEING FIETS ...ttt ee e e e 189
L Limit CRECKING «.vvvvviieeeeeeeeeeeeeeetete ettt ee ettt es e e s s nanaeee 190

Activate Gaps
If enabled, the gap channels are displayed and channel power results are calculated
and displayed in the Result Summary.

Remote command:
[SENSe: ] POWer:ACHannel : AGCHannels on page 863

Minimum gap size to show Gap 1 / Minimum gap size to show Gap 2

If the gap between the sub blocks does not exceed the specified bandwidth, the gap
channels are not displayed in the diagram. The gap channel results are not calculated
in the result summary.

Remote command:
[SENSe: ] POWer:ACHannel : GAP<gap>:MSIZe on page 864
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Gap Channel Definition

Between two sub blocks in an MSR signal, two gaps are defined: a lower gap and an
upper gap. Each gap in turn contains two channels, the gap channels. The channels in
the upper gap are identical to those in the lower gap, but inverted. Thus, in the

R&S FSW MSR ACLR measurement, only two gap channels are configured.

Gap channels are indicated using the following syntax:

® The names of the surrounding sub blocks (e.g. "AB" for the gap between sub
blocks A and B),
The channel name ( "Gap1" or "Gap2")
"L" (for lower) or "U" (for upper)

Gap Channel Spacing < Gap Channel Definition
Gap channel spacings are normally predefined by the MSR standard but can be
changed.

Gap channels are defined using bandwidths and spacings, relative to the outer edges
of the surrounding sub blocks. Since the upper and lower gap channels are identical,
only two channels must be configured. The required spacing can be determined
according to the following formula (indicated for lower channels):

Spacing = [CF of the gap channel] - [left sub block center] + ([RF bandwidth of left sub
block] /2)

(See also Figure 6-25 and Figure 6-26.)

For details, see Chapter 6.2.6.3, "How to Configure an MSR ACLR Measurement",
on page 193.

Remote command:
[SENSe: ] POWer:ACHannel : SPACing:GAP<gap> on page 864

Gap Channel Bandwidths < Gap Channel Definition

The gap channel bandwidth is normally predefined by the transmission technology
standard. The correct bandwidth is set automatically for the selected technology. The
bandwidth for each channel is indicated by a colored bar in the display (if the gap is not
too narrow, see "Channel display for MSR signals" on page 165).

Remote command:
[SENSe: ] POWer:ACHannel : BANDwidth:GAP<gap> on page 863

Weighting Filters — Gap Channel Definition

Weighting filters allow you to determine the influence of individual channels on the total
measurement result. For each channel, you can activate or deactivate the use of the
weighting filter and define an individual weighting factor ( "Alpha:" value).

Remote command:
[SENSe: ] POWer:ACHannel :FILTer [:STATe] : GAP<gap> on page 864
[SENSe: ] POWer:ACHannel :FILTer :ALPHa:GAP<gap> on page 863



Channel Power and Adjacent-Channel Power (ACLR) Measurement

Limit Checking < Gap Channel Definition

During an ACLR measurement, the power values can be checked whether they
exceed user-defined or standard-defined limits. A relative or absolute limit can be
defined, or both, for each individual gap channel. Both limit types are considered,
regardless whether the measured levels are absolute or relative values. The check of
both limit values can be activated independently. Furthermore, relative limits can be
defined and activated individually for ACLR or CACLR power levels.

If any active limit value is exceeded, the measured value is displayed in red and
marked by a preceding asterisk in the result table.

Note that in addition to activating limit checking for individual channels, limit checking
must also be activated globally for the MSR ACLR measurement (see " Limit Checking
"on page 181).

Remote command:

CALCulate<n>:LIMit<li>:ACPower [:STATe] on page 850
CALCulate<n>:LIMit<li>:ACPower:GAP<gap>:ABSolute:STATe on page 860
CALCulate<n>:LIMit<li>:ACPower:GAP<gap>:ACLR[:RELative] :STATe

on page 861
CALCulate<n>:LIMit<li>:ACPower:GAP<gap>[:CACLr] [:RELative] :STATe
on page 862
CALCulate<n>:LIMit<1li>:ACPower:GAP<gap>:ABSolute on page 860
CALCulate<n>:LIMit<1li>:ACPower:GAP<gap>:ACLR[:RELative]

on page 861
CALCulate<n>:LIMit<li>:ACPower:GAP<gap>[:CACLr][:RELative]
on page 862
CALCulate<n>:LIMit<1li>:ACPower:GAP<gap>[:CACLr]:RESult?
on page 868

6.2.5.5 MSR Channel Names
Access: "Overview" > "Select Measurement" > "Channel Power ACLR" > "CP / ACLR
Standard" > "Standard" : "Multi-Standard Radio" > "CP / ACLR Config" > "Names" tab
Channel names for all TX, adjacent, and alternate channels are user-definable.

In the "Names" tab, you can define a customized name for each channel in each sub
block. Note that the names are not checked for uniqueness.
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it Ch
Adjacent

Adj Lower

ALTE_10M2

se=d AdjUpper

AWCDMAL

Alternate 1

AWCDMAZ

Altl Lower

AWCDMAS

lss=d Altl Upper

AWCDMA4

Alternate 2

AWCDMADS

Alt2 Lower

AWCDMAG

szl Alt2 Upper

AWCDMAT

Alternate 3

AWCDMASB

Alt3 Lower

Tx 11

AWCDMAQ

Ise=g Alt3 Upper

-

Altornata 4

Figure 6-29: Channel name definition for asymmetric adjacent channels

Remote command:

[SENSe
[SENSe
[SENSe
[SENSe

[SENSe

: ] POWer
: ] POWer
: ] POWer
: ] POWer

: ] POWer

:ACHannel:

:ACHannel:

:ACHannel:

:ACHannel:

:ACHannel:

SBLock<sb>:NAME [ : CHANnel<ch>] on page 866
NAME : ACHannel on page 839

NAME : ALTernate<ch> on page 839
NAME : UACHannel on page 865

NAME : UALTernate<ch> on page 865

6.2.6 How to Perform Channel Power Measurements

The following step-by-step instructions demonstrate the most common tasks when per-
forming channel power measurements.

Power Measurements", on page 869.

@ For remote operation, see Chapter 13.5.3.10, "Programming Examples for Channel
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How to Perform a Standard Channel Power Measurement.............ccoooiciiiieeeeen. 192
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How to Configure an MSR ACLR Measurement..........cooccuveeieiniiieneiiniieeee e 193
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How to Compare the Tx Channel Power in Successive Measurements............... 196

6.2.6.1 How to Perform a Standard Channel Power Measurement

Performing a channel power or ACLR measurement according to common standards is
a very easy and straightforward task with the R&S FSW.

1.
2.

Press the [MEAS] key or select "Select Measurement" in the "Overview" .
Select "Channel Power ACLR" .

The measurement is started immediately with the default settings.

Select the "CP / ACLR Standard" softkey.

Select a standard from the list.

The measurement is restarted with the predefined settings for the selected stan-
dard.

If necessary, edit the settings for your specific measurement as described in Chap-
ter 6.2.6.2, "How to Set Up the Channels", on page 192, or load a user-defined
configuration (see "To load a user-defined configuration" on page 195).

6.2.6.2 How to Set Up the Channels

Channel definition is the basis for measuring power levels in certain frequency ranges.
Usually, the power levels in one or more carrier (Tx) channels and possibly the adja-
cent channels are of interest. Up to 18 carrier channels and up to 12 adjacent channels
can be defined.

When a measurement standard is selected, all settings including the channel band-
widths and channel spacings are set according to the selected standard. Select a stan-
dard in the "Ch Power" menu or the "ACLR Setup" dialog box. You can adjust the set-
tings afterwards.

Channel setup consists of the following settings:

The number of transmission (Tx) and adjacent channels

The bandwidth of each channel

For multicarrier ACLR measurements: which Tx channel is used as a reference
The spacing between the individual channels

Optionally: the names of the channels displayed in the diagram and result table

Optionally: the influence of individual channels on the total measurement result
( "Weighting Filter" )
Optionally: limits for a limit check on the measured power levels
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@

Changes to an existing standard can be stored as a user-defined standard, see Chap-
ter 6.2.6.4, "How to Manage User-Defined Configurations", on page 195.

» To configure the channels in the "Ch Power" dialog box, select "Ch Power" > "CP /
ACLR Config" > "Channel Settings" tab.

In the "Channel Setup" dialog box, you can define the channel settings for all channels,
independent of the defined number of used Tx or adjacent channels.

6.2.6.3

To define channel spacings
Channel spacings are normally defined by the selected standard but can be changed.

» In the "Channel Settings" tab of the "ACLR Setup" dialog box, select the "Spacing"
subtab.
The value entered for any Tx channel is automatically also defined for all subse-
quent Tx channels. Thus, only enter one value if all Tx channels have the same
spacing.
If the channel spacing for the adjacent or an alternate channel is changed, all
higher alternate channel spacings are multiplied by the same factor (new spacing
value/old spacing value). The lower adjacent-channel spacings remain unchanged.
Only enter one value for equal channel spacing.

Example: Defining channel spacing

In the default setting, the adjacent channels have the following spacing: 20 kHz
("ADJ"), 40 kHz ("ALT1"), 60 kHz ("ALT2"), 80 kHz ("ALT3"), 100 kHz ("ALT4"), ...

Set the spacing of the first adjacent channel ("ADJ") to 40 kHz. For all other adjacent
channels, the spacing is multiplied by factor 2: 80 kHz ("ALT1"), 120 kHz ("ALT2"), 160
kHz ("ALT3"), ...

Starting from the default setting, set the spacing of the fifth adjacent channel ("ALT4")
to 150 kHz. For all higher adjacent channels, the spacing is multiplied by factor 1.5:
180 kHz ("ALT5"), 210 kHz ("ALT6"), 240 kHz ("ALT7"), ...

How to Configure an MSR ACLR Measurement

You configure ACLR measurements on MSR signals in a special configuration dialog
box on the R&S FSW.

1. Press the [MEAS] key or select "Select Measurement" in the "Overview" .

2. Select "Channel Power ACLR" .

The measurement is started immediately with the default settings.
3. Select the "CP / ACLR Standard" softkey.
4. Select the "Multi-Standard Radio" standard from the list.
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5. Select the "CP / ACLR Config" softkey to configure general MSR settings, including
the number of sub blocks (up to 5).
To configure asymmetric adjacent channels, deactivate the "Symmetrical" option in
the general MSR settings.

6. Select the "Tx Channels" tab to configure the sub blocks and transmission chan-
nels.
For each sub block:

a) Define the (center frequency) position and bandwidth of the sub block, as well
as the number of transmission channels it contains.
b) For each transmission channel in the sub block:

Define the center frequency.

Select the technology used for transmission.

Check the bandwidth.

If necessary, define the use of a weighting filter for the channel.

7. Select the "Adjacent Channels" tab to configure the adjacent channels.

8. Define the number of adjacent channels and the settings for each channel:

e The spacing, defined as the distance of the center frequency from the center
frequency of the first transmission channel in the first sub block.
For asymmetrical channels, define the upper adjacent channel spacing as the
distance from the center frequency of the last transmission channel in the last
sub block.
The bandwidth
If necessary, a weighting filter
Optionally, define and activate relative or absolute limits, or both, against which
the power levels of the channel are to be checked.

9. Select the "Gap Channels" tab to configure the gap channels.

10. Define the following settings for the two (upper or lower) gap channels. Since the
upper and lower channels are identical, it is only necessary to configure two chan-
nels.

e The spacing, defined as the distance of the center frequency from the outer
edge of the sub block to the left or right of the gap. You can determine the
required spacing as follows:

Spacing = [CF of the gap channel] - [left sub block center] + ([RF bandwidth of
left sub block] /2)

e The bandwidth
If necessary, a weighting filter
Optionally, define and activate relative or absolute limits, or both, against which
the power levels of the channel are to be checked.

11. If power limits are defined and activated, activate global limit checking for the mea-
surement on the "MSR General Settings" tab.
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12. Optionally, store the settings for the MSR ACLR measurement as a user-defined

standard as described in "To store a user-defined configuration” on page 195. Oth-
erwise the configuration is lost when you select a different measurement standard.

How to Manage User-Defined Configurations

You can define measurement configurations independently of a predefined standard
and save the current ACLR configuration as a "user standard" in an XML file. You can
then load the file and thus the settings again later.

User-defined standards are not supported for "Fast ACLR" and multicarrier ACLR mea-
surements.

Compatibility to R&S FSP

User standards created on an analyzer of the R&S FSP family are compatible to the
R&S FSW. User standards created on an R&S FSW, however, are not necessarily
compatible to the analyzers of the R&S FSP family and may not work there.

To store a user-defined configuration

1.

5.

In the "Ch Power" menu, select the "CP / ACLR Config" softkey to display the
"ACLR Setup" dialog box.

Configure the measurement as required (see also Chapter 6.2.6.2, "How to Set Up
the Channels", on page 192).

In the "General Settings" tab, select the "Manage User Standards" button to display
the "Manage" dialog box.

Define a filename and storage location for the user standard.

By default, the XML file is stored in

C:\Program Files (x86)\Rohde-Schwarz\FSW\<version>\acp std\.
However, you can define any other storage location.

Select "Save" .

To load a user-defined configuration

1.

In the "General Settings" tab of the "ACLR Setup" dialog box, select the "Manage
User Standards" button to display the "Manage" dialog box.

Select the user standard file.
Select "Load" .

The stored settings are automatically set on the R&S FSW and the measurement is
restarted with the new parameters.
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6.2.6.5 How to Compare the Tx Channel Power in Successive Measurements

6.2.7

For power measurements with only one Tx channel and no adjacent channels, you can
define a fixed reference power and compare subsequent measurement results to the
stored reference power.

1.

Configure a measurement with only one Tx channel and no adjacent channels (see
also Chapter 6.2.6.2, "How to Set Up the Channels", on page 192).

In the "ACLR Setup" dialog box, select the "Set CP Reference" button.

The channel power currently measured on the Tx channel is stored as a fixed ref-
erence power. The reference value is displayed in the "Reference" field of the
result table (in relative ACLR mode).

Start a new measurement.

The resulting power is indicated relative to the fixed reference power.
Repeat this for any number of measurements.

To start a new measurement without the fixed reference, temporarily define a sec-
ond channel or preset the instrument.

Measurement Examples

The R&S FSW has test routines for simple channel and adjacent channel power mea-
surements. These routines give quick results without any complex or tedious setting
procedures.

A programming example demonstrating an ACLR measurement in a remote environ-
ment is provided in Chapter 13.5.3.10, "Programming Examples for Channel Power
Measurements", on page 869.

6.2.7.1

Measurement Example 1 — ACPR Measurement on a CDMA2000 Signal.......... 196
Measurement Example 2 — Measuring Adjacent Channel Power of a W-CDMA

L0 0] 1T QT - PP 198
Measurement Example 3 — Measuring the Intrinsic Noise of the R&S FSW with the
Channel Power FUNCHON.......ooiiiii e 201

Measurement Example 1 — ACPR Measurement on a CDMA2000 Signal

Test setup:
Signal Signal
Generator ™ Analyzer
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Signal generator settings (e.g. R&S SMW):

Frequency: 850 MHz
Level: 0 dBm
Modulation: CDMA2000
Procedure:

1. Preset the R&S FSW.

Set the center frequency to 850 MHz.

Set the span to 4 MHz.

Set the reference level to +70 dBm.

Press the [MEAS] key or select "Select Measurement" in the "Overview" .

Select the "Channel Power ACLR" measurement function.

N o o » w0 DN

Set the "CDMA2000" standard for adjacent channel power measurement in the
"ACLR Setup" dialog box.

The R&S FSW sets the channel configuration according to the 2000 standard with
two adjacent channels above and 2 below the transmit channel. The spectrum is
displayed in the upper part of the screen, the numeric values of the results and the
channel configuration in the lower part of the screen. The various channels are rep-
resented by vertical lines on the graph.

The frequency span, resolution bandwidth, video bandwidth and detector are
selected automatically to give correct results. To obtain stable results — especially
in the adjacent channels (30 kHz bandwidth) which are narrow in comparison with
the transmission channel bandwidth (1.23 MHz) — the RMS detector is used.

8. Set the optimal reference level and RF attenuation for the applied signal level using
the "Auto Level" function in the [Auto Set] menu.

The R&S FSW sets the optimal RF attenuation and the reference level based on
the transmission channel power to obtain the maximum dynamic range.
The Figure 6-30 shows the result of the measurement.
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MultiView =2 Spectrum

Ref Level -Z
Mode Auto FFT

CF 850.0 MHz 1001 pts 419.0 kHz/
2 Result Summary CDMA 2000
Channel Offset Power
T -0.80 dBm
-0.80 dBm
Lower Upper
-85.12 dBc -84.79 dBc
-87.36 dBc -89.87 dBc

Figure 6-30: Adjacent channel power measurement on a CDMA2000 signal

6.2.7.2 Measurement Example 2 — Measuring Adjacent Channel Power of a W-CDMA
Uplink Signal

Test setup:

Signal

— |
Generator s R

Signal generator settings (e.g. R&S SMW):

Frequency: 1950 MHz

Level: 4 dBm

Modulation: 3GPP W-CDMA Reverse Link
Procedure:

1. Preset the R&S FSW.
2. Set the center frequency to 1950 MHz.

3. Select the "Channel Power ACLR" measurement function from the "Select Mea-
surement" dialog box.

4. Set the "W-CDMA 3GPP REV" standard for adjacent channel power measurement
in the "ACLR Setup" dialog box.

|
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The R&S FSW sets the channel configuration to the W-CDMA standard for mobiles
with two adjacent channels above and below the transmit channel. The frequency
span, the resolution and video bandwidth and the detector are automatically set to
the correct values. The spectrum is displayed in the upper window and the channel
power, the level ratios of the adjacent channel powers and the channel configura-
tion in the lower window. The individual channels are displayed as bars in the
graph.

5. Set the optimal reference level and RF attenuation for the applied signal level using
the "Auto Level" function.

The R&S FSW sets the optimum RF attenuation and the reference level for the
power in the transmission channel to obtain the maximum dynamic range. The fol-
lowing figure shows the result of the measurement.

MultiView =2 Spectrum

Ref Level
® Att dB ) 300 z Mode Auto FFT
1 ACLR

CF 1,95 GHz 1001 pts — 2.57 MHz/ Span 25.7 MHz
2 Result Summary W-CDMA 3GPP Rev

Ch andwidth Offset Power

Tx 3,840 MHz 2.81 dBm

Tx 2.81 dBm

Channel Bandwidth Offset Lower Upper
> 3

adj 5. -70.48 dBc -72.26 dBc
altl 340 Iv 0. -74.77 dBc -74.29 dBc

Figure 6-31: Measuring the relative adjacent channel power on a W-CDMA uplink signal

The R&S FSW measures the power of the individual channels. A root raised cosine
filter with the parameters a = 0.22 and chip rate 3.84 Mcps (= receive filter for W-
CDMA\) is used as channel filter.

Optimum Level Setting for ACLR Measurements on W-CDMA Signals

The dynamic range for ACLR measurements is limited by the thermal noise floor, the
phase noise and the intermodulation (spectral regrowth) of the signal analyzer. The
power values produced by the R&S FSW due to these factors accumulate linearly.
They depend on the applied level at the input mixer. The three factors are shown in the
figure below for the adjacent channel (5 MHz carrier offset).

|
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Figure 6-32: Dynamic range for ACLR measurements on W-CDMA uplink signals as a function of the
mixer level

The level of the W-CDMA signal at the input mixer is shown on the horizontal axis, i.e.
the measured signal level minus the selected RF attenuation. The individual compo-
nents which contribute to the power in the adjacent channel and the resulting relative
level (total ACPR) in the adjacent channel are displayed on the vertical axis. The opti-
mum mixer level is -12 dBm. The relative adjacent channel power (ACPR) at an opti-
mum mixer level is -77 dBc. At a given signal level, the mixer level is set in 1 dB steps
with the 1 dB RF attenuator. Thus, the optimum range spreads from -10 dBm to

-14 dBm.

To set the attenuation parameter manually, the following method is recommended:

» Set the RF attenuation so that the mixer level (= measured channel power — RF
attenuation) is between -10 dBm and -14 dBm.

This method is automated with the "Auto Level" function. Especially in remote control
mode, e.g. in production environments, set the attenuation parameters correctly before
the measurement. That saves the time required for automatic setting.

)\ To measure the R&S FSW's intrinsic dynamic range for W-CDMA adjacent channel
/) power measurements, a filter which suppresses the adjacent channel power is
required at the output of the transmitter. A SAW filter with a bandwidth of 4 MHz, for
example, can be used.
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6.2.7.3 Measurement Example 3 — Measuring the Intrinsic Noise of the R&S FSW with
the Channel Power Function

Noise in any bandwidth can be measured with the channel power measurement func-
tions. Thus the noise power in a communication channel can be determined, for exam-
ple.

If the noise spectrum within the channel bandwidth is flat, the noise marker can be
used to determine the noise power in the channel by considering the channel band-
width. However, in the following cases, the channel power measurement method must
be used to obtain correct measurement results:

® |f phase noise and noise that normally increases towards the carrier is dominant in
the channel to be measured

® If there are discrete spurious signals in the channel

Test setup:

» Leave the RF input of the R&S FSW open-circuited or terminate it with 50 Q.
Procedure:

1. Preset the R&S FSW.
2. Set the center frequency to 1 GHz and the span to 1 MHz.

3. To obtain maximum sensitivity, set RF attenuation to 0 dB and the reference level
to -40 dBm.

4. Select the "Channel Power ACLR" measurement function from the "Select Mea-
surement" dialog box.

5. Inthe "ACLR Setup" dialog box, set up a single Tx channel with the channel band-
width 1.23 MHz.

6. Select the "Adjust Settings" softkey.
The settings for the frequency span, the bandwidth (RBW and VBW) and the
detector are automatically set to the optimum values required for the measure-
ment.

7. Stabilize the measurement result by increasing the "Sweep Time" .
Set the "Sweep Time" to 7 s.

The trace becomes much smoother because of the RMS detector and the channel
power measurement display is much more stable.
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MultiView =2 Spectrum
Ref Level -40 30 kl SGL

® Att 3 @ SWT 1s @ VBW 10 z ee
1 ACLR ® 1RmM Clrw

CF 1.0 GHz 1001 pts 250.0 kHz/ Span 2.5 MHz

2 Result Summary None
Channel Bandwidth Offset Power
T 1.230 MHz -94.42 dBm
-94.42 dBm

Figure 6-33: Measurement of the R&S FSW's intrinsic noise power in a 1.23 MHz channel band-
width.

6.2.8 Optimizing and Troubleshooting the Measurement

If the results do not meet your expectations, or if you want to minimize the measure-
ment duration, try the following methods to optimize the measurement:

® Only activate as many adjacent channels as necessary to minimize the required
span and thus the required measurement time for the measurement.

® |ncrease the RBW to minimize the measurement time; however, consider the
requirements of the standard if you need to measure according to standard! The
automatic settings are always according to standard.

® Take advantage of the speed optimization mode in the "Sweep" settings if you do
not require the larger dynamic range (see " Optimization " on page 467).

® Reduce the "Sweep Time" and thus the amount of data to be captured and calcu-
lated; however, consider the requirements regarding the standard deviation.

® To improve the stability of the measured results, increase the "Sweep Time",
which also leads to more averaging steps.

® |nstead of trace averaging, use an RMS detector with a higher "Sweep Time" to
obtain better average power results in less time.

® To determine a channel power level quickly, use the Time Domain Power Mea-
surement (TDP) rather than a Channel Power measurement. The TDP measure-
ment is a zero span measurement where the sweep time determines the measure-
ment time. Due to the FFT measurement, duplicate averaging is performed, provid-
ing very stable results very quickly.
Note, however, that for TDP measurements, channel filters are not available and a
fixed RBW is used. Thus, the measurement may not be according to standard for
some test cases.
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6.2.9 Reference: Predefined CP/ACLR Standards

When using predefined standards for ACLR measurement, the test parameters for the
channel and adjacent-channel measurements are configured automatically.

You can select a predefined standard via the "CP / ACLR Standard" softkey in the "Ch
Power" menu or the selection list in the "General Settings" tab of the "ACLR Setup”

dialog box (see " Standard " on page 168).

Table 6-10: Predefined CP / ACLR standards with remote command parameters

Standard Remote parameter
None NONE
Multi-Standard Radio MSR
EUTRA/LTE Square EUTRa
EUTRA/LTE Square/RRC REUTra
W-CDMA 3GPP FWD FW3Gppcdma
W-CDMA 3GPP REV RW3Gppcdma
CDMA IS95A FWD F8CDma
CDMA IS95A REV R8CDma
CDMA IS95C Class 0 FWD*) FIS95c0
CDMA IS95C Class 0 REV*) RIS95c0
CDMA J-STD008 FWD F19Cdma
CDMA J-STD008 REV R19Cdma
CDMA IS95C Class 1 FWD*) FIS95c1
CDMA IS95C Class 1 REV*) RIS95¢1
CDMA2000 S2CDma
TD-SCDMA FWD FTCDma
TD-SCDMA REV TRCDma
WLAN 802.11A AWLAN
WLAN 802.11B BWLAN
WIMAX WIMax
WIBRO WIBRo

GSM GSM

RFID 14443 RFID14443
TETRA TETRa

PDC PDC

PHS PHS

CDPD CDPD
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Standard Remote parameter
APCO-25 P2 PAPCo025

User Standard USER

Customized Standard <string>

For the R&S FSW, the channel spacing is defined as the distance between the center

6 frequency of the adjacent channel and the center frequency of the transmission chan-
nel. The definition of the adjacent-channel spacing in standards 1IS95C and CDMA
2000 is different. These standards define the adjacent-channel spacing from the center
of the transmission channel to the closest border of the adjacent channel. This defini-
tion is also used by the R&S FSW for the standards marked with an asterisk *).

6.2.10 Reference: Predefined ACLR User Standard XML Files

In addition to the predefined standards, some user standards with specific measure-
ment settings for common ACLR measurements are provided in XML files on the
instrument in the

C:\Program Files (x86)\Rohde-Schwarz\FSW\<version>\acp_ std direc-
tory.

In particular, a sample file (MSR_ACLRExample.xml) is provided for an MSR ACLR
measurement. It sets up the measurement for the MSR signal generator waveform
described in the file
C:\R_S\INSTR\USER\waveform\MSRA GSM WCDMA LTE GSM.wv.

Furthermore, the following XML files are provided:

LTE\DL

e LTE\DL\LTE_DL_5MHZ.XML
e |TE\DL\LTE_DL_10MHZ.XML
e LTE\DL\LTE_DL_15MHZ.XML
e |TE\DL\LTE_DL_ 20MHZ.XML

LTE\UL

e | TEWL\WTE_UL_5MHZ.XML
e LTEWL\LTE_UL_10MHZ.XML
e | TEWL\WTE_UL_15MHZ XML
e LTEWL\TE_UL_20MHZ.XML

WLAN
e WLAN\802_ 11ac\802_11ac_20MHZ.XML
e WLAN\802_11ac\802_11ac_40MHZ.XML
e WLAN\802_ 11ac\802_11ac_80MHZ.XML
e WLAN\802_11ac\802_11ac_160MHZ.XML
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"ACLR Setup" dialog box, select the "Manage User Standards" button to display the

@ To load a stored measurement configuration, in the "General Settings" tab of the
"Manage" dialog box. Select the user standard file, then "Load" .

The stored settings are automatically set on the R&S FSW and the measurement is
restarted with the new parameters.

For details, see Chapter 6.2.6.4, "How to Manage User-Defined Configurations”,
on page 195.

6.3 Carrier-to-Noise Measurements

Measures the carrier-to-noise ratio. C/No measurements normalize the ratio to a 1 Hz

bandwidth.

0  ADOUL the MEASUIEMENT........ee et et e e et e e e e e et e e enan s 205
0 Carrier-to-NOISE RESUILS.......oeieei et e e e e e e e e eeen 206
e Carrier-to-Noise Configuration...........iueeeeeiiecccceiiiiee e 206
e How to Determine the Carrier-to-Noise Ratio...........cooevveeeeiiiiiiiiiei e, 208

6.3.1 About the Measurement

The largest signal in the frequency span is the carrier. It is searched when the C/N or
C/Nq function is activated and is marked using a fixed reference marker ( "FXD" ).

To determine the noise power, a channel with a defined bandwidth at the defined cen-
ter frequency is analyzed. The power within this channel is integrated to obtain the
noise power level. (If the carrier is within this channel, an extra step is required to
determine the correct noise power level, see below.)

The noise power of the channel is subtracted from the maximum carrier signal level,
and in the case of a C/Ny measurement, it is referred to a 1 Hz bandwidth.

The carrier-to-noise measurements are only available in the frequency domain (span
>0).

6 For this measurement, the RMS detector is activated.

Measurement process

Depending on whether the carrier is inside or outside the analyzed channel, the mea-
surement process for the carrier-to-noise ratio varies:

® The carrier is outside the analyzed channel: In this case, it is sufficient to switch on
the desired measurement function and to set the channel bandwidth. The carrier/
noise ratio is displayed on the screen.

® The carrier is inside the analyzed channel: In this case, the measurement must be
performed in two steps:
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— First, perform the reference measurement by switching on either the C/N or the
C/Ny measurement and waiting for the end of the next measurement run. The

fixed reference marker is set to the maximum of the measured carrier signal.

— Then, switch off the carrier so that only the noise of the test setup is active in
the channel. The carrier-to-noise ratio is displayed after the subsequent mea-
surement has been completed.

Frequency Span

The frequency span should be set to approximately twice the channel bandwidth in
order to measure the carrier-to-noise ratio correctly. This setting is defined automati-
cally by the "Adjust Settings" function.

6.3.2 Carrier-to-Noise Results

As a result of the carrier-to-noise measurement the evaluated bandwidth and the cal-
culated C/N ratio are displayed in the result window. The fixed reference marker is indi-
cated in the diagram.

Multiview 22 Spectrum ! %

Ref Level 0.00 dBrm RBW

® 1AP Clrw
MI[1] -25.87 dBm
13.2500 GHz

" u Eal i
bW e SN

I Syl il
CF 13.25 GHz 1001 pts . ) 2.65 GHz/ Span 26.5 GHz
2 Result Summary

AT

Nidth 14,000 kHz cM 23.59 dBc

3 Marker Table
Type Ref Trc X-Value ¥-Value Function Function Result
FaD 13.1971 GHz -25.87 dBm
1 13.25 GHz -25.87 dBm

Remote command:

You can also query the determined carrier-to-noise ratio via the remote command
CALC:MARK:FUNC:POW:RES? CN Or CALC:MARK:FUNC:POW:RES? CNO, see
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:RESult? on page 831.

6.3.3 Carrier-to-Noise Configuration

Access: "Overview" > "Select Measurement" > "C/N" / "C/NQO" > "Carrier Noise Config"

|
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Both a carrier-to-noise ratio (C/N) and a carrier-to-noise ratio in relation to the band-
width (C/Ny) measurement are available.

Carrier Noise r 4 X

C I.I'II.N C I.l'lllr.."""::l

Channel Bandwidth RERIR{gr:

Adjust Settings

Carrier-to-noise measurements are not available in zero span mode.

The easiest way to configure a measurement is using the configuration "Overview" ,
see Chapter 7.1, "Configuration Overview", on page 353.

The remote commands required to perform these tasks are described in Chap-
ter 13.5.4, "Measuring the Carrier-to-Noise Ratio", on page 874.

(071 1 TP 207
(071 [ 207
Channel BanAWIdth .......ocoueiiee e e e e e e e e e e e ees 208
F o |18 LSy RS T=] 1 T 1= SN 208
C/N

Switches the measurement of the carrier/noise ratio on or off. If no marker is active,
marker 1 is activated.

The measurement is performed on the trace that marker 1 is assigned to. To shift
marker 1 and measure another trace, use the "Marker To Trace" softkey in the
"Marker" menu (see " Assigning the Marker to a Trace " on page 341).

Remote command:
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:SELect on page 832
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:RESult? on page 831
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>[:STATe] on page 833

C/NO
Switches the measurement of the carrier/noise ratio with reference to a 1 Hz bandwidth
on or off. If no marker is active, marker 1 is activated.

The measurement is performed on the trace that marker 1 is assigned to. To shift
marker 1 and measure another trace, use the "Marker To Trace" softkey in the
"Marker" menu (see " Assigning the Marker to a Trace " on page 341).
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Remote command:
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:SELect on page 832
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:RESult? on page 831
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>[:STATe] on page 833

Channel Bandwidth
Defines the channel bandwidth.

The default setting is 14 kHz.

Remote command:
[SENSe: ] POWer:ACHannel : BANDwidth [ : CHANnel<ch>] on page 838

Adjust Settings
Enables the RMS detector and adjusts the span to the selected channel bandwidth
according to:

"4 x channel bandwidth + measurement margin"
The adjustment is performed once; if necessary, the setting can be changed later on.
Remote command:

[SENSe: ] POWer:ACHannel : PRESet on page 834
How to Determine the Carrier-to-Noise Ratio

The following step-by-step instructions demonstrate how to determine the carrier-to-
noise ratio.

For remote operation, see "Programming example: Measuring the carrier-to-noise
ratio” on page 874.

1. Press the "C/N", "C/NO" softkey to configure the carrier-to-noise ratio measure-
ment.

2. To change the channel bandwidth to be analyzed, press the "Channel Bandwidth"
softkey.

3. To optimize the settings for the selected channel configuration, press the "Adjust
Settings" softkey.

4. To activate the measurements without reference to the bandwidth, press the "C/N"
softkey.
To activate the measurements with reference to the bandwidth, press the "C/N,"
softkey .

5. If the carrier signal is located within the analyzed channel bandwidth, switch off the
carrier signal so that only the noise is displayed in the channel and perform a sec-
ond measurement.

The carrier-to-noise ratio is displayed after the measurement has been completed.
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6.4 Occupied Bandwidth Measurement (OBW)

An important characteristic of a modulated signal is its occupied bandwidth, that is: the
bandwidth which must contain a defined percentage of the power. In a radio communi-
cations system, for instance, the occupied bandwidth must be limited to enable distor-
tion-free transmission in adjacent channels.

o  AboUt the MEasUIEmMENt..........uiiiiiiiiiee e e e e snee 209
®  OBW RESUIS...utiiiiiiiiiiies ittt e e e e st e e s st ae e e e s e b e e e s e e nben e e e ennneeas 211
®  OBW CoNfIQUration........cccoccuieieeiiciiiee et estee et e e s see e e e e snte e e e e s nnree e e e e nnnees 211
e How to Determine the Occupied Bandwidth...........ccccoiiiiiiiiiiiiieeeeee 214
o  Measurement EXample.........oooi i 215

6.4.1 About the Measurement

The occupied bandwidth is defined as the bandwidth containing a defined percentage
of the total transmitted power. A percentage between 10 % and 99.9 % can be set.

Measurement principle

The bandwidth containing 99% of the signal power is to be determined, for example.
The algorithm first calculates the total power of all displayed points of the trace. In the
next step, the points from the right edge of the trace are summed up until 0.5 % of the
total power is reached. Auxiliary marker 1 is positioned at the corresponding frequency.
Then the points from the left edge of the trace are summed up until 0.5 % of the power
is reached. Auxiliary marker 2 is positioned at this point. 99 % of the power is now
between the two markers. The distance between the two frequency markers is the
occupied bandwidth which is displayed in the marker field.
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OBW within defined search limits - multicarrier OBW measurement in one sweep

The occupied bandwidth of the signal can also be determined within defined search
limits instead of for the entire signal. Thus, only a single sweep is required to determine
the OBW for a multicarrier signal. To do so, search limits are defined for an individual
carrier and the OBW measurement is restricted to the frequency range contained
within those limits. Then the search limits are adapted for the next carrier and the OBW
is automatically recalculated for the new range.

MultiView &2 Spectrum
Ref Level -32 dBm
Att 0dB ® SWT 2 n 3) 200 k Mode Auto FFT
1 Occupied Bandwidth e 1Rn W
M1[1] -91.58 dBm
497.4790 MHz

CF 497.5 MHz 1001 pts 5.0 MHz/ Span 50.0 MHz
2 Marker Table
Type Ref Trc X-Value ¥-Value Function Function Result

M1 497.479 MHz -91.58 dBm 4.139595977 MHz

Tl
T2

z B

For step-by-step instructions, see "How to determine the OBW for a multicarrier signal
using search limits" on page 214.

Prerequisites

To ensure correct power measurement, especially for noise signals, and to obtain the
correct occupied bandwidth, the following prerequisites and settings are necessary:

® Only the signal to be measured is displayed in the window, or search limits are
defined to include only one (carrier) signal. An additional signal would falsify the
measurement.

® RBW << occupied bandwidth (approx. 1/20 of occupied bandwidth, for voice com-
munication type: 300 Hz or 1 kHz)

* VBW 23 xRBW

® RMS detector

® Span =2 to 3 x occupied bandwidth

Some of the measurement specifications (e.g. PDC, RCR STD-27B) require measure-

ment of the occupied bandwidth using a peak detector. The detector setting of the
R&S FSW has to be changed accordingly then.
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OBW Results

As a result of the OBW measurement the occupied bandwidth ( "Occ Bw" ) is indicated
in the marker results. Furthermore, the marker at the center frequency and the tempo-
rary markers are indicated.

The measurement is performed on the trace with marker 1. In order to evaluate
another trace, marker 1 must be placed on another trace (see Assigning the Marker to
a Trace ).

The OBW calculation is repeated if the Search Limits are changed, without performing
a new sweep. Thus, the OBW for a multicarrier signal can be determined using only
one sweep.

6.4.3

Centroid frequency

The centroid frequency is defined as the point in the center of the occupied bandwidth,
calculated using the temporary OBW markers T1 and T2. This frequency is indicated
as a function result ( "Occ Bw Centroid" ) in the marker table.

Frequency offset

The offset of the calculated centroid frequency to the defined center frequency of the
R&S FSW is indicated as a function result ( "Occ Bw Freq Offset" ) in the marker table.

Remote command:

The determined occupied bandwidth can also be queried using the remote command
CALC:MARK:FUNC:POW:RES? OBW Or CALC:MARK:FUNC:POW:RES? AOBW. While
the OBW parameter returns only the occupied bandwidth, the AOBW parameter also
returns the position and level of the temporary markers T1 and T2 used to calculate the
occupied bandwidth.

CALC:MARK:FUNC:POW:SEL OBW, see CALCulate<n>:MARKer<m>:FUNCtion:
POWer<sb>:SELect on page 832

CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>[:STATe] on page 833

CALC:MARK:FUNC:POW:RES? OBW, see CALCulate<n>:MARKer<m>:FUNCtion:
POWer<sb>:RESult? on page 831

CALC:MARK:FUNC:POW:RES? COBW, see CALCulate<n>:MARKer<m>:FUNCtion:
POWer<sb>:RESult? on page 831

OBW Configuration

Access: "Overview" > "Select Measurement" > "OBW" > "OBW Config"
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Occupied Bandwidth
OBW Settings

04 Power Bandwidth

Channel Bandwidth RESIRgr

Adjust Settings

reh Limits

Right Limit [l BEEIRE

Search Limits Off

This measurement is not available in zero span.

Configuring search limits for OBW measurement

The OBW measurement uses the same search limits as defined for marker search
(see " Search Limits " on page 523). However, only the left and right limits are consid-
ered.

The remote commands required to perform these tasks are described in Chap-
ter 13.5.5, "Measuring the Occupied Bandwidth", on page 875.

Y% Power BandWidth ... e 212
Channel BandWidth .........oooiociiee e e e 213
e 101y S Y=Y w1 T PSPPI 213
Search Limits (Left / Right ). oo s 213
Deactivating All Search LimitS ........uuucciiiiiiiiiii e 213

% Power Bandwidth
Defines the percentage of total power in the displayed frequency range which defines
the occupied bandwidth. Values from 10 % to 99.9 % are allowed.

Remote command:
[SENSe: ] POWer:BANDwidth on page 875
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Channel Bandwidth

Defines the channel bandwidth for the transmission channel in single-carrier measure-
ments. This bandwidth is used to optimize the test parameters (for details see " Adjust
Settings " on page 213). The default setting is 14 kHz.

For measurements according to a specific transmission standard, define the bandwidth
specified by the standard for the transmission channel.

For multicarrier measurements, this setting is irrelevant.

Remote command:
[SENSe: ] POWer:ACHannel : BANDwidth [ : CHANnel<ch>] on page 838

Adjust Settings
Optimizes the instrument settings for the measurement of the occupied bandwidth
according to the specified channel bandwidth.

This function is only useful for single carrier measurements.

All instrument settings relevant for power measurement within a specific frequency
range are optimized:

® Frequency span: 3 x channel bandwidth

e RBW < 1/40 of channel bandwidth

* VBW =3 x RBW

® Detector: RMS

The reference level is not affected by "Adjust Settings" . For an optimum dynamic
range,select the reference level such that the signal maximum is close to the reference
level.

(See " Setting the Reference Level Automatically ( Auto Level )" on page 451).

The adjustment is carried out only once. If necessary, the instrument settings can be
changed later.

Remote command:
[SENSe: ] POWer:ACHannel : PRESet on page 834

Search Limits ( Left / Right)
If activated, limit lines are defined and displayed for the search. Only results within the
limited search range are considered.

For details on limit lines for searches, see "Peak search limits" on page 545.

Remote command:
CALCulate<n>:MARKer<m>:X:SLIMits[:STATe] on page 1132
CALCulate<n>:MARKer<m>:X:SLIMits:LEFT on page 1132
CALCulate<n>:MARKer<m>:X:SLIMits:RIGHt on page 1133

Deactivating All Search Limits
Deactivates the search range limits.

Remote command:
CALCulate<n>:MARKer<m>:X:SLIMits[:STATe] on page 1132
CALCulate<n>:THReshold:STATe on page 1134
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6.4.4 How to Determine the Occupied Bandwidth

The following step-by-step instructions demonstrate how to determine the occupied
bandwidth.

For remote operation, see Chapter 13.5.5.2, "Programming Example: OBW Measure-
ment", on page 876.

How to determine the OBW for a single signal
1. Press the [MEAS] key or select "Select Measurement" in the "Overview" .

2. Select the "OBW" measurement function.

The measurement is started immediately with the default settings.

3. Select the "OBW Config" softkey.
The "Occupied Bandwidth" configuration dialog box is displayed.

4. Define the percentage of power ( "% Power Bandwidth" ) that defines the band-
width to be determined.

5. If necessary, change the channel bandwidth for the transmission channel.

6. To optimize the settings for the selected channel configuration, select "Adjust Set-
tings" .

7. Start a sweep.

The result is displayed as OBW in the marker results.

How to determine the OBW for a multicarrier signal using search limits
1. Press the [MEAS] key or select "Select Measurement” in the "Overview" .
2. Select the "OBW" measurement function.

3. Select the "OBW Config" softkey.
4

Define the percentage of power ( "% Power Bandwidth" ) that defines the band-
width to be determined.

5. Define search limits so the search area contains only the first carrier signal:

a) Enter values for the left or right limits, or both.
b) Enable the use of the required limits.

6. Start a sweep.
The result for the first carrier is displayed as OBW in the marker results.

7. Change the search limits so the search area contains the next carrier signal as
described in step 5.

The OBW is recalculated and the result for the next carrier is displayed. A new
sweep is not necessary!
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8. Continue in this way until all carriers have been measured.
6.4.5 Measurement Example

In the following example, the bandwidth that occupies 99 % of the total power of a PDC
signal at 800 MHz, level 0 dBm is measured.

A programming example demonstrating an OBW measurement in a remote environ-
ment is provided in Chapter 13.5.5.2, "Programming Example: OBW Measurement",
on page 876.

1. Preset the R&S FSW.

Set the "Center Frequency" to 800 MHz.

Set the "Reference Level" to -70 dBm.

Press the [MEAS] key or select "Select Measurement" in the "Overview" .
Select the "OBW" measurement function.

Select the "OBW Config" softkey.

Set the "% Power Bandwidth" to 99 %.

Set the "Channel Bandwidth" to 21 kHz as specified by the PDC standard.

© © N o o M 0 DN

Optimize the settings for the selected channel configuration by selecting "Adjust
Settings" .

10. Adjust the reference level to the measured total power by selecting "Auto Level" in
the [Auto set] menu.

11. The PDC standard requires the peak detector for OBW measurement. In the
"Traces" configuration dialog, set the trace detector to "PositivePeak" .

12. Start a sweep.

The result is displayed as OBW in the marker results.

6.5 Noise Power Ratio (NPR) Measurement

The R&S FSW noise power ratio measurement is similar to the common adjacent
channel power (ACP) measurement, but less sophisticated and therefore easier to
configure.

This measurement requires the Noise Power Ratio (NPR) Measurement firmware
option R&S FSW-K19.

e About Noise Power Ratio (NPR) Measurements.........c..cocccceveeeviiieneeencieneeeeseeen 216
NPR BaSICS...eieiiee ittt e e s e e s s e e e 216
®  NPR RESUIS. ....eiiiiiieiii et e e 218
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About Noise Power Ratio (NPR) Measurements

The noise power ratio is defined as the relationship between the total power density in
a channel and the noise power density. The noise power ratio is commonly used to
describe the distortion caused by in-band multi-carrier intermodulation in a wideband
satellite channel. A satellite can be considered to be a "transparent transponder”. It
receives the uplink signal, amplifies it, translates the frequency, amplifies it more, and
finally retransmits it. Typically, the signal contains a large number of carriers. To mea-
sure the in-band distortions of specific carriers in a satellite DUT, notch filters are inser-
ted inside the channel. Notch filters remove the effects of the underlying subcarriers
from the signal. Thus, the distortion of these carriers caused by the others can be
determined.

The R&S FSW noise power ratio measurement allows you to specify your satellite
channel and up to 25 notch filters in your measurement setup. For a more general
measurement, the bandwidth on which the total power density is based can be
selected freely. As a result, the channel power density, the notch power density, and
the noise power ratio are calculated.

NPR Basics

Some background knowledge on basic terms and principles used in noise power ratio
measurements is provided here for a better understanding of the required configuration
settings.

Channel bandwidth, integration bandwidth and notch bandwidth

The Channel Bandwidth defines the width of the channel, or general measurement
range. The displayed span usually depends on the channel bandwidth (span = channel
bandwidth * 1.1)

The Integration Bandwidth defines the frequency range over which measurement
results are actually calculated. By default, it is the same as the channel bandwidth, but
you can define any other value, smaller or larger, as well.

The Notch Bandwidth (Absolute / Relative to Channel BW) defines the width of the
notches, if you define any.

Notches and their effects on the measurement results

You can select from an automatic measurement mode that selects the integration
bandwidth automatically, and a manual measurement mode that allows you to define a
custom integration bandwidth.

|
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In automatic measurement mode, the power within the notches is deducted from the
total noise power density.

Channel Bandwidth

A
\ 4

Integration Bandwidth

Notch 1 Notch 2

A
v

Figure 6-34: Auto mode: Integration bandwidth = channel bandwidth (notches deducted)

In manual measurement, however, the notch power is not deducted. In manual mode,
the application simply integrates all measured powered levels over the integration
bandwidth, including the power levels measured within the notches.

Channel Bandwidth

A
v

Integration Bandwidth
Notch 1 Notch 2

A
v

Figure 6-35: Manual mode: Integration bandwidth # channel bandwidth (notches not deducted)

6 Overlapping notches or notches outside the channel bandwidth

Note that measurement results can become inaccurate when notches overlap or lie
outside of the channel bandwidth.

NPR measurements with signal generator control

To test the NPR of a satellite channel with multiple notch filters using a signal genera-
tor, you must configure the same settings on the analyzer and on the generator. The
R&S FSW can now take control of the connected generator, so that you only need to
configure the notches once. The analyzer can then automatically set the generator to
the same settings.

Generator control by the R&S FSW has the following preconditions on the signal gen-
erator:

e R&S SMW
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® Notched Noise option (R&S SMW-K811) installed

e Either ARB waveforms or one of the standards supported by the K811 option active
on the generator

Frequency-coupled NPR measurements

For NPR measurements, configuring and re-configuring the carrier frequencies and
notches first on the analyzer, and then on the generator, can become very tedious.
Therefore, frequency coupling is now provided in which the analyzer takes control of
the generator. The frequency on the generator is automatically set to the analyzer fre-
quency, possibly with a fixed factor or offset applied.

NPR Results

The R&S FSW shows the measurement results in a diagram and a table in numerical
form.

The diagram consists of several elements.
® A horizontal blue bar at the bottom of the diagram indicates the channel bandwidth.

® Two vertical blue lines indicate the integration range or integration bandwidth. It is
the same as the channel bandwidth by default (it is labeled "channel bandwidth" in
that case).

® \lertical green lines indicate notches and their bandwidth. The number of displayed
notches is variable.

MultiView =2 Spectrum

Ref Level

Att 1dB SWT 41.9 ms
1 NPR

z  Mode Auto FFT

)
A

Span 75.0 MHz

CF 500,0 MHz

2 Result Summary
Channel Power Density
1 72.000 MHz 0.000 Hz -73.21 dBm/Hz
Notch Power Density
1 : - - -94.88 dBm/Hz
2 : - -94.24 dBm/Hz

7.5 MHz/

NPR
21.67 dB
21.03 dB

In the result summary, the following results are provided for the specified channel and
individual notches:
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Table 6-11: Noise Power Ratio result summary parameters

Parameter Description

"Channel" / "Notch" Channel or notch number

"Channel BW" (auto Specified channel bandwidth or manually defined integration bandwidth used

mode) / "Integration BW" as basis for power density calculation in total channel or notch

"Offset" Frequency offset of notch or integration bandwidth to center frequency

"Power density" Power measured in channel or notch divided by the "Channel BW"/"Integra-
tion BW" in dBm/Hz

"NPR" (Notches only:) Ratio of total channel power density to notch power density in
dB

Remote command:

Channel power density, notch power density, power ratio:
CALCulate<n>:NPRatio:RESult? on page 890

Measured power values for each sweep point (by default 1001):

TRAC:DATA? TRACel (see TRACe<n>[:DATA] on page 1116).

6.5.4 NPR Configuration

Access: "Overview" > "Select Measurement" > "Noise Power Measurement" > "NPR
Config" > "Noise Power Ratio" tab

The R&S FSW noise power ratio measurement allows you to specify your satellite
channel and up to 25 notch filters in your measurement setup. For a more general
measurement, the bandwidth on which the total power density is based can be
selected freely.
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Noise Power Ratio

Noise Power Ratioc Generator Setup Generator Freq Coupling

Channel Definition

Channel Bandwidth 72.0 MHz

Integration Bandwidth
Manual Integration Bandwidth Frequency Offset

Notch Definition

Number of Notches & _ Generator Notch Filter State - on Off

Frequency Offset Notch Bandwidth Notch Bandwidth Generator =
(Hz) (% rel. to Chan. BW) Notch State

X N I 100,70801 kHz Sl 625.0 kHz 0.86806 % -~ On Off
- ol 220.03174 kHz 0.3056 %o . On Off

L L 4

Notch 2
Notch 3
Notch 4 ® 9

Notch5 @ ® ®
Query all Notch Settings from Generator Upload all Notch Settings toe Generator

Figure 6-36: Noise Power Ratio configuration dialog with a signal generator connected

generator successfully. They are only available if a valid generator IP address is detec-

@ An LED next to a setting indicates whether the setting was adjusted on the connected
ted (see "Signal Generator IP Address" on page 225).
The LED indicates the following states:

® green: setting on the R&S FSW is valid and was successfully applied on the signal
generator

® red: control error, for example because the specified value cannot be applied on
the signal generator

® gray: signal generator control off
Note that if you change the setting on the generator manually, the analyzer does not

adapt the setting automatically. The green LED for a previous successful transmission
does not change.

Channel BandWidth..........ooo e 221
Integration BandWidth............coooi i 221
NUMDBETr OFf NOTCNES. ... e e e 221
Generator Notch Filter State........coui i 221
Frequency Offset per NOICh............uuuiiiiiiiiie i 222
Notch Bandwidth (Absolute / Relative to Channel BW)............ooooririiee, 222
Generator NOtCh State.....ooo oo 222
Upload all Notch Settings t0 Generator...........ccueeiiiiiiiiiiiiiiec e 223
Query all Notch Settings from Generator...........occueiiiiiiiiii e 223
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Channel Bandwidth
Defines the channel bandwidth on which the total power density is based. The band-
width is positioned around the currently defined Center Frequency .

To specify a different bandwidth for total power density calculation, or to shift the band-
width, define an Integration Bandwidth manually.

Remote command:
[SENSe: ] NPRatio:CHANnel :BWIDth on page 877

Integration Bandwidth
Defines a bandwidth other than the channel bandwidth to be used for total power den-
sity calculation. Select the "Manual" option and define the bandwidth manually.

In auto mode, the integration bandwidth is the same as the channel bandwidth.
Notches are deducted from the results.

In manual mode, you can customize the integration bandwidth. The results include the
power levels measured within notches, however.

A "Frequency Offset" shifts the bandwidth away from the currently defined Center Fre-
quency .

Remote command:

[SENSe:]NPRatio:CHANnel:INTegration:BWIDth on page 878
[SENSe:]NPRatio:CHANnel:INTegration:AUTO on page 877

[SENSe: ]NPRatio:CHANnel:INTegration:FREQuency:0FFSet on page 878

Number of Notches

Defines the number of notches for which results are determined. A maximum of 25
notches can be defined. Note that even if bandwidths for further notches are defined,
only the number specified here are actually calculated and displayed.

If Generator Control State (FSW -> SMW) is enabled in the generator settings, the
specified number of notches is sent to the generator on upload. An LED next to the
setting indicates whether the setting was adjusted on the connected instrument suc-
cessfully.

See Chapter 6.5.3, "NPR Results", on page 218 for more information about how
notches are treated in the measurement.

Remote command:
[SENSe: ] NPRatio:NOTCh<notch>:COUNt on page 879
CONFigure:GENerator:NPRatio:NOTCh<notch>:COUNt:CSTate? on page 886

Generator Notch Filter State
Activates or deactivates a notch filter on the signal generator.

This setting is only available if Generator Control State (FSW -> SMW) is enabled. Its
value is only sent to the signal generator when you select Upload all Generator Setup
Settings to Generator. An LED next to the setting indicates whether the setting was
adjusted on the connected instrument successfully.

Remote command:
CONFigure:GENerator:NPRatio[:STATe] on page 889
CONFigure:GENerator:NPRatio:STATe:CSTate? on page 888
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Frequency Offset per Notch

Defines the center position of the notch in relation to the currently defined Center Fre-
quency .

If Generator Control State (FSW -> SMW) is enabled, the frequency offset for the notch

is sent to the generator on upload. An LED next to the setting indicates whether the
setting was adjusted on the connected instrument successfully.

If a variable frequency definition is used (see Chapter 6.5.6, "Generator Frequency
Coupling", on page 228), the defined factor (Numerator / Denominator) is also applied
to the frequency offset per notch.

FreqOffsetge, = Numerator / Denominator * FreqOffsetaqayer

Remote command:

[SENSe: ]NPRatio:NOTCh<notch>:FREQuency:0FFSet on page 880
CONFigure:GENerator:NPRatio:NOTCh<notch>:FREQuency:OFFSet:
CSTate? on page 884

Notch Bandwidth (Absolute / Relative to Channel BW)
Defines the bandwidth of the individual notch either as an absolute value, or as a per-
centage of the defined Channel Bandwidth.

If Generator Control State (FSW -> SMW) is enabled, the absolute notch bandwidth is
sent to the generator on upload. An LED next to the setting indicates whether the set-
ting was adjusted on the connected instrument successfully.

If a variable frequency definition is used (see Chapter 6.5.6, "Generator Frequency
Coupling", on page 228), the defined factor (Numerator / Denominator) is also applied
to the absolute notch bandwidth.

Notch_BWge, = Numerator / Denominator * Notch_BWanayyzer

Remote command:

[SENSe: ]NPRatio:NOTCh<notch>:BWIDth[:ABSolute] on page 879

[SENSe: ]NPRatio:NOTCh<notch>:BWIDth:RELative on page 879
CONFigure:GENerator:NPRatio:NOTCh<notch>:BWIDth:ABSolute:CSTate?
on page 884

Generator Notch State
If enabled, the notch is considered for signal generation on the connected signal gen-
erator.

This setting is only available if Generator Control State (FSW -> SMW) is enabled. Its
value is only sent to the signal generator when you select Upload all Generator Setup
Settings to Generator. An LED next to the setting indicates whether the setting was
adjusted on the connected instrument successfully.

Note: on the R&S FSW, all notches are always active. The "Generator Notch State"
parameter determines whether the individual notch is considered by the generator or
not.

Remote command:
CONFigure:GENerator:NPRatio:NOTCh<notch>[:STATe] on page 885
CONFigure:GENerator:NPRatio:NOTCh<notch>:STATe:CSTate? on page 885
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Upload all Notch Settings to Generator

Transmits the notch settings defined on this tab from the R&S FSW to the connected
signal generator. The signal generator uses the settings to create an ARB waveform,
which in turn is used as the input signal for the measurement.

In particular, the following settings are transmitted to the generator:
® Generator Notch Filter State
® Number of Notches

Per notch:

® Frequency Offset per Notch
® Notch bandwidth (absolute)
® Generator Notch State

As opposed to the general generator settings, changes to the notch settings are not
applied to the generator immediately. Since creating the waveform can take some time,
it is best done after all notch settings have been defined, rather than after each individ-
ual setting.

Remote command:
CONFigure:GENerator:NPRatio:SETTings:NOTCh:UPDate on page 888

Query all Notch Settings from Generator
Queries all currently defined notch settings on the connected signal generator and
applies the settings to the R&S FSW.

This is useful directly after activating generator control, for example, or after making
changes to the notch settings on the generator.

In particular, the following settings are transmitted to the analyzer:
® Generator Notch Filter State
® Number of Notches

Per notch:

® Frequency Offset per Notch
® Notch bandwidth (absolute)
® Generator Notch State

Remote command:
CONFigure:SETTings:NPRatio:NOTCh on page 890

6.5.5 Generator Setup
Access: "Overview" > "Select Measurement" > "Noise Power Measurement" > "NPR
Config" > "Generator Setup" tab

The general settings required to control a connected signal generator by the R&S FSW
are defined here. The control settings are only available if a connection to a signal gen-
erator has been established.

The individual settings are only available if generator control is enabled.
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Noise Power Ratio

Noise Power Ratio = Generator Setup Generator Freq Coupling

Generator Control on Off IP Address Configure...

Path RF -~ Path BB

RF Qutput Standard

Frequency ARB Waveform File

Level{ RMS) Sl -30.0 dBm
Level Offset N 0.0 dB

Reference Frequency & Internal -

Query all Generator Setup Settings from Generator Upload all Generator Setup Settings to Generator

For each setting, an LED indicates whether the setting was adjusted on the connected
generator successfully. Thus, you can quickly detect the cause of possible errors.

The LED indicates the following states:

® green: connection established and all settings valid

® red: control error, for example because a specified value cannot be applied on the
signal generator

® gray: signal generator control off

If you change the setting on the generator manually after an automatic setting, the LED
might not indicate the correct state.

Remote command:

CONFigure:GENerator:NPRatio:STATe:CSTate? on page 888

Signal Generator IP AdAreSS......co ittt eneeee s 225

L IP Address / CompPUEr NAME...........cooeviueoieeeeeeeeeeeee et seeee st 225

L CONNECH/DISCONNECL.........viveveeeeeeeeeeceeeete ettt s et seeees 225
Generator Control State (FSW => SMW).....uuuiiiiiiiiiiieie et 226
e L T T = 11 T == RS 226
L O UL o101 ] = (S 226
[ (=To [ U]=T o PSP PP PP 226
Y 1Y S PRSP 227
[ O 1= PRSP 227
ReferenCe FrEQUENCY....ccoeeiieeeieeccr ettt e e e e e e e e e e e e e e 227
8 = T =1 o 1P UUURRRPSR 227

|
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ARB Waveform File..... .o ettt e e e e e e e 227
Upload all Generator Setup Settings to Generator.........cccccvvveeiieicciiiieeiieee e 227
Query all Generator Setup Settings from Generator............ccccov e 228

Signal Generator IP Address
Indicates the state and address of a connected signal generator.

The LED indicates the following connection states:

® green: connection established to compatible generator

® red: connection could not be established, possibly due to an incompatible instru-
ment

® gray: no signal generator connected

Select the TCPIP address or "Configure" to define the connection information for the
connected signal generator.

Signal Generator [ 4 )

TCPIP Adc_lress or Computer 193 ABC
name of Signal Generator

Connect

Device Type unknown.,

Connection State

Remote command:
CONFigure:GENerator:CONNection:CSTate? on page 1279

IP Address / Computer Name « Signal Generator IP Address
The IP address or computer name of the signal generator connected to the R&S FSW
via LAN.

By default, the IP address is expected. To enter the computer name, toggle the
"123"/"ABC" button to "ABC".

Select Connect/Disconnect to establish a connection from the R&S FSW to the speci-
fied signal generator.

Note: While a connection to a signal generator is established, you cannot change the
connection information.

The IP address / computer name is maintained after a [PRESET], and is transferred
between applications. However, when you switch applications, the control is disabled in
the other applications. Only one application can control a generator at any time.

Remote command:
CONFigure:GENerator:IPConnection:ADDRess on page 1280

Connect/Disconnect < Signal Generator IP Address
The R&S FSW attempts to establish a connection to the signal generator, or discon-
nects it.

|
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If an instrument is connected, the following information is displayed:
® Device type

® Name and serial number

® Connection state

Remote command:
CONFigure:GENerator:CONNection[:STATe] on page 1280
CONFigure:GENerator:CONNection:CSTate? on page 1279

Generator Control State (FSW -> SMW)
Activates or disables control of the signal generator by the R&S FSW.

If a connection was defined in another application, the connection is maintained when
you switch to the Spectrum application. However, generator control is disabled to pro-
tect the DUT from possibly erroneous or damaging settings. Check the settings, then
enable the control state.

Note: While generator control is active, you cannot change the connection information.
When you switch applications, the control is disabled in the other applications. Only
one application can control a generator at any time.

As long as the R&S FSW controls the signal generator, any (general) generator set-
tings you define on the R&S FSW are automatically adapted on the generator. The
opposite does not apply, that is: changes you make on the generator are not automati-
cally applied to the R&S FSW. The green LED for a previous successful transmission
does not change. Use the Query all Generator Setup Settings from Generator function
to apply the generator settings on the R&S FSW.

Remote command:
CONFigure:GENerator:NPRatio:CONTrol [:STATe] on page 882

Path RF/ Path BB
Selects the RF signal path and indicates the BB signal path of the generator to be used
for signal generation.

Remote command:
CONFigure:GENerator:TARGet : PATH:RF on page 890
CONFigure:GENerator:TARGet : PATH: BB? on page 890

RF Output State

To protect the instrument from possibly erroneous or damaging settings, you must
manually activate the RF output on the signal generator to start providing a signal.
Check all settings on the signal generator, in particular the level settings, before acti-
vating the RF output.

A red LED on the "Generator Control" tab indicates a setting error on the generator.

Remote command:
CONFigure:GENerator:RFOutput[:STATe] on page 889
CONFigure:GENerator:NPRatio:RFOutput:STATe:CSTate? on page 887

Frequency
Defines the frequency of the signal provided by the signal generator.

If the Generator Frequency Coupling State is active, this value is read-only and indi-
cates the resulting frequency setting on the generator.
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Remote command:
CONFigure:GENerator:FREQuency:CENTer on page 881
CONFigure:GENerator:NPRatio:FREQuency:CENTer:CSTate? on page 883

Level (RMS)
(Default:) The specified power level is used for the output power by the connected sig-
nal generator.

Remote command:
CONFigure:GENerator:POWer:LEVel on page 889
CONFigure:GENerator:NPRatio:POWer:LEVel:CSTate? on page 887

Level Offset
Defines a fixed offset in the power level used by the generator, for example due to a
gain from the DUT.

Remote command:
CONFigure:GENerator:POWer:LEVel :OFFSet on page 889
CONFigure:GENerator:NPRatio:POWer:LEVel:OFFSet:CSTate? on page 887

Reference Frequency
Selects the source of the generator reference frequency.

The internal reference is that of the signal generator itself.

An external reference is provided via the EXT connectors on the generator, for exam-
ple by the R&S FSW.

Remote command:
CONFigure:GENerator:EXTernal :ROSCillator on page 881
CONFigure:GENerator:NPRatio:EXTernal:ROSCillator:CSTate?
on page 882

Standard

For reference only: the standard currently used by the signal generator. If no standard
is defined on the generator, notched signals are not available (see "Generator Notch
Filter State" on page 221).

Remote command:
CONFigure:GENerator:NPRatio:BB:STANdard? on page 881

ARB Waveform File
For reference only: the ARB waveform file currently used by the signal generator.

Remote command:
CONFigure:GENerator:NPRatio:BB:ARBitrary:WAVeform: SELect?
on page 881

Upload all Generator Setup Settings to Generator
Applies all generator setup settings defined on this tab to the connected signal genera-
tor once.
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This is useful directly after activating generator control, for example, or when you
change settings on the generator. As soon as generator control is active, any changes
to the general settings on the R&S FSW are immediately applied to the generator auto-
matically.

In particular, the following settings are transmitted to the generator:
® RF Output State

Frequency

Level (RMS)

Level Offset

Reference Frequency

Remote command:
CONFigure:GENerator:NPRatio:SETTings:UPDate on page 888

Query all Generator Setup Settings from Generator
Queries all currently defined generator setup settings on the connected signal genera-
tor and applies the settings to the R&S FSW.

This is useful directly after activating generator control, for example, or when you
change settings on the generator. The R&S FSW does not automatically adapt its set-
tings when you make changes on the generator.

In particular, the following settings are transmitted to the analyzer:
® RF Output State

Frequency

Level (RMS)

Level Offset

Reference Frequency

Remote command:
CONFigure:SETTings:NPRatio on page 890

6.5.6 Generator Frequency Coupling
Access: "Overview" > "Select Measurement" > "Noise Power Measurement" > "NPR
Config" > "Generator Freq Coupling" tab

These settings are only available if generator control is enabled (see "Generator Con-
trol State (FSW -> SMW)" on page 226).

Instead of defining a fixed frequency to be used by the signal generator, you can cou-
ple the frequency of the generator to the analyzer using a variable frequency definition.

Note that the frequency definition also affects the (absolute) Notch Bandwidth (Abso-
lute / Relative to Channel BW) and the "Frequency Offset per Notch" on page 222.
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Noise Power Ratio

Noise Power Ratic Generater Setup Generator Freq Coupling

Coupling State an Off

Numerator

f i f S

£l 4.0 GHz LI T e 500.0 MHz

Denominator

The overall status of the frequency coupling is indicated by an LED next to the fre-
quency definition.

The LED indicates the following states:

® green: frequency setting valid

® red: frequency value cannot be applied on the signal generator
® gray: signal generator control or coupling off

Generator Frequency Coupling State......ccceeeiiiiiiii e, 229
T PP 229
FARalyZere s e ses e sttt 230
AN LU 0= = o ) S 230
91T g 011 =1 (o ) 230
FrequenCy OffSEt... ... et e e 230

Generator Frequency Coupling State
Enables or disables frequency coupling between the R&S FSW and the connected
generator.

If disabled, a fixed frequency is used by the generator.

Remote command:
CONFigure:GENerator:NPRatio:FREQuency:COUPling[:STATe] on page 883

fGen
Indicates the resulting frequency setting on the generator, depending on the other fre-
quency parameters.

The generator frequency is defined as:
fcen = [fanalyzer * Numerator / Denominator] + Frequency Offset

Any changes to one of the interdependent parameters automatically affect the calcula-
ted signal levels on the connected generator.

If Generator Frequency Coupling State is disabled, define a fixed frequency to be used
by the generator.

Remote command:
CONFigure:GENerator:FREQuency:CENTer on page 881
CONFigure:GENerator:NPRatio:FREQuency:CENTer:CSTate? on page 883
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fAnalyzer
Sets the analyzer (center) frequency, which is used as a basis for the variable fre-
quency definition.

Remote command:
[SENSe: ] FREQuency:CENTer on page 999

Numerator
Defines the numerator of the frequency-defining factor.

Note that this factor also affects the (absolute) Notch Bandwidth (Absolute / Relative to
Channel BW) and the "Frequency Offset per Notch" on page 222.

Remote command:
CONFigure:GENerator:NPRatio:FREQuency[:FACTor] :NUMerator
on page 884

Denominator
Defines the denominator of the frequency-defining factor.

Note that this factor also affects the (absolute) Notch Bandwidth (Absolute / Relative to
Channel BW) and the "Frequency Offset per Notch" on page 222.

Remote command:
CONFigure:GENerator:NPRatio:FREQuency [ :FACTor] :DENominator
on page 884

Frequency Offset
Defines a fixed offset to be applied to the generator frequency.

Remote command:
CONFigure:GENerator:NPRatio:FREQuency:OFFSet on page 883

6.5.7 How to Perform NPR Measurements

Measuring the noise power ratio is a very easy and straightforward task with the
R&S FSW.

1. From the "Overview" , select "Frequency" .
Define the "Center Frequency" of your channel.

From the "Overview" , select "Select Measurement" .

A w D

Select "Noise Power Measurement".

The measurement is started immediately with the default settings.
Select the "NPR Config" softkey.
Specify the "Channel Bandwidth" of your entire channel.

If necessary, define an appropriate span.

© N o o

Enter the "Number of notches" in your signal.
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9. For each notch, define the bandwidth (absolute or relative to the channel band-
width) and its position (relative to the center frequency).

The channel and notches are indicated in the spectrum diagram, and the power
results are indicated in the result summary.

6.5.8 Measurement Example

Assume a satellite channel with a bandwidth of 72 MHz at a center frequency of
500 MHz. Notch filters are located around the subcarrier frequencies 487.8 MHz and
512.2 MHz, with a bandwidth of 3.6 MHz.

We will demonstrate how to determine the distortion caused by each subcarrier on the
other, defined as the noise power ratio for each notch.

How to perform this measurement in a remote environment is described in Chap-
ter 13.5.6.5, "Programming Example: Measuring the Noise Power Ratio",
on page 891.

Noise Power Ratio ~
Channel Definition
Channel Bandwidth

72.0 MHz

Integration Bandwidth
Manual Integration Bandwidth Frequency Offset

Notch Definition

Number of Notches _

Frequency Offset Notch Bandwidth Notch Bandwidth
(Hz) ( %o rel. to Channel BW )

Notch 1 -12.2 MHz 3.6 MHz 5.00%0

Notch 2 12.2 MHz 3.6 MHz 5.0 %0

Notch 3

Notch 4

1. From the "Overview" , select "Frequency" .
2. Define the "Center Frequency" = 500 MHz.
3. Define a "Span" = 80 MHz.
4

From the "Overview" , select "Select Measurement" .
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Select "Noise Power Measurement".

Select the "NPR Config" softkey.

5
6
7. Specify the "Channel Bandwidth" = 72 MHz.
8. Enter the "Number of notches" = 2.

9

For notch 1, define:

e "Frequency Offset" = -12.2 MHz
e "Notch Bandwidth Absolute" = 3.6 MHz

10. For notch 2, define:

e "Frequency Offset" = +12.2 MHz
"Notch Bandwidth Relative" = 5 % (for demonstration purposes; the effect is the
same as "Notch Bandwidth Absolute" = 3.6 MHz)

The channel and two notches are indicated in the spectrum diagram, and the noise
power ratio for each notch is indicated in the result summary.

MultiView =2 Spectrum

Ref Level -9.00 dBm 2 RBW 2kHz
Att 1dB SWT 41.9 ms (~319 ms) VBW 20kHz Mode Auto FFT
1 NPR

J 1
A !
b

CF 500.0 MHz 1001 pts = 7.5MHz/ Span 75.0 MHz

2 Result Summary
Channel Channel BW Offset Power Density
1 o] -73.21 dBm/Hz
MNotch Power Density NPR
1 3 z - -24.88 dBm/Hz 21.67 dB
2 z -94.24 dBm/Hz 21.03 dB

6.6 Spectrum Emission Mask (SEM) Measurement

Spectrum Emission Mask (SEM) measurements monitor compliance with a spectral

mask.

o  About the MeasUrE€mMeNt.........cooceviiiiiii e earaans 233
L I Y/ o] Toz= 1IN o o] [ o7= 1 1 To] o F= TSRS 233
@ SEM RESUIS. ..ottt ettt s e e e e e e e e e aeaeaeees 233
Y AV = = T o T 236
@  SEM Configuration...........eeeiiiiiieiee e 247
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e How to Perform a Spectrum Emission Mask Measurement................ccccceeevvvnnnnes 264
e Measurement Example: Multi-SEM Measurement............ccccceeeiiiiiiiiiiiiiieieiiiinnne, 269
e Reference: SEM File DeSCriptioNS......cccvieiieccciiiiiiiie e e e e e 270

6.6.1 About the Measurement

The Spectrum Emission Mask (SEM) measurement defines a measurement that moni-
tors compliance with a spectral mask. The mask is defined with reference to the input
signal power. The R&S FSW allows for a flexible definition of all parameters in the
SEM measurement. The analyzer performs measurements in predefined frequency
ranges with settings that can be specified individually for each of these ranges.

In the basic Spectrum application, spectrum emissions can be measured for multiple
sub blocks of channels, where the sub blocks can include gaps or overlap, and define
separate masks. Radio signals using multiple standards can also be analyzed.

SEM measurement configurations can be saved to an XML file which can then be
exported to another application or loaded on the R&S FSW again later. Some prede-
fined XML files are provided that contain ranges and parameters according to the
selected standard.

To improve the performance of the R&S FSW for spectrum emission mask measure-
ments, a "Fast SEM" mode is available.

A special limit check for SEM measurements allows for monitoring compliance of the
spectrum.

6.6.2 Typical Applications

Spectrum Emission Mask measurements are typically performed to ensure that modu-
lated signals remain within the valid signal level ranges. These ranges are defined by a
particular transmission standard, both in the transmission channel and neighboring
channels. Any violations of the mask can interfere with other transmissions.

The 3GPP TS 34.122 standard, for example, defines a mask for emissions outside the
transmission channel. This mask is defined relative to the input signal power. Three
frequency ranges to each side of the transmission channel are defined.

6.6.3 SEM Results

As a result of the Spectrum Emission Mask measurement, the following results are dis-
played in a diagram (see also Chapter 6.6.4.2, "Limit Lines in SEM Measurements",

on page 239):

® The measured signal levels

® The result of the limit check (mask monitoring)

® The defined limit lines

® TX channel power "P"

® The used power class
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Multi-SEM measurements

Multi-SEM measurements are SEM measurements with more than one sub block. In
these measurements, each sub block has its own power class definitions. In this case,
the power class is not indicated in the graphical result displays.

Example:

For example, in Figure 6-37, "31 < P < 39" is indicated as the used power class is
defined from 31 to 39.

TR EEREEY R —

MultiView &2 Spectrum Rof Loval
Ref Level 41.00 dBm  Offset 40 dB
Ref Level

1 Spectrum Emission Mask A 3 foli

RF Atten
Manual

RF Atten
Auto

‘ﬂr_W‘,«\“ﬁ'ﬂl'.uwuv\rJ| ‘F“‘N‘K\_m’\‘ll‘v{',.llﬂ-\ ! f
f k)

Range

e
CF 2.1 GHz . Span 25.5 MHz

2 Result Summary
Sub Block A Center 2.10 GHz Tx Power 34.10 dBm RBW 30.000 kHz scale
Tx Bandwidth 3.840 MHz W-CDMA 3GPP DL 4| ganfig
Range Low Range Up Frequency Power Abs Power Rel ALimit
-1 2.08902 GHz -39.05 dBm -73.15dB -18.65 dB
- - 2.09201 GHz -38.55 dBm -72.65 dB -22.15dB
2.09622 GHz -50.82 dBm -84.92 dB -21.42 dB
2.09663 GHz -50.44 dBm -84.54 dB -23.17 dB
2.09747 GHz -49.87 dBm -83.97 dB -32.47 dB
2.10253 GHz -50.57 dBm -84.67 dB -33.17 dB
2.10345 GHz -53.07 dBm -87.17 dB -24.62 dB L_hd ¢
2.10353 GHz -51.89 dBm -85.99 dB -22.49 dB Cm—"
2.10590 GHz -39.15 dBm -73.25 dB -22.75dB Overvievs
2.11274 GHz -39.11 dBm -73.21 dB -18.71 dB

n 7 25.06.2018
ead) -~ 16:36:11

Amplitude

4| " config

Figure 6-37: Spectrum Emission Mask result displays

In addition to the graphical results of the SEM measurement displayed in the diagram,
a result summary is displayed to evaluate the limit check results (see also Chap-
ter 6.6.4.2, "Limit Lines in SEM Measurements", on page 239).

The following information is provided in the result summary:

Label Description

General information

"Standard" Loaded standard settings

"Tx Power" Power of the reference range

"Tx Bandwidth" Tx bandwidth used by the reference range
"RBW" RBW used by the reference range

Range results

"Range Low" Start of the frequency range the peak value was found in

"Range Up" Frequency range end the peak value was found in

s
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Label Description

"RBW" RBW of the range

"Frequency" Frequency of the peak power level

"Power Abs" Absolute peak power level within the range

"Power Rel" Peak power level within the range, relative to the "Tx Power"
"ALimit" Deviation of the peak power level from the limit line

You can define in which detail the data is displayed in the result summary in the "List
Evaluation" settings (see Chapter 6.6.5.7, "List Evaluation (Results Configuration)",
on page 262). By default, one peak per range is displayed. However, you can change
the settings to display only peaks that exceed a threshold ( "Margin" ).

Detected peaks are not only listed in the Result Summary, they are also indicated by
colored squares in the diagram (optionally, see Show Peaks in the "List Evaluation"
settings).

SeRLelERE AED IO =

MultiView Spectrum J Sweep
List

RefLevel 41.00 dBm  Offset 40 dB Mode Au SGL

1 Spectrum Emission Mask «| Sub Blacks

Reference
< Range

Power
‘| classes

MSR
4| Config

Standard
I Files

List
“| evaluation

1 i

‘ o 'W ‘ ‘ J Display
n I o 'i | Canfig
il W
CF 2.1 GHz 1001 pts 2.55 MHz/ Span 25.5 MHz
2 Result Summary m-E-
Sub Block A Center 2.10 GHz Tx Power 33.90 dBm RBW 30.000 kHz < Gas
Tx Bandwidth 3.840 MHz W-CDMA 3GPP DL Fad

Frequency Power Abs Power Rel ALimit Overview
2.08943 GHz -39.44 dBm -73.34 dB -18.84 dB

> innm ey
ead) 16:37:42

Figure 6-38: Detected peak display in SEM measurement

Furthermore, you can export the results of the result summary to a file which can be
exported to another application for further analysis.

Results for SEM with multiple sub blocks

In the Spectrum application only, spectrum emissions can be measured for multiple
sub blocks of channels (see Chapter 6.6.4.5, "SEM with Multiple Sub Blocks ("Multi-
SEM")", on page 243 for details). Up to three sub blocks (with two gaps) can be
defined. For each sub block and each gap, the results described above are provided
individually in the result summary.
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1 Spectrum Emission Mask
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Figure 6-39: SEM results for multiple sub blocks

Retrieving results via remote control

The measurement results of the spectrum emission mask test can be retrieved using
the CALC:LIM:FAIL? command from a remote computer; see CALCulate<n>:
LIMit<li>:FATIL? on page 1197 for a detailed description.

The power result for the reference range can be queried using
CALC:MARK:FUNC:POW:RES? CPOW;

The peak power for the reference range can be queried using
CALC:MARK:FUNC:POW:RES? PPOW, see CALCulate<n>:MARKer<m>:FUNCtion:
POWer<sb>:RESult? on page 831.

The measured power frace can be queried using TRAC: DATA? and TRAC : DATA:X?,
see TRACe<n>[:DATA] on page 1116 and TRACe<n>[:DATA] :X? on page 1118:

The measured peak power list can be queried using TRAC:DATA? LIST, see
TRACe<n>[:DATA] on page 1116.

6.6.4 SEM Basics

Some background knowledge on basic terms and principles used in SEM measure-
ments is provided here for a better understanding of the required configuration set-

tings.

e Ranges and Range SettingS........ooiiiiiiiiiiiiiiiccccciie e 237
e Limit Lines in SEM Measurements.........cccuueiiiiiiiaiii i 239
o Fast SEM MeEaSUrEmMENTS......couiiiiiiiiieiiiiceeiiee e e e e e e e e e e e s naeeeeeeas 241
e Multi-Standard Radio (MSR) SEM Measurements...........ccovvevecccevierieeeneeeeenieenens 243
e SEM with Multiple Sub Blocks ("Multi-SEM")........cuviimiieiiieiieccieeieeec e 243
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Spectrum Emission Mask (SEM) Measurement

Ranges and Range Settings

In the Spectrum Emission Mask measurements, a range defines a segment for which
you can define the following parameters separately:
e Start and stop frequency

* RBW

° VBW

® "Sweep Time"

® "Sweep Points"

® Reference level

® Attenuator settings

® Preamplifier settings

® Transducer settings

® Limit values

Via the sweep list, you define the ranges and their settings. For details on settings,
refer to Chapter 6.6.5.1, " Sweep List ", on page 248.

For details on defining the limits (masks), see Chapter 6.6.4.2, "Limit Lines in SEM
Measurements", on page 239.

Range definition

After a preset, the sweep list contains a set of default ranges and parameters. For
each range, you can change the parameters listed above. You can insert or delete
ranges.

The changes of the sweep list are only kept until you load another parameter set (by
pressing [PRESET] or by loading an XML file). If you want a parameter set to be avail-
able permanently, create an XML file for this configuration (for details refer to "How to
save a user-defined SEM settings file" on page 267).

If you load one of the provided XML files, the sweep list contains ranges and parame-
ters according to the selected standard.

Reference range

The range containing the center frequency is defined as the reference range for all
other ranges in the sweep list. All range limits are defined in relation to the reference
range. The TX power used as a reference for all power level results in the result sum-
mary is also calculated for this reference range. You can define whether the power
used for reference is the peak power level or the integrated power of the reference
range. In the "Sweep List" , the reference range is highlighted in blue and cannot be
deleted.

Rules

The following rules apply to ranges:
® The minimum span of a range is 20 Hz.
® The individual ranges must not overlap (but can have gaps).
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® The maximum number of ranges is 30.

® The minimum number of ranges is 3.

® The reference range cannot be deleted.

® Center the reference range on the center frequency.

® The current "Tx Bandwidth" defines the minimum span of the reference range (see
" Channel Power Settings " on page 255).

® Define frequency values for each range relative to the center frequency.

To change the start frequency of the first range or the stop frequency of the last range,
select the appropriate span with the [SPAN] key. You can define a span that is smaller
than the combined span of all ranges. In this case, the measurement includes only the
ranges that lie within the defined span and have a minimum span of 20 Hz. The first
and last ranges are adapted to the given span as long as the minimum span of 20 Hz
is not violated.

@ Changing the frequency range of the measurement using external mixers

If you change the used frequency range of the measurement by activating or deactivat-
ing an external mixer, the R&S FSW automatically adapts the span to full span. Thus,
the ranges for the SEM measurement can change, as well.

Sweep points

You can define a minimum number of sweep points for each range. The total number
of available sweep points is then distributed among the ranges in consideration of the
minimum values. If the total number of sweep points is not enough to satisfy the mini-
mum sweep point requirements in all ranges, the R&S FSW adjusts the global number
of Sweep Points accordingly. By default, each range has a minimum of one sweep
point.

This allows you to increase the resolution within a specific range for detailed analysis.
You do not have to increase the overall number of sweep points and thus the measure-
ment time for the SEM measurement.

Symmetrical ranges

You can easily define a sweep list with symmetrical range settings, i.e. the ranges to
the left and right of the reference range are defined symmetrically. When symmetrical
setup is activated, the current sweep list configuration is changed to define a symmetri-
cal setup regarding the reference range. The number of ranges to the left of the refer-
ence range is reflected to the right, i.e. any missing ranges on the right are inserted,
while superfluous ranges are removed. The values in the ranges to the right of the ref-
erence range are adapted symmetrically to those in the left ranges.

Symmetrical ranges fulfill the conditions required for "Fast SEM" mode (see Chap-
ter 6.6.4.3, "Fast SEM Measurements", on page 241).
Power classes

If the signal power level to be monitored varies and the limits vary accordingly, you can
define power classes, which can then be assigned to the frequency ranges. Thus, the

|
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6.6.4.2

limits for the signal levels can be defined differently for varying input levels. For
instance, for higher input levels a transmission standard can allow for higher power lev-
els in adjacent channels, whereas for lower input levels the allowed deviation can be
stricter. Up to four different power classes can be defined.

Limit Lines in SEM Measurements

For the R&S FSW, the spectrum emission mask is defined using limit lines. Limit lines
allow you to check the measured data (that is, the trace results) against specified limit
values. Generally, it is possible to define limit lines for any measurement in the Spec-
trum application application using the [Lines] function. For SEM measurements, how-
ever, special limit lines are available via the "Sweep List" , and it is strongly recommen-
ded that you use only these limit line definitions.

In the "Sweep List" , you can define a limit line for each power class that varies its level
according to the specified frequency ranges. Special limit lines are automatically
defined for each power class according to the current "Sweep List" settings every time
the settings change. These limit lines are labeled "_SEM_LINE_<xxx>_ABS<0...3>"
and "_SEM_LINE_<xxx> REL<0...3>", where <xxx> is an index to distinguish limit
lines between different channels.

The limit line defined for the currently used power class is indicated by a red line in the
display. The result of the limit check is indicated at the top of the diagram. Note that
only "Pass" or "Fail" is indicated; a "Margin" function as for general limit lines is not
available.
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1 Spectrum Emission Mask

f

"
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2 Result Summary
Sub Block A Center 900.00 MHz Tx Power 27.61 dBm RBW 30.000 kHz
Tx Bandwidth 3.840 MHz W-CDMA 3GPP DL
Range Low Range Up Frequency Power Abs Power Rel ALimit
- 889.91868 MHz -45.22 dBm -72.82 dB -19.54 dB
895.50318 MHz -46.66 dBm -74.27 dB -24.59 dB
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Canfig
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The indicated limit line depends on the settings in the "Sweep List" . Several types of
limit checks are possible:
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Table 6-12: Limit check types

Limit check type

Pass/fail criteria

Limit line definition

"Absolute"

Absolute power levels must not
exceed limit line

Defined by the "Abs Limit Start" / "Abs Limit
Stop" values for each range

"Relative"

Power deviations relative to the TX
channel power must not exceed limit
line

Defined by the "Rel Limit Start" / "Rel Limit
Stop" values (relative to the TX channel
power), fixed for each range.

"Relative with
function f(x)"

If the power exceeds both the abso-
lute and the relative limits, the check
fails (see Relative limit line functions
below)

Defined by the maximum of the absolute or
relative start and stop limit values for each
range. Thus, the start or stop point of the limit
range, or both, are variable (since the maxi-
mum can vary).

"Abs and Rel"

If the power exceeds both the abso-
lute and the relative limits, the check
fails.

The less strict (higher) limit line is displayed
for each range.

If you use a function to define the relative limit
start or stop value, the signal is checked
against an additional condition: the power
must exceed the absolute limit, as well as the
absolute and relative function values.

"Abs or Rel"

If the power exceeds either the
absolute or the relative limits, the
check fails.

The stricter (lower) limit line is displayed for
each range.

If you use a function to define the relative limit
start or stop value, the signal is checked
against an additional condition: if the power
exceeds the absolute limit, or the higher of the
absolute and relative function values, the
check fails.

Relative limit line functions

A new function allows you to define limit lines whose start or end points (or both) are
variable, depending on the carrier power. Thus, the resulting limit line can change its
slope within the range, depending on the carrier power. Common relative limit lines are
calculated once for the defined start and end points and maintain a constant slope.

If the relative limit value function is used in combination with the "Abs and Rel" or "Abs
or Rel" limit check types, an additional condition is considered for the limit check (see

Table 6-12).

Limit check results in the result summary

For each range, the peak measured value and the deviation of these values from the
limit line are displayed in the result summary. If the limit check is passed for the range,
the deviation represents the closest value to the limit line. If the limit check is passed
for the range, the deviation represents the closest value to the limit line. If the limit
check for the range fails, the deviation represents the maximum violation against the
limit line. Furthermore, the absolute power levels and the relative deviation of the
peaks from the TX channel power are displayed. Values that exceed the limit are indi-
cated in red and by an asterisk (*).
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AZ Spectrum Emissiorn

Tx Bandwidth 3.840 MHz
Range Low | Fange Up 1 REW Frequency |

for the peak values to be displayed in the Result Summary can be defined. (In the "List
Evaluation" settings, see Chapter 6.6.5.7, "List Evaluation (Results Configuration)”,
on page 262).

@ Although a margin functionality is not available for the limit check, a margin (threshold)

6.6.4.3 Fast SEM Measurements

To improve the performance of the R&S FSW for spectrum emission mask measure-
ments, a "Fast SEM" mode is available. If this mode is activated, several consecutive
ranges with identical sweep settings are combined to one sweep internally, which
makes the measurement considerably faster. The displayed results remain unchanged
and still consist of several ranges. Thus, measurement settings that apply only to the
results, such as limits, can nevertheless be defined individually for each range.

Prerequisites

"Fast SEM" mode is available if the following criteria apply:
® The frequency ranges are consecutive, without frequency gaps

® The following sweep settings are identical (for details see Chapter 6.6.5.1, " Sweep
List ", on page 248):

— "Filter Type"

- "RBW"

- "VBW"

— "Sweep Time Mode"

— "Reference Level"

— "RF Attenuation Mode"
— "RF Attenuation”

— "Preamplifier"

Activating Fast SEM mode

"Fast SEM" mode is activated in the sweep list (see Chapter 6.6.5.1, " Sweep List ",
on page 248) or using a remote command. Activating the mode for one range auto-
matically activates it for all ranges in the sweep list.

Remote command:

[SENSe: ]ESPectrum<sb>:HSPeed on page 896
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For SEM with multiple sub blocks, fast SEM is not available. If more than one sub
block is defined and a standard is loaded which contains an active fast SEM setting,
this setting is disabled.

For more information on multi-SEM measurements, see Chapter 6.6.4.5, "SEM with
Multiple Sub Blocks ("Multi-SEM")", on page 243.

6 Fast SEM not supported for multiple sub blocks

Consequences

When the "Fast SEM" mode is activated, the ranges for which these criteria apply are
displayed as one single range. The sweep time is defined as the sum of the individual
sweep times, initially, but can be changed.

sweep list settings can be configured symmetrically automatically (see also " Symmet-

6 If "Symmetrical Setup" mode is active when "Fast SEM" mode is activated, not all
rical Setup " on page 253).

Any other changes to the sweep settings of the combined range are applied to each
included range and remain changed even after deactivating "Fast SEM" mode.

Example

Spectrum Emission Mask

Range 3 Range 4 Range 5
-2.515 MHz -2.51498 MHz 2.515 MHz 2.51502 MHz

0 -2.515 MHz -2.51498 MHz | QR Bl Y b 2.51502 MHz 12.75 MHz

on on on on on

MNormal(3dB) Normal{3dB)

30 kHz 1

3 MHz

30 kHz

3 MHz

419 ps 279 ps

0 dBm 0 dBm

Auto Auto

10 dB 10 dB

None None Sy None None

SUM SUM SUM SUM

ep Po 1 1 1 1

Figure 6-40: Sweep list using Fast SEM mode

In Figure 6-40, a sweep list is shown for which Fast SEM is activated. The formerly five
separately defined ranges are combined to two sweep ranges internally.

|
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6.6.4.4

6.6.4.5

Multi-Standard Radio (MSR) SEM Measurements

Multi-standard radio (MSR) measurements allow you to perform SEM tests on signals
with multiple carriers using different digital standards. MSR measurements are descri-
bed in the specification 3GPP TS 37.141. Various typical combinations of standards for
base station tests are described, e.g. LTE FDD and W-CDMA carriers. By performing
an MSR SEM measurement you can determine if or how the different carriers affect
each other, i.e. if unwanted emissions occur. On the R&S FSW, the MSR SEM mea-
surement is a standard measurement as for single carriers. The MSR settings merely
provide a convenient way of configuring the sweep list for all required ranges according
to the specification quickly.

Refined settings allow the R&S FSW to calculate the SEM limits according to standard
3GPP 37.141 V12.2.0, which distinguishes between base station configurations and
power values.

SEM with Multiple Sub Blocks ("Multi-SEM")

In the Spectrum application application only, spectrum emissions can be measured for
multiple sub blocks of channels (also referred to as a "Multi-SEM" measurement). Sub
blocks are a set of multiple ranges around a defined center frequency (carrier). Multiple
sub blocks can include gaps or overlap, and each sub block defines a separate mask.
In the overlapping masks, multi-limit lines are calculated. Up to three sub blocks (with
two gaps) can be defined. For each sub block, the familiar configuration settings con-
cerning ranges, limit lines etc. can be defined individually.

Comparison to "traditional” SEM measurement

The default SEM measurement is simply a special case of "Multi-SEM" - consisting of
one single block. Only if the number of sub blocks in the basic SEM configuration is
larger than 1, multiple sub blocks are inserted in the configuration settings and result
tables.

Particular features of configuring multiple sub blocks

The sub blocks are independent of the global start, stop, center and span frequencies
for the complete SEM measurement. Thus, there can be gaps that can even include
other carrier ranges, but are not configured for the SEM measurement.

For each sub block, you define:

® The center frequency of the reference range of the sub block; center frequencies
must be defined in ascending order for sub blocks A,B,C

® The reference range; note that although individual ranges of different sub blocks
can overlap, reference ranges for different sub blocks cannot; they must define dis-
tinct frequency ranges

® The sweep list, including the limit lines

e Optionally: a standard file or MSR settings to be used for measurement (if one is
selected, the other is disabled)
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6 Fast SEM not supported for multiple sub blocks

For SEM with multiple sub blocks, fast SEM is not available. If more than one sub
block is defined and a standard is loaded which contains an active fast SEM setting,
this setting is disabled.

Absolute vs relative frequencies

In the default configuration with only one sub block, frequencies are defined relative to
the center frequency; this is the familiar configuration.

For setups with more than one sub block, frequencies are defined relative to the center
frequency of the reference ranges for the individual sub blocks. However, in the result
summary, frequencies are indicated as absolute values. Relative frequencies that refer
to different reference ranges would be inconvenient and difficult to analyze.

Limit check behavior for overlapping masks

Since spectrum emission masks are defined individually for each sub block, and sub
blocks can overlap, the question arises what happens during the limit check in the
overlapping regions? To answer this question, we must distinguish the following cases:

® For the reference range, no limit checking is performed, as the reference range
contains the carrier

® For other ranges, only the limit lines defined for ranges between the carriers, that is
the reference ranges to either side, are significant. In other words: if a limit line def-
inition covers the frequency area of several carriers, only the limit lines for ranges
between the corresponding reference range and the next closest reference range
are significant.

Figure 6-41: Behavior for overlapping masks

® For the ranges in which multiple limit lines are significant, a range-specific function
determines the behavior of the limit check

Limit calculation for individual ranges
For each range a function can be defined that determines the behavior of the limit
check if there are multiple limit lines:

® "NONE" : In reference ranges no limit check is performed,;
Reference ranges always use the function "NONE" .
For other ranges, see the combinations for overlapping ranges below.

® "SUM" : sum of the two limit lines (calculated for linear powers) is used
e "MAX" : maximum of the two limit lines is used
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This leads to the following combinations for overlapping ranges:

e "MAX" + "MAX" : maximum of the two limit lines is used
e "MAX" + "SUM" : maximum of the two limit lines is used
e "SUM" + "SUM" : sum of the two limit lines (calculated for linear powers) is used

e "NONE" + "MAX" / "NONE" + "SUM" : limit line (and parameters) of the "NONE"
range are ignored

e "NONE" + "NONE" : depends on the position of the overlapping ranges in relation
to the mid-frequency between the two neighboring sub blocks:

— Overlap is completely below the mid-frequency: limits and parameters of the
left sub block are used

— Overlap is completely above the mid-frequency: limits and parameters of the
right sub block are used

— Overlap crosses the mid-frequency: new subranges are created: one to the left
of the mid-frequency, one to the right of the mid-frequency. The left subrange
uses the limits and parameters of the left sub block, the right subrange uses
the limits and parameters of the right sub block.

6 Different RBWs in overlapping ranges

If different RBWs are defined for the overlapping ranges, the following parameters from
the range with the smaller RBW are considered for both ranges:

e RBW

° VBW

® Attenuation

® Reference level

® Transducer

® Filter type

® (proportional) sweep time

In the range with the higher RBW, the following offset is applied to the limit line:
-1071 0og (RB VVIarge /RB Wsmall)
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Table 6-13: Limit lines in overlapping ranges crossing the mid-frequency

Mid-frequency Mid-frequency
Sub . SB1-SB2 _ Sub _ SB1-SB2 _ Sub
block 1! ‘ iblock 2 i iblocl-( 2
i i \ —
; TX2 TX1 % TX2
] | % %
| ; // |
L] L] ‘f \ "
Initial situation: overlapping ranges Result: Subranges 4a and 5a are created left and right of the
Range 4 ("None") + Range 5 ("None") overlap and cross the mid-frequency;
mid-frequency between sub blocks 1 and 2 For subrange 4a: limit line and parameters of range 4 apply
For subrange 5a: limit line and parameters of range 5 apply

Global SEM limit check

For the complete SEM measurement, which can consist of multiple sub blocks, only
one single limit check is performed. A single limit line is calculated according to the
individual range limit lines and the defined functions for overlapping ranges. The mea-
sured values are then compared with this single limit line. If the limit is exceeded in any
range, the result of the limit check is . " failed!"
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Figure 6-42: Summarized limit line for multiple sub blocks

6.6.5 SEM Configuration

Access: "Overview" > "Select Measurement" > "Spectrum Emission Mask"
The SEM measurement is started immediately with the default settings.

The remote commands required to perform these tasks are described in Chap-
ter 13.5.7, "Measuring the Spectrum Emission Mask", on page 892.

Global span settings
The span of the signal to be monitored is configured in the general span settings (see

Chapter 7.3.2, "Frequency and Span Settings", on page 440). Only ranges within this
global span are considered for the SEM measurement.

Multi-SEM configuration
In the Spectrum application application only, spectrum emissions can be measured for

multiple sub blocks of channels (see Chapter 6.6.4.5, "SEM with Multiple Sub Blocks
("Multi-SEM")", on page 243). Up to three sub blocks (with two gaps) can be defined.
For each sub block, the familiar configuration settings concerning ranges, limit lines
etc. can be defined in individual tabs. In addition, settings on the sub blocks them-
selves must be configured in the "Sub Block" tab of the "Spectrum Emission Mask"
configuration dialog box (see Chapter 6.6.5.2, "Multi-SEM (Sub Block) Settings ",

on page 253).

s
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The following settings are available in individual tabs of the "Spectrum Emission Mask"
configuration dialog box.

SWEEP LISt ettt e e e e e e e e e —————
Multi-SEM (Sub Block) Settings .
Reference RaNge..........coi i
POWET ClaSSES....uuuiiiiiiiiieee i i ittt et e e e e e e s s st e e e e e eaeesesssesaarreaeeeeeaeaeesessaannnns
Y ST ST 1110 1 PSRRI
StANAAId FilES.....eeieiiiiiii et
List Evaluation (Results Configuration).............cooooviirriiriiiicccre e, 262

6.6.5.1 Sweep List

Access: "Overview" > "Select Measurement" > "Spectrum Emission Mask" > "Sweep
List"

For SEM measurements, the input signal is split into several frequency ranges which
are swept individually and for which different limitations apply. You configure the indi-
vidual frequency ranges and mask limits in the "Sweep List" .

If you edit the sweep list, always follow the rules and consider the limitations described
in Chapter 6.6.4.1, "Ranges and Range Settings", on page 237.

Spectrum Emission Mask
Sweep List Sub Blocks Reference Range Power Classes MSR Settings Standard Files

Sub Range 1 Range 2 Range 3
Block A  Range Start PSR 2,515 MHz

Range Stop 2,515 MHz 12.75MHz
Fast SEM “ off

Filter Type Normal(3dE ) L\l Gl e 53]
RBW 30 kHz

vBW 3 MHz

Sweep Time Mode Auto

Sweep Time 140 ps

Ref Level 0 dBm

RF Att Mode Auto

RF Attenuation 10dB

Preamp “ off

Transducer

Multi Limit Calc

Min Sweep Points 1

Limit Check 1 Relative

Rel Limit Start 1 -50 dBc 300 dBc

Insert Insert Delete Symmetrical Setup
before after

Range Range R on off

Range Start / RaNge STOP ..o 249
Fast SEM
Filter Type
RBW
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LY SR 250
SWeep TiME MOAE ..o e e e e e e e e e eee s 250
A= TCT o T o TS PRSP 250
REF LEVE .ttt ettt e e et e et e e e e anreee s 250
L N 101 Yo [ SR 250
R N A (= TUE=1 (o] o E P PPPPPUT PRI 250
[ (== 0 0] o SRR 251
I =L S Te (U Te7= Tl = T (o S 251
Limit CheCK SN> ..t e e e e e e e e e ee e e e e e e e e e e e e e e e annnnnes 251
Abs Limit Start / StOP SN> s 251
Rel Limit Start / STOP SN> .o 251
MUlti-Limit CalC SN> L.eiiiiiee e e 252
Min SWEEP POINES ...t e e e e e e e e e e e e e e eennans 252
Insert before Range / Insert after RaNge .......occveeiiiiiiiiiii e 253
Delete RANGE ... 253
SYMMELHCAl SELUP eeiiiieie e e 253

Range Start / Range Stop
Sets the start frequency/stop frequency of the selected range.

To change the start/stop frequency of the first or last range, respectively, select the
appropriate span in the [SPAN] configuration dialog. You can set a span that is smaller
than the overall span of the ranges. In this case, the measurement includes only the
ranges that lie within the defined span and have a minimum span of 20 Hz. The first
and last ranges are adapted to the given span as long as the minimum span of 20 Hz
is not violated.

Define frequency values for each range relative to the center frequency. Center the ref-
erence range on the center frequency. The current "Tx Bandwidth" defines the mini-
mum span of the reference range (see " Channel Power Settings " on page 255).

Remote command:
[SENSe:]LIST:RANGe<ri>[:FREQuency] :STARt on page 899
[SENSe:]LIST:RANGe<ri>[:FREQuency] : STOP on page 899

Fast SEM
Activates "Fast SEM" mode for all ranges in the sweep list. For details, see Chap-
ter 6.6.4.3, "Fast SEM Measurements", on page 241.

Note: If you deactivate "Fast SEM" mode while "Symmetrical Setup" mode is on,
"Symmetrical Setup" mode is automatically also deactivated.

If you activate "Fast SEM" mode while "Symmetrical Setup" mode is on, not all range
settings can be configured symmetrically automatically.

Remote command:
[SENSe: |ESPectrum<sb>:HSPeed on page 896

Filter Type
Sets the filter type for this range.

For details on filter types, see Chapter 7.5.1.6, "Which Data May Pass: Filter Types",
on page 460.
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Remote command:
[SENSe: ]ESPectrum<sb>:RANGe<ri>:FILTer:TYPE on page 898

RBW
Sets the resolution bandwidth for this range.

For details on the RBW, see Chapter 7.5.1.1, "Separating Signals by Selecting an
Appropriate Resolution Bandwidth", on page 457.

Remote command:
[SENSe:]ESPectrum<sb>:RANGe<ri>:BANDwidth:RESolution on page 897

VBW
Sets the video bandwidth for this range.

For details on the VBW, see Chapter 7.5.1.2, "Smoothing the Trace Using the Video
Bandwidth", on page 457.

Remote command:
[SENSe: ]ESPectrum<sb>:RANGe<ri>:BANDwidth:VIDeo on page 897

Sweep Time Mode
Activates or deactivates the auto mode for the sweep time.

For details on the sweep time mode, see Chapter 7.5.1.7, "How Long the Data is Mea-
sured: Sweep Time ", on page 461

Remote command:
[SENSe: ] ESPectrum<sb>:RANGe<ri>:SWEep:TIME:AUTO on page 909

Sweep Time
Sets the sweep time value for the range.

For details on the sweep time, see Chapter 7.5.1.7, "How Long the Data is Measured:
Sweep Time ", on page 461

Remote command:
[SENSe: ]ESPectrum<sb>:RANGe<ri>:SWEep:TIME on page 908

Ref Level
Sets the reference level for the range.

For details on the reference level, see Chapter 7.4.1.1, "Reference Level",
on page 446.

Remote command:
[SENSe: ]ESPectrum<sb>:RANGe<ri>:RLEVel on page 908

RF Att Mode
Activates or deactivates the auto mode for RF attenuation.

For details on attenuation, see Chapter 7.4.1.2, "RF Attenuation”, on page 447.

Remote command:
[SENSe: ]ESPectrum<sb>:RANGe<ri>:INPut:ATTenuation:AUTO on page 900

RF Attenuation
Sets the attenuation value for the range.
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For details on attenuation, see Chapter 7.4.1.3, "Scaling", on page 448.

Remote command:
[SENSe:]ESPectrum<sb>:RANGe<ri>:INPut:ATTenuation on page 900

Preamp
Switches the preamplifier on or off.

For details on the preamplifier, see " Preamplifier " on page 452.

Remote command:
[SENSe: ]ESPectrum<sb>:RANGe<ri>:INPut:GAIN:STATe on page 901

Transducer Factor
Sets a transducer for the specified range. You can only choose a transducer that fulfills
the following conditions:

® The transducer overlaps or equals the span of the range.
® The x-axis is linear.
® The unitis dB.

For details on transducers, see Chapter 11.3.1, "Basics on Transducer Factors",
on page 671.

Remote command:
[SENSe: ]ESPectrum<sb>:RANGe<ri>:TRANsducer on page 909

Limit Check <n>
Sets the type of limit check for the n-th power class in the range. Up to four limits are
possible.

For details on limit checks, see Chapter 6.6.4.2, "Limit Lines in SEM Measurements",
on page 239.

The limit state affects the availability of all limit settings.

Remote command:
[SENSe: ] ESPectrum<sb>:RANGe<ri>:LIMit<li>:STATe on page 907
CALCulate<n>:LIMit<1i>:FATL? on page 1197

Abs Limit Start / Stop <n>
Sets an absolute limit value for the n-th power class at the start or stop frequency of
the range [dBm].

Remote command:

[SENSe: ]ESPectrum<sb>:RANGe<ri>:LIMit<li>:ABSolute:STARt
on page 902

[SENSe: ]ESPectrum<sb>:RANGe<ri>:LIMit<li>:ABSolute:STOP
on page 902

Rel Limit Start / Stop <n>

Sets a relative limit value for the n-th power class at the start or stop frequency of the
range [dBc].

By default, this value is a fixed relative limit, i.e. no function is defined. To define a
function for the relative limit, select the input field for "Rel Limit Start" or "Rel Limit
Stop" and then the "f(x)" icon that appears.
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Rel Limit Start 1 f*)  Function for Limitpoint

Rel Limit Stop 1 -50 dBc 3

Function Off

Relative Level R ]:]s

U T A RSTE -13.0 dBm

If the function is set to "Max" , you can define a relative and an absolute limit level. In
this case, the maximum of the two values is used as the limit level.

For more information, see "Relative limit line functions" on page 240.

Remote command:

[SENSe: |ESPectrum<sb>:RANGe<ri>:LIMit<li>:RELative:STARt

on page 903

[SENSe: |ESPectrum<sb>:RANGe<ri>:LIMit<li>:RELative:STOP

on page 905

[SENSe: ]ESPectrum<sb>:RANGe<ri>:LIMit<li>:RELative:STARt:
FUNCtion on page 904

[SENSe: |ESPectrum<sb>:RANGe<ri>:LIMit<li>:RELative:STOP:FUNCtion

on page 906

[SENSe: |ESPectrum<sb>:RANGe<ri>:LIMit<li>:RELative:STARt:ABS
on page 903
[SENSe:]ESPectrum<sb>:RANGe<ri>:LIMit<li>:RELative:STOP:ABS
on page 905

Multi-Limit Calc <n>

Defines the function used to calculate the limit line for the n-th power class for overlap-
ping ranges in Multi-SEM measurements. For details, see "Limit calculation for individ-
ual ranges" on page 244.

"NONE" (reference ranges only:) the limit of the reference range is used
"SUM" Sum of the two limit lines (calculated for linear powers) is used
"MAX" Maximum of the two limit lines is used

Remote command:
[SENSe: ]ESPectrum<sb>:RANGe<ri>:MLCalc on page 908

Min Sweep Points
Defines the minimum number of sweep points for the range.

If necessary to fulfill all minimum sweep point requirements in all ranges, the global
Sweep Points setting is increased. By default, each range is supplied with a minimum
of one sweep point.

For details, see "Sweep points" on page 238

Remote command:
[SENSe: ]ESPectrum<sb>:RANGe<ri>:POINts:MINinum[:VALue] on page 907
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Insert before Range / Insert after Range

Inserts a new range to the left (before) or to the right (after) of the range in which the
cursor is currently displayed. The range numbers of the currently focused range and all
higher ranges are increased accordingly. The maximum number of ranges is 30.

Remote command:
[SENSe:]ESPectrum<sb>:RANGe<ri>:INSert on page 901

Delete Range

Deletes the currently focused range, if possible. (The reference range cannot be
deleted. A minimum of three ranges is required.) The range numbers are updated
accordingly.

Remote command:
[SENSe: ]ESPectrum<sb>:RANGe<ri>:DELete on page 898

Symmetrical Setup
Any changes to the range settings in active "Symmetrical Setup" mode lead to sym-
metrical changes in the other ranges (where possible). In particular, this means:

® |nserting ranges: a symmetrical range is inserted on the other side of the reference

range

® Deleting ranges: the symmetrical range on the other side of the reference range is
also deleted

® Editing range settings: the settings in the symmetrical range are adapted accord-
ingly

Note: If "Fast SEM" mode is deactivated while "Symmetrical Setup” mode is on, "Sym
Setup" mode is automatically also deactivated.

If "Fast SEM" mode is activated while "Symmetrical Setup" mode is on, not all range
settings can be set automatically.

6.6.5.2 Multi-SEM (Sub Block) Settings

Access: "Overview" > "Select Measurement" > "Spectrum Emission Mask" > "Sub
Blocks"

In the Spectrum application application only, spectrum emissions can be measured for
multiple sub blocks of channels (see Chapter 6.6.4.5, "SEM with Multiple Sub Blocks
("Multi-SEM")", on page 243). Sub blocks are a set of multiple ranges around a defined
center frequency (carrier).

By default, a single sub block is assumed. If more than one sub blocks are defined,
additional tabs are inserted for each sub block in the individual tabs of the "Spectrum
Emission Mask" configuration dialog box.
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Spectrum Emission Mask

Sweep List Sub Blocks Reference Range Power Classes MSR Settings

Sub Block / Center Freq Standard Sweep List

.Y 13.25 GHz or MSR Settings Edit

i3 13.35 GHz or MSR Settings

1o 13.45 GHz or MSR Settings

SUD BIOCK COUNT ...ttt ettt ettt eese e e e e e eaeaaaeaaeeeeeeeeesesenes 254
10| o =1 o Yo (A O =Y o1 (=) gl =Y [ PRRRR 254
Standard / MSR SettiNgs ....oooiiiiiiiieeeeeeee e —————— 254
Edit SWEEP LSt et —————— 254

Sub Block Count
Defines the number of sub blocks. By default, the familiar SEM measurement with just
one single block of ranges is configured.

Remote command:
[SENSe: ]ESPectrum<sb>:SCOunt on page 895

Sub Block / Center Freq
Defines the center frequency for an individual sub block. The center frequency deter-
mines the reference range used for each block.

For measurements with only one sub block, this setting corresponds to the global set-
ting in the "Frequency" settings (see Center Frequency ).

Remote command:
[SENSe: ]ESPectrum<sb>:SCENter on page 895

Standard / MSR Settings

Defines the use of a standard settings file or a multi-standard radio configuration for a
particular sub block. For details, see Chapter 6.6.5.6, "Standard Files", on page 260
and Chapter 6.6.5.5, "MSR Settings", on page 257.

Note that either a standard or an MSR setting can be selected; if one is selected, the
other is disabled.

Remote command:
[SENSe: ]ESPectrum<sb>:PRESet [:STANdard] on page 893
Chapter 13.5.7.3, "Configuring a Multi-SEM Measurement", on page 894

Edit Sweep List

Switches to the "Sweep List" tab of the "Spectrum Emission Mask" dialog box to con-
figure the individual frequency ranges and mask limits for the corresponding sub block.
See Chapter 6.6.5.1, " Sweep List ", on page 248.
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6.6.5.3 Reference Range
Access: "Overview" > "Select Measurement" > "Spectrum Emission Mask" > "Refer-
ence Range"

The range around the center frequency is defined as the reference range for all other
ranges in the sweep list.

Spectrum Emission Mask

Sweep List Sub Blocks Reference Range Power Classes MSR Settings

Sub
Block A

Channel Power Pealk Power

Sub
Block B
Charrel Po

Sub
Block C Tx Bandwidth [EE:ENN g

RRC Filter State

Power REfErenCe TYPE ..cooouuiiiiii it e s eeee e 255
Channel POWET SENGS ....coiiiiiiiiiii et 255
L TX BANAWIALH ..ottt 256
L RRC Filter STAE ...veeeeererircereirereseereseeseseerese s esees e sssesesesessssessssssssens 256
L AIDNE: ettt ettt 256

Power Reference Type
Defines how the reference power is calculated.

"Channel Power"
Measures the channel power within the reference range using the
integration bandwidth method. Additional settings can be configured
for this method.
(See also "IBW method" on page 155)

"Peak Power"
Determines the peak power within the reference range.

Remote command:
[SENSe: | ESPectrum<sb>:RTYPe on page 911

Channel Power Settings
If the "Power Reference Type:" "Channel Power" was selected, additional parameters
can be configured.

|
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Tx Bandwidth < Channel Power Settings
Defines the bandwidth used for measuring the channel power, with:

Minimum span < "Tx Bandwidth" < of reference range

Remote command:
[SENSe: ]ESPectrum<sb>:BWID on page 910

RRC Filter State < Channel Power Settings
Activates or deactivates the use of an RRC filter.

Remote command:
[SENSe: ]ESPectrum<sb>:FILTer[:RRC] [:STATe] on page 910

Alpha: — Channel Power Settings
Sets the alpha value of the RRC filter (if activated).

Remote command:
[SENSe:]ESPectrum<sb>:FILTer [:RRC] :ALPHa on page 910

6.6.5.4 Power Classes
Access: "Overview" > "Select Measurement" > "Spectrum Emission Mask" > "Power
Classes"

You can configure power classes which you can then assign to sweep list ranges. For
details, see "Power classes" on page 238.

Spectrum Emission Mask

Sweep List Sub Blocks Reference Range Power Classes MSR Settings

Sub i ed Power Classes: Al
BlOCk A sed Fower asses:

sub Power Class PMin <=P< PMax

Block B
Power Class 1 199.9 dBm Sweep List

Sweep List

Sub

Remove

USEA POWET ClasSSeS: oiiiiiiiiiiieieiei et e e ettt e e e e e e e e e e et eeee e e e e e e e e e e annneenneees 257
YT T /= G 257
ST oI SR 257
Adding or Removing @ POWETr CIaSsS ........ccocicuiiiiiiiiieee et eee e e 257
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Used Power Classes:

Defines which power classes are considered for the SEM measurement. Limits can be
defined only for used power classes. It is only possible to select either one specific
power class or all the defined power classes.

If "All" is selected, the power class that corresponds to the currently measured power
in the reference range is used for monitoring. The limits assigned to that power class
are applied (see " Abs Limit Start / Stop <n> " on page 251 and " Rel Limit Start / Stop
<n>"on page 251).

Remote command:
CALCulate<n>:LIMit<1li>:ESPectrum<sb>:PCLass<pc>[:EXCLusive]

on page 914

To define all limits in one step:
CALCulate<n>:LIMit<li>:ESPectrum<sb>:PCLass<pc>:LIMit[:STATe]
on page 915

PMin / PMax

Defines the power limits for each power class. The first range always starts at -200
dBm (-INF) and the last range always stops at 200 dBm (+INF). These fields cannot be
modified. If more than one power class is defined, the value of "PMin" must be equal to
the value of "PMax" of the previous power class and vice versa.

Note that the power level can be equal to the lower limit(s), but must be lower than the
upper limit(s):

Pmin§P<Pmax
Otherwise the ranges are corrected automatically.

Remote command:
CALCulate<n>:LIMit<li>:ESPectrum<sb>:PCLass<pc>:MINimum
on page 916
CALCulate<n>:LIMit<li>:ESPectrum<sb>:PCLass<pc>:MAXimum
on page 915

Sweep List

Switches to the "Sweep List" tab of the "Spectrum Emission Mask" dialog box and
focuses the "Limit Check" setting for the corresponding power class (1-4) in the refer-
ence range (see " Limit Check <n> " on page 251).

Adding or Removing a Power Class

Adds a new power class at the end of the list or removes the last power class. After
adding or removing, the last power class is adapted to end at "+INF" . Note that a max-
imum of four power classes are available.

Remote command:
CALCulate<n>:LIMit<li>:ESPectrum<sb>:PCLass<pc>:COUNt on page 914

MSR Settings

Access: "Overview" > "Select Measurement" > "Spectrum Emission Mask" > "MSR
Settings"
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Multi-standard radio (MSR) measurements allow you to perform SEM tests on multiple
carriers using different digital standards.

For details, see Chapter 6.6.4.4, "Multi-Standard Radio (MSR) SEM Measurements",
on page 243.

Spectrum Emission Mask

Sweep List Sub Blocks Reference Range Power Classes MSR Settings
Common
Sub
Block A p5nd category BCZ

Sub Base Station Class Wide Area
Block B

BS Max Qutput Power

Sub
Block C Bands

Base Station RF Bandwicdth JRlEeRY s F4

width Edge

. GSM/Edge Present
Power Gsm Carrier

B L7EFOD 1.4MHZ/3MHzZ Present

Apply to SEM

o= To [ OF=) (=Yoo Y/ 258
Base Station Class .....cccoooiiiiiiiiccceeeeeee et e e e —————— 259
Base Station Maximum OUtput POWET ... 259
7= T < 259
Base Station RF Bandwidth ..., 259
Carrier Adjacent to RF Bandwidth EAQe ........ccoooioiiiiiiiieee e, 259
oA 1T g = 5 4 1= 260
Y o] o] 1Y (0 TS T = |V PP 260

Band Category
Defines the band category for MSR measurements, i.e. the combination of available
carriers to measure.

"BC1" LTE FDD and W-CDMA
"BC2" LTE FDD, W-CDMA and GSM/EDGE
"BC3" LTE TDD and TD-SCDMA

Remote command:
[SENSe: ]ESPectrum<sb>:MSR:BCATegory on page 918

|
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Base Station Class
Defines the class of the base station according to its sending range.

This setting is required to calculate the SEM limits according to standard 3GPP 37.141
V12.2.0.

Remote command:
[SENSe: ]ESPectrum<sb>:MSR:CLASs on page 919

Base Station Maximum Output Power
Defines the maximum output power of the base station. Possible values are from
0 dBm to 100 dBm in 1 dB steps.

This setting is only available for base stations with a medium range Base Station
Class .

This value is required to calculate the SEM limits according to standard 3GPP 37.141
V12.2.0.

Remote command:
[SENSe: | ESPectrum<sb>:MSR:MPOWer on page 921

Bands
Defines the frequency range of the bands used by the base station.

This setting is only available for Band Category 1 or 3.

This setting is required to calculate the SEM limits according to standard 3GPP 37.141
V12.2.0.

Remote command:
[SENSe: ]ESPectrum<sb>:MSR:BAND on page 917

Base Station RF Bandwidth
Defines the relevant RF bandwidth (span) required to measure all available carriers in
MSR SEM measurements.

Remote command:
[SENSe: ]ESPectrum<sb>:MSR:RFBWidth on page 922

Carrier Adjacent to RF Bandwidth Edge
For particular measurement setups, the specification demands specific limits for the
SEM ranges.

These settings are only available for Band Category 2.

"GSM/Edge Present"
A GSM/EDGE carrier is located at the edge of the RF band.
In this case, the power of the GSM carrier must be specified (see "
Power Gsm Carrier " on page 260).

"LTE FDD 1.4MHz/3MHz Present"
An LTE FDD 1.4 MHz or 3 MHz carrier is located at the edge of the
RF band.

Remote command:
[SENSe: ]ESPectrum<sb>:MSR:GSM:CPResent on page 920
[SENSe:]ESPectrum<sb>:MSR:LTE:CPResent on page 921
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6.6.5.6

Power Gsm Carrier

Defines the power of the GSM carrier (if available, see " Carrier Adjacent to RF Band-
width Edge " on page 259). Possible values are from 0 dBm to 100 dBm in 1 dB steps.
This setting is only available for Band Category 2.

This setting is required to calculate the SEM limits according to standard 3GPP 37.141
V12.2.0.

Remote command:
[SENSe: ]ESPectrum<sb>:MSR:GSM:CARRier on page 919

Apply to SEM
Configures the SEM sweep list according to the specified MSR settings.

Remote command:
[SENSe: ] ESPectrum<sb>:MSR:APPLy on page 917

Standard Files

Access: "Overview" > "Select Measurement" > "Spectrum Emission Mask" > "Stan-
dard Files"

You can save the current measurement settings as a user-defined standard (XML file),
or load stored measurement settings. Furthermore, you can delete an existing settings
file.

Spectrum Emission Mask

Sweep List Sub Blocks Reference Range Power Classes MSR Settings Standard Files

Drive: is(C:) 0S ~ Path; 'l sem_std (C:/ES-MAIN/etv /sw/sem_std)

0 cdma2000
O EUTRA-LTE
O EVDO
[0 TD-SCDMA
1 WCDMA,
[0 WIBRO
0 WIMAX
1 WLAN
[ None.xml
Restore

Standard
Files

File Name

For details, see Chapter 6.6.6.1, "How to Manage SEM Settings Files", on page 267.

|
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@ Standard files for sub blocks (Multi-SEM measurements)

If more than one sub blocks are defined, the "Standard Files" tab and softkey are not
available. To load a standard file for an individual sub block, use the Standard / MSR
Settings setting in the "Sub Blocks" tab.

Selecting Storage Location - Drive/ Path/ Files.........cccooiiiiiii e 261
1 TSTN (N F=T 0 = S 261
[IoT=To IS r= 1 To £= T o IS PPOPRPRRR 261
SAVE SEANAAI .....ccoeeeeeeeeee e e e e e e e e e e e e e e e e e e rrearaa—a 262
(D1 (SIS £= T Lo F=T o PR 262
Restore Standard FilES ........ooviviueiiiiiieeeeee e e e e e 262

Selecting Storage Location - Drive/ Path/ Files
Select the storage location of the file on the instrument or an external drive.

The default storage location for the SEM settings files is:
C:\Program Files (x86)\Rohde-Schwarz\FSW\<version>\sem std.

Note: Saving instrument settings in secure user mode.

In secure user mode, settings that are stored on the instrument are stored to volatile
memory, which is restricted to 256 MB. Thus, a "memory limit reached" error can occur
although the hard disk indicates that storage space is still available.

To store data permanently, select an external storage location such as a USB memory
device.

For details, see Chapter 4.1.7, "Protecting Data Using the Secure User Mode",

on page 44.

For details, see "Protecting Data Using the Secure User Mode" in the "Data Manage-
ment" section of the R&S FSW base unit user manual.

Remote command:
MMEMory : CATalog on page 1203

File Name
Contains the name of the data file without the path or extension.

By default, the name of a user file consists of a base name followed by an underscore.
Multiple files with the same base name are extended by three numbers, e.g.

limit lines 005.

File names must be compatible with the Windows conventions for file names. In partic-
ular, they must not contain special characters such as ":", "*", "?".

For details on the filename and location, see Chapter 10.3.2.2, "Storage Location and
Filename", on page 625.

Load Standard
Loads the selected measurement settings file.

Remote command:
[SENSe: ]ESPectrum<sb>:PRESet [:STANdard] on page 893
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Save Standard
Saves the current measurement settings for a specific standard as a file with the
defined name.

Remote command:
[SENSe: ] ESPectrum<sb>:PRESet:STORe on page 893

Delete Standard

Deletes the selected standard. Standards predefined by Rohde & Schwarz can also be
deleted. A confirmation query is displayed to avoid unintentional deletion of the stan-
dard.

Note: Restoring predefined standard files. The standards predefined by Rohde &
Schwarz available at the time of delivery can be restored using the "Restore Standard
Files" function (see " Restore Standard Files " on page 262).

Restore Standard Files

Restores the standards predefined by Rohde & Schwarz available at the time of deliv-
ery.

The XML files from the

C:\Program Files (x86)\Rohde-Schwarz\FSW\<version>\sem backup
folder are copied to the

C:\Program Files (x86)\Rohde-Schwarz\FSW\<version>\sem std folder.

Note that this function will overwrite customized standards that have the same name
as predefined standards.

Remote command:
[SENSe: ]ESPectrum<sb>:PRESet:RESTore on page 893

6.6.5.7 List Evaluation (Results Configuration)
Access: "Overview" > "Select Measurement" > "Spectrum Emission Mask" > "List
Evaluation"

In the "List Evaluation" dialog box, you configure the contents and display of the SEM
results.
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List Evaluation

List Evaluation State

Seftings

Show Peaks On Off

Margin 200.0 dB

e BEvaluation List

Decimal Separator Point Comma

Save

List Evaluation State (Result SUMMArY)........ccuiiiiiiiiiiiiiie e 263
SNOW PEAKS ...eeeiiiiiiiiiie ettt e e sttt e et e e e sb e e e e e e s aabreeeeeanes 263
=T o 11 PN 263
Saving the Result Summary (Evaluation List) to @ File ....ccccccooeeeiiiiiiiiiiiee 264

List Evaluation State (Result Summary)
Activates or deactivates the Result Summary.

Remote command:
CALCulate<n>:ESPectrum:PEAKsearch:AUTO on page 923
TRACe<n>[:DATA] on page 1116

Show Peaks
If activated, all peaks that have been detected during an active SEM measurement are
marked with blue squares in the Spectrum diagram.

Remote command:
CALCulate<n>:ESPectrum:PEAKsearch:PSHow on page 924

Margin

Although a margin functionality is not available for the limit check, you can define a
margin (or: threshold) for the peak values to be displayed in the result summary. Only
peaks that exceed the margin value are displayed (also in the diagram, if activated).

Remote command:
CALCulate<n>:ESPectrum:PEAKsearch:MARGin on page 923
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Saving the Result Summary (Evaluation List) to a File

Exports the Result Summary of the SEM measurement to an ASCI| file for evaluation
in an external application. If necessary, change the decimal separator for evaluation in
other languages.

Define the filename and storage location in the file selection dialog box that is dis-
played when you select the "Save" function.

For details, see Chapter 6.6.8.2, "ASCII File Export Format (Spectrum Emission
Mask)", on page 276.

Remote command:
MMEMory: STORe<n>:LIST on page 1228
FORMat :DEXPort:DSEParator on page 1202

6.6.6 How to Perform a Spectrum Emission Mask Measurement

SEM measurements can be performed according to a specific standard or freely con-
figured. Configuration for signals with a regular channel definition can be configured
quickly and easily. Selecting the SEM measurement is a prerequisite for all other tasks.

For signals with multiple carriers, also in non-contiguous ranges, an SEM measure-
ment with multiple sub blocks can be configured.

For multi-standard radio SEM measurements, configuration for specified scenarios can
be done automatically.

The following tasks are described:

® "To select an SEM measurement” on page 264

® "To perform an SEM measurement according to a standard" on page 264
® "To configure a user-defined SEM measurement” on page 264

® "To perform an MSR SEM measurement" on page 266

® "To perform a Multi-SEM measurement" on page 266

For remote operation, see Chapter 13.5.7.11, "Example: SEM Measurement",
on page 924.

To select an SEM measurement

» Press the [MEAS] key, then select the "Spectrum Emission Mask" measurement.

To perform an SEM measurement according to a standard

» Load the settings file as described in "How to load an SEM settings file"
on page 267 and start a measurement.

To configure a user-defined SEM measurement

1. Define the span of the signal you want to monitor in the general span settings.
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2. Split the frequency span of the measurement into ranges for signal parts with simi-
lar characteristics.
Starting from the center frequency, determine which sections of the signal to the
left and right can be swept and monitored using the same parameters. Criteria for
such a range definition may be, for example:

The signal power level

The required resolution bandwidth or sweep time

Transducer factors

Permitted deviation from the defined signal level, i.e. the required limit values
for monitoring

If the signal consists of a transmission channel and adjacent channels, the channel
ranges can usually be used for the range definition.

3. If the signal power level to be monitored varies and the limits vary, define power
classes. For each range of levels that can be monitored in the same way, define a
power class.

a) Select the "Overview" softkey.

b) Select the "SEM Setup" button.

c) Switch to the "Power Classes" tab.

d) To add a power class, select the "Add" button.

e) Enter the start and stop power levels to define the class.

f) Select the power classes to be used for the current measurement:

e a specific class
e all classes, to have the required class selected automatically according to
the input level measured in the reference range

4. Select the "Sweep List" tab of the "Spectrum Emission Mask" dialog box.

5. Insert the required ranges using the "Insert before Range" and "Insert after Range"
buttons, which refer to the currently selected range (the reference range by
default).

If the signal trace is symmetric to the center frequency, activate the "Sym Setup”
option to make setup easier and quicker.

6. Define the measurement parameters for each range as required. If symmetrical
setup is activated, you only have to configure the ranges to one side of the center
range.

In particular, define the limits for each range of the signal, i.e. the area in which the
signal level can deviate without failing the limit check. If several power classes
were defined (see step 3), define limits for each power class.

a) Define the type of limit check, i.e. whether absolute values or relative values
are checked, or both. The type of limit check is identical for all power classes.
b) Define the limit start and stop values.

7. If the sweep list settings - other than the limit and transducer values - are identical
for several adjacent ranges, activate "Fast SEM" mode to speed up the measure-
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ment. You only have to activate the mode for one range, the others are adapted
automatically.

If necessary, change the settings for the reference power to which all SEM results
refer in the "Reference Range" tab.

To indicate the determined peaks in the display during an SEM measurement,
select "Overview" > "Analysis" > "Show Peaks" .

To save the current SEM measurement settings to a file to re-use them later, save
a settings file as described in "How to save a user-defined SEM settings file"
on page 267.

Start a sweep.

The determined powers and limit deviations for each range are indicated in the
Result Summary. If activated, the peak power levels for each range are also indica-
ted in the Spectrum diagram.

To save the Result Summary, export the results to a file as described in Chap-
ter 6.6.6.2, "How to Save SEM Result Files", on page 268.

To perform an MSR SEM measurement

1.
2.

Select the "MSR Config" softkey.

Select the band category that determines the digital standards used in the mea-
surement setup (see " Band Category " on page 258).

Define the bandwidth that contains all relevant carrier signals to be measured.

For measurements with GSM/EDGE, LTE FDD and W-CDMA carriers (BC2),
define whether a GSM/EDGE or an LTE FDD carrier, or both, are located at the
edge of the bandwidth.

Select the "Apply to SEM" button.

The sweep list is configured according to the MSR specification, with the required
number of ranges and defined limits.

Start a sweep.

The determined powers and limit deviations for each range are indicated in the
Result Summary. If activated, the peak power levels for each range are also indica-
ted in the Spectrum diagram.

To save the Result Summary, export the results to a file as described in Chap-
ter 6.6.6.2, "How to Save SEM Result Files", on page 268.

To perform a Multi-SEM measurement

1.
2.
3.

Define the span of the signal to be monitored in the general span settings.
Select the "Multi-SEM Config" softkey.

Define the number of sub blocks (up to 3) that contain the relevant carriers.
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4. For each sub block, define the center frequency, that is, the frequency of the TX
carrier or a frequency in the dedicated reference range.

5. For each sub block, do one of the following:

Select a standard settings file to be used.
Select the "MSR Settings" button and define the MSR configuration as descri-
bed in "To perform an MSR SEM measurement" on page 266.

e Select the "Edit" button and configure the sweep list manually as defined in "To
configure a user-defined SEM measurement" on page 264. Be sure to select
the correct vertical tab for the corresponding sub block within each subtab of
the "Spectrum Emission Mask" configuration dialog.

Define a function to be used for overlapping ranges in the "Multi-Limit Calc"
field of the sweep list.

6. Start a sweep.

The determined powers and limit deviations for each sub block, each gap, and
each range are indicated in the Result Summary. If activated, the peak power lev-
els for each range are also indicated in the Spectrum diagram.

7. To save the Result Summary, export the results to a file as described in Chap-
ter 6.6.6.2, "How to Save SEM Result Files", on page 268.

How to Manage SEM Settings Files

SEM measurement settings can be saved to an XML file which can then be exported to
another application or loaded on the R&S FSW again later. Some predefined XML files
are provided that contain ranges and parameters according to the selected standard.
All XML files are stored under

C:\Program Files (x86)\Rohde-Schwarz\FSW\<version>\sem std.

For details on the file format of the SEM settings file, see Chapter 6.6.8.1, "Format
Description of SEM XML Files", on page 270.

SEM settings or standard files are managed in the "Standard" tab of the "Spectrum
Emission Mask" dialog box. To display this dialog box, select the "Overview" softkey
and then the "SEM Setup" button.
How to load an SEM settings file
1. From the file selection dialog box, select the settings file (with a .xm1 extension).
2. Select the "Load" button.
The settings from the selected file are restored to the R&S FSW and you can
repeat the SEM measurement with the stored settings.
How to save a user-defined SEM settings file

1. Configure the SEM measurement as required (see Chapter 6.6.6, "How to Perform
a Spectrum Emission Mask Measurement", on page 264).
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2. Inthe "Standard Files" tab of the "Spectrum Emission Mask" dialog box, define a
filename and storage location for the settings file.

3. Select the "Save" button.

The settings are stored to a file with the extension . xm1 as specified.

How to delete an SEM settings file

1. In the "Standard Files" tab of the "Spectrum Emission Mask" dialog box, select the
file you want to delete.

2. Select the "Delete" button.
3. Confirm the message.

The settings file is removed from the R&S FSW.

How to restore default SEM settings files

The R&S FSW is delivered with predefined settings files which can be edited and over-
written. However, you can restore the original files.

» In the "Standard Files" tab of the "Spectrum Emission Mask" dialog box, select the
"Restore Standard Files" button.

The original predefined settings files are available for selection on the R&S FSW.

How to Save SEM Result Files

The Result Summary from an SEM measurement can be saved to a file, which can be

exported to another application for further analysis, for example.

For details on the file format of the SEM export file, see Chapter 6.6.8.2, "ASCII File

Export Format (Spectrum Emission Mask)", on page 276.

1. Configure and perform an SEM measurement as described in Chapter 6.6.6, "How
to Perform a Spectrum Emission Mask Measurement”, on page 264.

2. Inthe "Overview" , select the "Analysis" button.

3. If necessary, change the "Decimal Separator" to "COMMA" for evaluation in other
languages.

4. Select the "Save" button.

5. In the file selection dialog box, select a storage location and filename for the result
file.

6. Select the "Save" button.

The file with the specified name and the extension .dat is stored in the defined
storage location.
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6.6.7 Measurement Example: Multi-SEM Measurement

The following measurement example demonstrates an SEM measurement for a signal
with multiple sub blocks.

A programming example demonstrating a SEM measurement in a remote environment
is provided in Chapter 13.5.7.11, "Example: SEM Measurement”, on page 924.

Test setup:
Signal
Generator 1 l
Coupler Spectrum
.
[- & dB| Analyzer
Signal T
Generator 2
Signal generator settings (e.g. R&S FSW SMW):
Device Standard Center frequency Level Test model
SigGen 1 3GPP/FDD 900 MHz 0dBm 1-16
SigGen 2 EUTRAILTE 906.5 MHz 0dBm 1_1_5MHz

Setting up the measurement

1. Preset the R&S FSW.

Set the center frequency to 903.25 MHz.

Set the reference level to 10 dBm with an offset of to 30 dB.

Press the [MEAS] key or select "Select Measurement" in the "Overview" .
Select the "SEM" measurement function.

Select the "Sub Blocks" softkey and enter "Sub Block Count" of 2.

N o o r w0 DN

For "Sub Block A", define the settings for the 3GPP/FDD signal:

Set the "Center Frequency" to 900 MHz

Select "MSR Settings" .

Set the "Base Station RF Bandwidth" to 5 MHz.
Select "Apply to SEM" .
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8. For "Sub Block B", define the settings for the EUTRA/LTE signal:

Set the "Center Frequency" to 906.5 MHz
Select "MSR Settings" .

Set the "Base Station RF Bandwidth" to 5 MHz.
Select "Apply to SEM" .

9. Select [RUN SINGLE] to perform a measurement with the new settings.

The results of the measurement for each sub block are displayed in the Result
Summary. The summarized limit line is indicated in the Spectrum graph.
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Figure 6-43: Multi-SEM measurement: results of the measurement for each sub block

6.6.8 Reference: SEM File Descriptions

This reference provides details on the format of the SEM settings and result files.

e Format Description of SEM XML Fil€S......cccoiiiiiiiiiiiiciccccieie e eeeeeeeeeens 270
e ASCII File Export Format (Spectrum Emission Mask).........ccccccceeeveeeeeriiiccciinneee. 276

6.6.8.1 Format Description of SEM XML Files

The SEM XML files offer a quick way to change the measurement settings. A set of
predefined XML files for different standards is already provided. You can also create
and use your own XML files. Alternatively, edit the settings directly in the "Spectrum
Emission Mask" dialog box and save the XML file afterwards. This way, you do not
have to modify the XML file itself.

In addition to saving the current settings to a file, settings files can also be created
independently of the R&S FSW, in an external application. When creating your own
XML files, be sure to comply with the following conventions because the R&S FSW can

e
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only interpret XML files of a known structure. For sample files, see the
C:\Program Files (x86)\Rohde-Schwarz\FSW\<version>\sem std direc-
tory of the R&S FSW.

To load a settings file, use the "Load" function in the "Standard Files" tab of the "Spec-
trum Emission Mask" dialog box (see "How to load an SEM settings file" on page 267).
All XML files are stored under

C:\Program Files (x86)\Rohde-Schwarz\FSW\<version>\sem std.

The files for importing range settings obey the rules of the XML standard. The child
nodes, attributes, and structure defined for the data import are described here.

able to interpret the XML file and error messages are shown on the screen. It is recom-

6 Be sure to follow the structure exactly as shown below or else the R&S FSW is not
mended that you make a copy of an existing file and edit the copy of the file.

Basically, the file consists of three elements that can be defined:

® The BaseFormat element
® The PowerClass element
® The Range element

The "BaseFormat" element

It carries information about basic settings. In this element, only the ReferencePower
child node has any effects on the measurement itself. The other attributes and child
nodes are used to display information about the Spectrum Emission Mask standard on
the measurement screen. The child nodes and attributes of this element are shown in
Table 6-14.

Example:

In the sample file PowerClass 39 43.xml under
C:\Program Files (x86)\Rohde-Schwarz\FSW\<version>\sem std\
WCDMA\ 3GPP, these attributes are defined as follows:

e Standard="W-CDMA 3GPP"
® LinkDirection="DL"
® PowerClass="(39,43)dBm"

The "PowerClass™ element

It is embedded in the BaseFormat element and contains settings information about
the power classes. Up to four different power classes can be defined. For details, refer
to Chapter 6.6.5.4, "Power Classes", on page 256. The child nodes and attributes of
this element are shown in Table 6-15.

The "Range" element

This element is embedded in the PowerClass element. It contains the settings infor-
mation of the range. There have to be at least three defined ranges: one reference
range and at least one range to either side of the reference range. The maximum num-
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ber of ranges is 30. Note that the R&S FSW uses the same ranges in each power
class. Therefore, the contents of the ranges of each defined power class have to be
identical to the first power class. The start and Stop values of the two Limit nodes
that are used to determine the power class are an exception. Note also that you must
define two limit nodes: one that defines the limit in absolute values and one in relative
values. Make sure units for the Start and Stop nodes are identical for each Limit
node.

For details, refer to Chapter 6.6.5.1, " Sweep List ", on page 248. The child nodes and
attributes of this element are shown in Table 6-16.

The following tables show the child nodes and attributes of each element and show if a
child node or attribute is mandatory for the R&S FSW to interpret the file or not. The
hierarchy of the XML cannot be seen in the tables. View one of the predefined files
already stored on the R&S FSW in the "C:\Program Files

(x86) \Rohde-Schwarz\FSW\<version>\sem std" directory, or check the struc-
ture as shown below.

Below, a basic example of the structure of the file is shown, containing all mandatory
attributes and child nodes. Note that the PowerClass element and the Range element
are themselves elements of the BaseFormat element. They must be inserted where
noted. They are separated here simply to provide a better overview. Also, no example
values are given here to allow a quick reference to the tables above. Italic font shows
the placeholders for the values.

® The BaseFormat element is structured as follows:

— <RS_SEM_ACP_FileFormat Version="1.0.0.0">
<Name>"Standard"</Name>
<Instrument>
<Type>"Instrument Type"</Type>
<Application>"Application"</Application>
</Instrument>
<LinkDirection Name="Name">
<ReferencePower>
<Method>"Method"</Method>
</ReferencePower>
<PowerClass Index="n">
<!I-- For contents of the PowerClass node, see Table 6-15 -->
<!-- Define up to four PowerClass nodes -->
</PowerClass>
</LinkDirection>
</RS_SEM_ACP_File>

® The "PowerClass" element is structured as follows:

— <PowerClass Index="n">
<StartPower Unit="dBm" InclusiveFlag="true" Value="StartPowerValue"/>
<StopPower Unit="dBm" InclusiveFlag="false" Value="StopPowerValue"/>
<DefaultLimitFailMode>"Limit Fail Mode"</DefaultLimitFailMode>
<Range Index="n">
<l-- For contents of the Range node, see Table 6-16 -->
<!-- Define up to twenty Range nodes -->
</Range>

|
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</PowerClass>
® The "Range" element is structured as follows:

— <Range Index="n">
<Name="Name">
<ChannelType>"Channel Type"</Channel Type>
<WeightingFilter>
<Type>"FilterType"</Type>
<RollOffFactor>"Factor"</RollOffFactor>
<Bandwith>"Bandwidth"</Bandwidth>
</WeightingFilter>
<FrequencyRange>
<Start>"RangeStart"</Start>
<Stop>"RangeStop"</Stop>
</FrequencyRange>
<Limit>
<Start Unit="Unit" Value="Value"/>
<Stop Unit="Unit" Value="Value"/>
</Limit>
<Limit>
<Start Unit="Unit" Value="Value"/>
<Stop Unit="Unit" Value="Value"/>
</Limit>
<RBW Bandwidth="Bandwidth" Type="FilterType"/>
<VBW Bandwidth="Bandwidth"/>
<Detector>"Detector"</Detector>
<Sweep Mode="SweepMode" Time="SweepTime"/>
<Amplitude>
<ReferencelLevel Unit="dBm" Value="Value"/>
<RFAttenuation Mode="Auto" Unit="dB" Value="Value"/>
<Preamplifier State="State"/>
</Amplitude>
<MeasPointsMin>1</MeasPointsMin>
<CalcRuleMulti>Sum</CalcRuleMulti>

</Range>
Table 6-14: Attributes and child nodes of the BaseFormat element
Child Node Attribute Value Parameter Description Mand.
FileFormatVersion 1.0.0.0 Yes
Date YYYY-MM-DD Date in ISO 8601 format No
HH:MM:SS
Name <string> Name of the standard Yes
Instrument Type FSL Name of the instrument No
Application SA | K72 | K82 Name of the application No
LinkDirection Name Downlink | Uplink | Yes
None
ShortName DL | UL No
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Child Node Attribute Value Parameter Description Mand.
Reference- Yes
Power
Method TX Channel Power | Yes
TX Channel Peak
Power
Reference- <string> No
Channel

Table 6-15: Attributes and child nodes of the PowerClass element

Child Node Attribute Value Parameter description Mand.

StartPower Value <power in dBm> The start power must be equal | Yes
to the stop power of the previ-
ous power class. The Start-

Power value of the first range

is -200
Unit dBm Yes
InclusiveFlag true Yes
StopPower Value <power in dBm> The stop power must be equal | Yes

to the start power of the next
power class. The StopPower
value of the last range is 200

Unit dBm
InclusiveFlag false Yes
DefaultLimitFailMode Absolute | Relative Yes

| Absolute and Rel-
ative | Absolute or
Relative

Table 6-16: Attributes and child nodes of the Range element (normal ranges)

Child node Attribute | Value Parameter description Mand.

Index 0...19 Indices are continuous and | Yes
have to start with 0

Name <string> Name of the range Only if Referen-
ceChannel con-
tains a name and
the range is the
reference range

Short- <string> Short name of the range No
Name
ChannelType TX | Adjacent Yes
WeightingFilter Only if Referen-
cePower method
is TX Channel

Power and the
range is the ref-
erence range
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Child node Attribute | Value Parameter description Mand.
Type RRC | CFilter Type of the weighting filter | Yes
Roll Off Factor 0...1 Excess bandwidth of the fil- | Only if the filter
ter type is RRC
Bandwidth <bandwidth in Hz> | Filter bandwidth Only if the filter
type is RRC
FrequencyRange Yes
Start <frequency in Hz> | Start value of the range Yes
Stop <frequency in Hz> | Stop value of the range Yes
Limit dBm/Hz | dBm | A Range must contain Yes
dBc | dBr | dB exactly two limit nodes; one
of the limit nodes has to
have a relative unit (e.g.
dBc), the other one must
have an absolute unit (e.g.
dBm)
Start Value <numeric_value> Power limit at start fre- Yes
quency
Unit dBm/Hz | dBm | Sets the unit of the start
dBc | dBr | dB value
Stop Value <numeric_value> Power limit at stop fre-
quency
Unit dBm/Hz | dBm | Sets the unit of the stop
dBc | dBr | dB value
LimitFailMode Absolute | Relative | If used, it has to be identical | No
| Absolute and Rel- | to DefaultLimitFailMode
ative | Absolute or
Relative
RBW Bandwidth | <bandwidth in Hz> | " RBW " on page 250 Yes
Type NORM | PULS | No
CFIL | RRC
VBW Bandwidth | <bandwidth in Hz> | " VBW " on page 250 Yes
Detector NEG | POS | If used, it has to be identical | No
SAMP | RMS | in all ranges.
AVER | QUAS
Sweep Mode Manual | Auto " Sweep Time Mode " Yes
on page 250
Time <time in sec> " Sweep Time " No
on page 250
Amplitude No
ReferencelLevel Value <power in dBm> " Ref Level " on page 250 Yes, if the Refer-
encelevel child
node is used
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Child node Attribute | Value Parameter description Mand.

Unit dBm Defines dBm as unit Yes, if the Refer-
encelevel node
is used

RFAttenuation Mode Manual | Auto " RF Att Mode " Yes, if the Refer-
on page 250 encelevel child
node is used
Preamplifier ON|OFF|1]0 " Preamp " on page 251 Yes

6.6.8.2 ASCII File Export Format (Spectrum Emission Mask)

When trace data from an SEM measurement is exported, the data is stored in ASCII
format as described below. The first part of the file lists information about the signal
analyzer and the general setup.

File contents Explanation

File header

Type;FSW-26; Model

Version;1.00; Firmware version

Date;31.Mar 17; Storage date of data set
Mode;ANALYZER;SEM; Operating mode and measurement function
Center Freq;13250000000.000000;Hz X-axis settings

Freq Offset;0.000000;Hz

Span;25500000.000000;Hz

x-Axis;LIN;

Start;13237250000.000000;Hz

Stop;13262750000.000000;Hz

Level Offset;0.000000;dB Y-axis settings

Ref Position;100.000000;%

y-Axis;LOG;

Level Range;100.000000;dB

Trace settings

Trace Mode;CLR/WRITE;

Detector;RMS;

Sweep Count;0;

Trace 1;;

x-Unit;Hz;

y-Unit;dBm;
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File contents

Explanation

List evaluation settings

Margin;200;

Peak List margin

Reference range settings

RefType; CPOWER,;

Reference power type

TxBandwidth;3840000;;Hz

Filter State; ON;

Alpha;0.22;

Channel power settings

PeaksPerRange;1;

Max. number of peaks per range to be detected

Values;2;

Number of detected peaks

File data section

0;-12750000;-2515000;30000;13242367500;-43.844 | Measured peak values:
722747802734;-0.33028793334960938;49.6697120
66650391;FAIL;

<range number>;

2;2515000;12750000;30000;13257632500;-43.8447
22747802734;-0.33028793334960938;49.66971206
6650391;FAIL;

<start frequency>;

<stop frequency>;

<resolution bandwidth of range>;
<frequency of peak>;

<absolute power in dBm of peak>;

<relative power in dBc of peak>; (related to the
channel power)

<distance to the limit line in dB>; (positive value
means above the limit)

<limit fail (pass = 0, fail =1)>;

Spurious Emissions Measurement

Spurious Emissions measurements monitor unwanted RF products outside the
assigned frequency band generated by an amplifier.

o  About the MEaSUrEMENT.........coiiiiii e 277
e Spurious Emissions Measurement RESUILS............ceeiiiieiiiiiiiiiiicceeeeeeeeeee, 278
®  Spurious EmIsSioNs BasICS......ccccooiiiiiiiiiiiiieeeeeee e 279
e Spurious Emissions Measurement Configuration...........cccccceeiiniiieneiiniieen e, 281
e How to Perform a Spurious Emissions Measurement..........ccccccceeeeieivcccnvivnnennnnn. 287
e Reference: ASCII Export File Format (SPUFOUS)......cccvvvieeeieeeeiiiiccciiiieeeeeeeee e 289

About the Measurement

The Spurious Emissions measurement monitors unwanted RF products outside the

assigned frequency band generated by an amplifier. The spurious emissions are usu-
ally measured across a wide frequency range. The Spurious Emissions measurement
allows a flexible definition of all parameters. A result table indicates the largest devia-
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tions of the absolute power from the limit line for each range, and the results can be
checked against defined limits automatically.

JW/\/\VAM

CF 6.3750045 GHz 68704 pts 1.27 GHz/ Span 12.749991 GHz
2 Result Summary

e Low Range Up Frequency Power Abs ALimit
0 ki 0.000 0

1 Spurious Emissions

6.7.2 Spurious Emissions Measurement Results

The measured signal, including any spurious emissions, and optionally the detected
peaks are displayed in the Spurious Emissions measurement diagram. If defined, the
limit lines and the limit check results are also indicated. In addition to the graphical
results, a result table can be displayed to evaluate the measured powers and limit
check results (see also Chapter 6.7.3.2, "Limit Lines in Spurious Measurements",

on page 280). The details of the evaluation list can be configured.

2 Result Summary
Range Low Frequency Power Abs ALimit

The following information is provided in the evaluation list for each range:

Column Description

Range Low Frequency range start for the range the peak value belongs to

Range Up Frequency range end for the range the peak value belongs to

RBW RBW of the range

Frequency Frequency at the peak value

Power Abs Absolute power level at the peak value

ALimit Deviation of the absolute power level from the defined limit for the peak
value

By default, one peak per range is displayed. However, you can change the settings to:

® Display all peaks
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6.7.3

6.7.3.1

® Display a certain number of peaks per range
® Display only peaks that exceed a threshold ( "Margin" )
® Display detected peaks as blue squares in the diagram, as well as in the peak list

1 Spurious Emissions

CF 6.3750045 GHz 68704 pts Span 12.749991 GHz

A
Jﬂjﬂﬂ\&fuﬂu_

Furthermore, you can save the evaluation list to a file.

Retrieving Results via Remote Control

The measured spurious values of the displayed trace can be retrieved using the
TRAC:DATA? SPUR command (see TRACe<n>[:DATA] on page 1116).

Spurious Emissions Basics

Some background knowledge on basic terms and principles used in Spurious Emis-
sions measurements is provided here for a better understanding of the required config-
uration settings.

e Ranges and Range SettingS.......cooiiiiiiiiiiiiiiccccccie e 279
e Limit Lines in Spurious Measurements...........cccceeceeeieieiiiiiieeeeeeeeeceeeeeeeeeeeeeaees 280

Ranges and Range Settings

Conditions for ranges
The following rules apply to ranges:

® The minimum span of a range is 20 Hz.

The individual ranges must not overlap (but can have gaps).

® The maximum number of ranges is 30

® The maximum number of sweep points in all ranges is limited to 100001.

You can define a span that is smaller than the combined span of the ranges. In this

case, the measurement includes only the ranges that lie within the defined span and
have a minimum span of 20 Hz.

s
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R\ Defining ranges by remote control

6.7.3.2

/" In Spurious Emissions measurements, there are no remote commands to insert new

ranges between existing ranges directly. However, you can delete or redefine the exist-
ing ranges to create the required order.

A remote command example for defining parameters and ranges in Spurious Emis-
sions measurements is described in Chapter 13.5.8.7, "Programming Example: Spuri-
ous Emissions Measurement”, on page 938.

Limit Lines in Spurious Measurements

Limit lines allow you to check the measured data against specified limit values. Gener-
ally, it is possible to define limit lines for any measurement in the Spectrum application
using the [Lines] key. For Spurious measurements, however, a special limit line is
available via the "Sweep List" , and it is strongly recommended that you use only this
limit line definition.

In the "Sweep List" , you can define a limit line that varies its level according to the
specified frequency ranges. A distinguished limit line is automatically defined according
to the current "Sweep List" settings every time the settings change. This limit line is
labeled "_SPURIOUS_LINE_ABS <xxx>", where <xxx> is an index to distinguish limit
lines between different channels.

If a limit check is activated in the "Sweep List" , the "_SPURIOUS_LINE_ABS_<xxx>"
limit line is indicated by a red line in the display. The result of the limit check is indica-
ted at the top of the diagram. Note that only "Pass" or "Fail" is indicated; a margin func-
tion as for general limit lines is not available. Also, only absolute limits can be checked,
not relative ones.

1 Spurious Emissions

a
A
as \/ \” o

CF 6,3750045 GHz 68704 pts

2 Result Summary
Range Low Range Up Frequency Power Abs ALimit
) kHz 0 kHz iz

Span 12,749991 GHz

As for general limit lines, the results of each limit line check are displayed (here:
" SPURIOUS_LINE_ABS <xxx>"), as well as the combined result for all defined limit
lines ( "Limit Check" ).

|
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The limit check is considered to be " failed!" if any signal level outside the absolute lim-
its is measured.

If the limit check is activated, the limit line values for each range are displayed in the
evaluation list. Furthermore, the largest deviations of the absolute power from the limit
line for each range are displayed. Values that exceed the limit are indicated in red and
by an asterisk (*).

Although a margin functionality is not available for the limit check, a margin (threshold)

@ for the peak values to be displayed in the evaluation list can be defined. Furthermore,
you can define how many peaks per range are listed. For details, see Chapter 6.7.4.3,
"List Evaluation", on page 285.

6.7.4 Spurious Emissions Measurement Configuration

Access: "Overview" > "Select Measurement" > "Spurious Emissions"
The spurious emissions measurement is started immediately with the default settings.

The remote commands required to perform these tasks are described in Chap-
ter 13.5.8, "Measuring Spurious Emissions", on page 928.

@ SWEEP LISt .t 281
e Adjusting the X-Axis to the Range Definitions.........ccueeiiiiiiiiii e, 285
® LSt EVAlUGLION. .. ..eiiiiee e 285

6.7.4.1 Sweep List

Access: "Overview" > "Select Measurement" > "Spurious Emissions" > "Sweep List"

For Spurious Emissions measurements, the input signal is split into several frequency
ranges which are swept individually and for which different limitations apply.

If you edit the sweep list, always follow the rules and consider the limitations described
in Chapter 6.7.3.1, "Ranges and Range Settings", on page 279.
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Spurious Emissions

Range 1 Range 2 Range 3 Range 4
Range Start 150 kHz 30 MHz 1 GHz

Range Stop 150 kHz 30 MHz 1 GHz 12,75 GHz

Filter Type Normal(3dB) | Normal(3dB) | Normal(3dB)  Normal(3dB)

REBW 1 kHz 10 kHz 100 kHz 1 MHz

VBW 3 kHz 30 kHz 300 kHz 3 MHz

Sweep Time Mode Auto Auto Auto Auto

Sweep Time 14.1 ms 29.9 ms 32.1ms 35.3 ms

Detector RMS RMS RMS RMS

Ref Level -10 dBm -10 dBm -10 dBm -10 dBm

RF Att Mode Auto Auto Auto Auto

RF Attenuation odB 0dB ode ode

Preamp Off Off Off Off

Sweep Points

Stop After Sweep

Transducer None None None None

Limit Check Absolute Absolute Absolute Absolute

Abs Limit Start -30 dBm -30 dBm -30 dBm -30 dBm

Abs Limit Stop -30 dBm -30 dBm -30 dBm -30 dBm

Insert Insert
before after
Range Range

Delete Adjust
Range X-Axis

Range Start / RANGE STOP ..uuuuiiiiiiiee it e e e e 282
(11 (=T S Y/ o 1= S PP P PP PPPPPP PN 283
RBW

Sweep Time Mode
TS o T T T U

D1 (=Y o1 (o ] N

REFEIENCE LEVEI ... e e e e e e e e e e e e e e e e eeeeeees

RF Attenuation MOAE .......cooiiiiii e e e e e e e e e e e e e e e e ee e 284
RF Attenuation
L (= 0 0] o S
SWEEP POINTS...c i e e e e e e e e e e e e e s et e e e aaaeeeaaaannnrrnee
) (o] o AN 1 (=T BV =T=Y o U EEUPPRR N
TFANSAUCET ...ttt r e e e e e e e e e e e et et et e et eete et ees e et s aasaseeeaaaaaaeaseeeeesnennensnnes
0 01 O =Y o) PR
Abs Limit Start / Abs Limit Stop ................
Insert before Range / Insert after Range
Delete RANGE ...

Range Start / Range Stop
Sets the start frequency/stop frequency of the selected range.

You can define a span that is smaller than the overall span of the ranges. In this case,
the measurement includes only the ranges that lie within the defined span and have a
minimum span of 20 Hz.
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Remote command:
[SENSe:]LIST:RANGe<ri>[:FREQuency] : STARt on page 899
[SENSe:]LIST:RANGe<ri>[:FREQuency] : STOP on page 899

Filter Type
Sets the filter type for this range.

For details on filter types, see Chapter 7.5.1.6, "Which Data May Pass: Filter Types",
on page 460.

Remote command:
[SENSe: ] LIST:RANGe<ri>:FILTer:TYPE on page 931

RBW
Sets the RBW value for this range.

For details on the RBW, see Chapter 7.5.1.1, "Separating Signals by Selecting an
Appropriate Resolution Bandwidth", on page 457.

Remote command:
[SENSe:]LIST:RANGe<ri>:BANDwidth:RESolution on page 929

VBW
Sets the VBW value for this range.

For details on the VBW, see Chapter 7.5.1.2, "Smoothing the Trace Using the Video
Bandwidth", on page 457.

Remote command:
[SENSe: ] LIST:RANGe<ri>:BANDwidth:VIDeo on page 929

Sweep Time Mode
Activates or deactivates the auto mode for the sweep time.

For details on the sweep time mode, see Chapter 7.5.1.7, "How Long the Data is Mea-
sured: Sweep Time ", on page 461

Remote command:
[SENSe:]LIST:RANGe<ri>:SWEep:TIME:AUTO on page 934

Sweep Time
Sets the sweep time value for the range.

For details on the sweep time, see Chapter 7.5.1.7, "How Long the Data is Measured:
Sweep Time ", on page 461

Remote command:
[SENSe:]LIST:RANGe<ri>:SWEep:TIME on page 934

Detector
Sets the detector for the range.

For details, refer to "Mapping Samples to sweep Points with the Trace Detector"
on page 572.

Remote command:
[SENSe: ] LIST:RANGe<ri>:DETector on page 930
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Reference Level
Sets the reference level for the range.

For details on the reference level, see Chapter 7.4.1.1, "Reference Level",
on page 446.

Remote command:
[SENSe: ] LIST:RANGe<ri>:RLEVel on page 934

RF Attenuation Mode
Activates or deactivates the auto mode for RF attenuation.

For details on attenuation, see Chapter 7.4.1.2, "RF Attenuation”, on page 447.

Remote command:
[SENSe:]LIST:RANGe<ri>:INPut:ATTenuation:AUTO on page 932

RF Attenuation
Sets the attenuation value for that range.

For details on attenuation, see Chapter 7.4.1.2, "RF Attenuation”, on page 447.

Remote command:
[SENSe:]LIST:RANGe<ri>:INPut:ATTenuation on page 931

Preamp
Switches the preamplifier on or off.

For details on the preamplifier, see " Preamplifier " on page 452.

Remote command:
[SENSe:]LIST:RANGe<ri>:INPut:GAIN:STATe on page 932

Sweep Points
Sets the number of sweep points for the specified range.

For details on sweep points, see Chapter 7.5.1.8, "How Much Data is Measured:
Sweep Points and Sweep Count", on page 461.

Remote command:
[SENSe:]LIST:RANGe<ri>:POINts[:VALue] on page 934

Stop After Sweep
This command configures the sweep behavior.

"On" The R&S FSW stops after one range is swept and continues only if
you confirm (a message box is displayed).

"Off" The R&S FSW sweeps all ranges in one go.

Remote command:
[SENSe:]LIST:RANGe<ri>:BREak on page 929

Transducer
Sets a transducer for the specified range. You can only choose a transducer that fulfills
the following conditions:

® The transducer overlaps or equals the span of the range.
® The x-axis is linear.
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® The unitis dB.

For details on transducers, see Chapter 11.3.1, "Basics on Transducer Factors",
on page 671.

Remote command:
[SENSe:]LIST:RANGe<ri>:TRANsducer on page 935

Limit Check
Activates or deactivates the limit check for all ranges.

For details on limit checks, see Chapter 6.7.3.2, "Limit Lines in Spurious Measure-
ments", on page 280.

"ABSOLUTE" Signal is checked against absolute limit values
"NONE" No limit check is performed.

Remote command:
[SENSe:]LIST:RANGe<ri>:LIMit:STATe on page 933
CALCulate<n>:LIMit<1i>:FATL? on page 1197

Abs Limit Start / Abs Limit Stop
Sets an absolute limit value at the start or stop frequency of the range [dBm].

Remote command:
[SENSe:]LIST:RANGe<ri>:LIMit:STARt on page 933
[SENSe:]LIST:RANGe<ri>:LIMit:STOP on page 933

Insert before Range / Insert after Range

Inserts a new range to the left of the currently focused range (before) or to the right
(after). The range numbers of the currently focused range and all higher ranges are
increased accordingly. The maximum number of ranges is 30.

Delete Range
Deletes the currently focused range. The range numbers are updated accordingly.

Adjusting the X-Axis to the Range Definitions

Access: "Overview" > "Select Measurement" > "Spurious Emissions" > "Adjust X-Axis

The frequency axis of the measurement diagram can be adjusted automatically so that
the span of all sweep list ranges corresponds to the displayed span. Thus, the x-axis
range is set from the start frequency of the first sweep range to the stop frequency of
the last sweep range.

Remote command:

[SENSe:]LIST:XADJust on page 937

List Evaluation

Access: "Overview" > "Select Measurement" > "Spurious Emissions" > "List Evalua-
tion"
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Configure the contents and display of the result list.

List Evaluation [ 4 X

List Evaluation State

Show Peaks

On Off
Margin 50.0dB
On Off

Details

B bion List
Decimal Separator Point Comma

Save

List EValuation STate ........oooeeiiiiiiiiitcccece ettt 286
SROW PEAKS ..ottt e e e et e e e e e e e et e e e e ee e e e e e raaaans 286
1V =T 11 PO 286
1Y = | R 287
Peaks PEr RANGE ......iiiiiiiiiiie e 287
Save Evaluation LiSt .....c.ueeiiiiiieee e e 287

List Evaluation State
Activates or deactivates the list evaluation.

Remote command:
CALCulate<n>:ESPectrum:PEAKsearch:AUTO on page 923
TRACe<n>[:DATA] on page 1116

Show Peaks
If activated, all peaks that have been detected during an active list evaluation are
marked with blue squares in the diagram.

Remote command:
CALCulate<n>:ESPectrum:PEAKsearch:PSHow on page 924

Margin

A margin functionality is not available for the limit check. However, you can define a
margin (=threshold) for the peak values to be displayed in the evaluation list. Only
peaks that exceed the margin value are displayed (also in the diagram, if activated).
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Remote command:
CALCulate<n>:ESPectrum:PEAKsearch:MARGin on page 923

Details
Configures how detailed the list in the Result Summary is.

On Includes all detected peaks (up to a maximum defined by "Peaks per Range" ).

Off Includes only one peak per range.

Remote command:
CALCulate<n>:ESPectrum:PEAKsearch:DETails on page 936

Peaks per Range

Defines the maximum number of peaks per range that are stored in the list. Once the
selected number of peaks has been reached, the peak search is stopped in the current
range and continued in the next range. The maximum value is 50.

Remote command:
CALCulate<n>:PEAKsearch:SUBRanges on page 937

Save Evaluation List

Exports the evaluation list of the Spurious Emissions measurement to an ASCII file for
evaluation in an external application. If necessary, change the decimal separator for
evaluation in other languages.

Define the file name and storage location in the file selection dialog box that is dis-
played when you select the "Save" function.

For details, see "How to Save the Spurious Emissions Evaluation List" on page 288.

Remote command:
MMEMory : STORe<n>:LIST on page 1228
FORMat :DEXPort:DSEParator on page 1202

How to Perform a Spurious Emissions Measurement

The following step-by-step instructions demonstrate how to perform spurious emis-
sions measurements.

For remote operation, see Chapter 13.5.8.7, "Programming Example: Spurious Emis-
sions Measurement”, on page 938.

1. Press the [MEAS] key, then select the "Spurious Emissions" measurement.
2. Define the span of the signal to be monitored in the general span settings.

3. Select the "Overview" softkey, then select the "Spurious Setup" button.

The "Spurious Emissions" dialog box is displayed.
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4. Split the frequency span of the measurement into ranges for signal parts with simi-
lar characteristics.
Define the required ranges in the "Sweep List" using the "Insert before Range" and
"Insert after Range" buttons, which refer to the currently selected range.

5. Define the measurement parameters for each range as required.

6. Optionally, define a limit check.

a) Activate the limit check by setting "Limit Check" to "ABSOLUTE" . The limit
check is always activated or deactivated for all ranges simultaneously.

b) Define the limit line's start and stop values for each range of the signal. If a sig-
nal level higher than the defined limit is measured, the limit check fails, which
may indicate a spurious emission.

7. Configure the peak detection during a Spurious Emissions measurement: select

the "Evaluations" button in the "Overview" .

e To indicate the determined peaks in the display, activate the "Show Peaks"
option.

e To restrict peak detection, define a "Margin" . Only peaks that exceed this value
are detected.

e To allow for more peaks per range to be detected than the default 1, increase
the "Peaks per Range" value and set "Details" to "On" .

8. Start a sweep.

The determined powers and limit deviations for each range are indicated in the
evaluation list. If activated, the peak power levels for each range are also indicated
in the diagram.

9. To save the evaluation list, export the results to a file as described in "How to Save
the Spurious Emissions Evaluation List" on page 288.
How to Save the Spurious Emissions Evaluation List

The evaluation list from a Spurious Emissions measurement can be saved to a file,
which can be exported to another application for further analysis, for example.

1. Configure and perform a Spurious Emissions measurement as described in Chap-
ter 6.7.5, "How to Perform a Spurious Emissions Measurement", on page 287.

2. Select the "Evaluations" button in the "Overview" .

3. If necessary, change the "Decimal Separator" to "COMMA" for evaluation in other
languages.

4. Select the "Save" button.

5. In the file selection dialog box, select a storage location and file name for the result
file.
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6. Select the "Save" button.

The file with the specified name and the extension .dat is stored in the defined
storage location.

6.7.6 Reference: ASCII Export File Format (Spurious)

The file has a header containing important parameters for scaling, several data sec-
tions containing the sweep settings per range, and a data section containing the peak
list.

The header data is made up of three columns, separated by ';', with the syntax:

Parameter name; numeric value; basic unit

File contents Explanation

File header

Type;FSW-26; Model

Version;1.00; Firmware version

Date;31.Mar 11; Storage date of data set

Mode;ANALYZER; SPURIOUS; Operating mode and measurement function
Center Freq;13250000000.000000;Hz X-axis settings

Freq Offset;0.000000;Hz

Span;26499982000.000000;Hz

X-Axis;LIN;

Start;9000.000000;Hz
Stop;8000000000.000000;Hz

Level Offset;0.000000;dB Y-axis settings

Ref Position;100.000000;%

y-Axis;LOG;

Level Range;100.000000;dB

Trace settings

Trace Mode;CLR/WRITE;

Sweep Count;1;

TRACE 1:

Trace Mode;CLR/WRITE;

x-Unit;Hz;

y-Unit;dBm;

List evaluation settings

Margin;6.000000;s Peak List margin
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File contents Explanation
PeaksPerRange;25; Max. number of peaks per range to be detected
Values;3; Number of detected peaks

File data section

0;9000;150000;1000;79500;-25.006643295288086;- | Measured peak values:
12.006643295288086;PASS;

0;9000;150000;1000;101022.11126961483;-47.075
111389160156;-34.075111389160156;PASS;

0;9000;150000;1000;58380.171184022824;-47.079 . .
341888427734;-34.079341888427734;PASS; <resolution bandwidth of range>;

<frequency of peak>;

<range number>;
<start frequency>;

<stop frequency>;

<absolute power in dBm of peak>;

<distance to the limit line in dB>; (positive value
means above the limit)

<limit fail (pass = 0, fail =1)>;

6.8 Statistical Measurements (APD, CCDF)

To measure the amplitude distribution, the R&S FSW has simple measurement func-
tions to determine both the Amplitude Probability Distribution (APD) and the Comple-
mentary Cumulative Distribution Function (CCDF). Only one of the signal statistic func-
tions can be switched on at a time.

o About the MeasuremMENtS. ......cooi i 290
I Y/ o (oz= 1 I aY o] o] [Toz=1 o] o < J U 291
®  APD and CCDF RESUIES......cuuviieeiiiiiie ettt e et e e e e snrae e e e e e e e e e 291
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6.8.1 About the Measurements

The probability of amplitude values can be measured with the Amplitude Probability
Distribution function (APD). During a selectable measurement time all occurring ampli-
tude values are assigned to an amplitude range. The number of amplitude values in
the individual ranges is counted and the result is displayed as a histogram.

Alternatively, the Complementary Cumulative Distribution Function (CCDF) can be dis-
played. It shows the probability that the mean signal power amplitude will be exceeded
in percent.

Only one of the signal statistic functions can be switched on at a time. When a statistic
function is switched on, the R&S FSW is set into zero span mode automatically. The
R&S FSW measures the statistics of the signal applied to the RF input with the defined
analysis bandwidth. To avoid affecting the peak amplitudes the video bandwidth is
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automatically set to 10 times the analysis bandwidth. The sample detector is used for
detecting the video voltage.

Statistic measurements on pulsed signals can be performed using a gated trigger. For
details see Chapter 6.8.4, "APD and CCDF Basics - Gated Triggering", on page 293.

Typical Applications

Digital modulated signals are similar to white noise within the transmit channel, but are
different in their amplitude distribution. In order to transmit the modulated signal without
distortion, all amplitudes of the signal have to be transmitted linearly from the output
power amplifier. Most critical are the peak amplitude values. Degradation in transmit
quality caused by a transmitter two port network is dependent on the amplitude of the
peak values as well as on their probability.

If modulation types are used that do not have a constant envelope in zero span, the
transmitter has to handle peak amplitudes that are greater than the average power.
This includes all modulation types that involve amplitude modulation, QPSK for exam-
ple. CDMA transmission modes in particular may have power peaks that are large
compared to the average power.

For signals of this kind, the transmitter must provide large reserves for the peak power
to prevent signal compression and thus an increase of the bit error rate at the receiver.
The peak power or the crest factor of a signal is therefore an important transmitter
design criterion. The crest factor is defined as the peak power to mean power ratio or,
logarithmically, as the peak level minus the average level of the signal. To reduce
power consumption and cut costs, transmitters are not designed for the largest power
that could ever occur, but for a power that has a specified probability of being excee-
ded (e.g. 0.01 %).

The statistical functions provide information on such signal criteria.

APD and CCDF Results

Amplitude Probability Distribution (APD)

As a result of the Amplitude Probability Distribution (APD) function, the probability of
measured amplitude values is displayed. During a selectable measurement time all
measured amplitude values are assigned to an amplitude range (bin). The number of
amplitude values in the individual ranges is counted and the result is displayed as a
histogram. Each bar of the histogram represents the percentage of measured ampli-
tudes within the specific amplitude range. The x-axis represents the amplitude values
and is scaled in absolute values (dBm).

The size of each amplitude range (bin) determines the resolution of the histogram and
is indicated in the channel bar, for example / 0.10 dB. In this case, a single bar in the
histogram represents an amplitude range of 0.10 dB.
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/ 010dB ® AnBW 3 MHz
Att 14dB Meas Time 60 ms
1APD ® 15a Clrw
M1 M1[1] 0.158140600
-14.80 dBm

Spectrum 2

CF 2.414 GHz Ref 0.60 dBm

2 Result Summary Samples: 180000
Peak
Trace 1 -11.72dBm

In addition to the histogram, a result table is displayed containing the following informa-
tion:

® Number of samples used for calculation
® For each displayed trace:

— Mean amplitude

— Peak amplitude

— Crest factor
The crest factor is defined as the peak power to mean power ratio or, logarith-
mically, as the peak level minus the average level of the signal.

Complementary Cumulative Distribution Function (CCDF)

The Complementary Cumulative Distribution Function (CCDF) shows the probability
that the mean signal power amplitude will be exceeded in percent. The level above the
mean power is plotted along the x-axis of the graph. The origin of the axis corresponds
to the mean power level. The probability that a level will be exceeded is plotted along
the y-axis.

Ref Level 0.60 dBm ® AnBW 3 MHz TRGHFP
Att 14dB Meas Time 60 ms
1 CCDF ® 15a Clrw

Spectrum 3

CF 2.414 GHz Mean Pwr + 20.00 dB

2 Result Summary Samples: 180000
Mean Peak 10% 1% [REA 0.01%
Trace 1 -19.43 dBm -11.72 dBm 454 dB 7.14 dB 7.56 dB 7.66 dB

) A red line indicates the ideal Gaussian distribution for the measured amplitude range.

The displayed amplitude range is indicated as "Mean Pwr" + "<x dB>"

In addition to the histogram, a result table is displayed containing the following informa-
tion:

® Number of samples used for calculation

e
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® For each displayed trace:

Mean Mean power

Peak Peak power

Crest Crest factor (peak power — mean power)

10 % Level values over 10 % above mean power
1% Level values over 1 % above mean power
0,1 % Level values over 0,1 % above mean power
0,01 % Level values over 0,01 % above mean power

Percent marker

In addition to the results for specific percentages in the table, a percent marker can be
activated for a freely selectable percentage. This marker indicates how many level val-
ues are over <x> % above the mean power.

@

Percent marker

As all markers, the percent marker can be moved simply by selecting it with a finger or
mouse cursor and dragging it to the desired position.

6.8.4

Diagram Scaling

The scaling for both the x-axis and y-axis of the statistics diagram can be configured.
In particular, you can restrict the range of amplitudes to be evaluated and the probabili-
ties to be displayed.

Remote commands:

CALCulate<n>:STATistics:CCDF:X<t>? on page 947

CALCulate<n>:STATistics:RESult<res>? on page 948

APD and CCDF Basics - Gated Triggering
Statistic measurements on pulsed signals can be performed using a gated trigger. An
external frame trigger is required as a time (frame) reference.

The gate ranges define the part of the measured data taken into account for the statis-
tics calculation. These ranges are defined relative to a reference point T=0. The gate
interval is repeated for each period until the end of the capture buffer.

The reference point T=0 is defined by the external trigger event and the instrument's
trigger offset.

For each trace you can define up to 3 separate ranges of a single period to be traced.
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Input
Signal
t
Ext Trigger r‘
Tri:gger g Period : Feriod g Feriod
Offset
/ s

T=0 Range1 Range 2
Start Stop Start Stop

6.8.5 APD and CCDF Configuration

Configuration consists of the following settings:

® Make sure the specified reference level is higher than the measured peak value
(see " Reference Level " on page 449).

BasiC SetliNgS. . eei i 294
Gate Range Definition for APD and CCDF........ccooiiiiiiiiiieeeee e, 296
Scaling for Statistics Diagrams.........cccooiiiiiiiiiie e 298

6.8.5.1 Basic Settings

Access: "Overview" > "Select Measurement" > "APD" / "CCDF" > "APD Config" /
"CCDF Config"

|
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The remote commands required to perform these tasks are described in Chap-
ter 13.5.9, "Analyzing Statistics (APD, CCDF)", on page 940.

CCDF X

Percent Marker

Analysis Bandwidth

Number of Samples lesyiy

Gated Trigger On

Edit Gate Ranges

Adjust Settings

Both dialog boxes are identical except for the "Percent Marker" setting, which is only
available for CCDF measurements.

Percent Marker (CCDF ONIY)...uuuuiuiiiiiiieie et e e e e e e 295
ANalysis BanAWIdth .........oeeiiiiiii e 295
[N [0 ] o= o 7= T ] ] [ SRS 295
(€1 (Yo [ Iy T o 1= PSP 296
Edit Gate RANGES ..oveiiiiieiei ittt e s e e e e e e e e e s 296
o 1053 S 1= 1] e 1= U SUPRPPPP 296

Percent Marker (CCDF only)

Defines a probability value. Thus, the power which is exceeded with a given probability
can be determined very easily. If marker 1 is deactivated, it is switched on automati-
cally.

Remote command:
CALCulate<n>:MARKer<m>:Y:PERCent on page 942

Analysis Bandwidth
Defines the analysis bandwidth.

For correct measurement of the signal statistics, the analysis bandwidth has to be
wider than the signal bandwidth in order to measure the peaks of the signal amplitude
correctly. To avoid influencing the peak amplitudes, the video bandwidth is automati-
cally set to 10 MHz. The sample detector is used for detecting the video voltage.

The calculated measurement time is displayed for reference only.

Remote command:
[SENSe: ]BANDwidth[:RESolution] on page 1005

Number of Samples
Defines the number of power measurements that are taken into account for the statis-
tics.

|
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For statistics measurements with the R&S FSW, the number of samples to be mea-
sured is defined instead of the sweep time. Since only statistically independent sam-
ples contribute to statistics, the sweep or measurement time is calculated automatically
and displayed in the channel bar ( "Meas Time" ). The samples are statistically inde-
pendent if the time difference is at least 1/RBW. The measurement time is, therefore,
expressed as follows:

Meas Time = Ngampies/RBW

Remote command:
CALCulate<n>:STATistics:NSAMples on page 942

Gated Trigger

Activates and deactivates gating for statistics functions for the ACP and the CCDF
measurements. If activated, the trigger source is changed to "External Trigger 1" . The
gate ranges are defined using the Edit Gate Ranges function.

Remote command:
[SENSe: ] SWEep:EGATe: TRACe<t>[:STATe<st>] on page 944

Edit Gate Ranges
Opens a dialog box to configure up to 3 gate ranges for each trace. For details see
Chapter 6.8.5.2, "Gate Range Definition for APD and CCDF", on page 296.

Adjust Settings

Adjusts the level settings according to the measured difference between peak and min-
imum power for APD measurement or peak and mean power for CCDF measurement
in order to obtain maximum power resolution. Adjusts the reference level to the current
input signal.

Remote command:

CALCulate<n>:STATistics:SCALe:AUTO ONCE on page 945

6.8.5.2 Gate Range Definition for APD and CCDF
Access: "Overview" > "Select Measurement" > "APD" / "CCDF" > "APD Config" /
"CCDF Config" > "Edit Gate Ranges"
You can configure gate ranges for gated triggering in statistical measurements.

For background information on defining gate ranges see Chapter 6.8.4, "APD and
CCDF Basics - Gated Triggering”, on page 293.

The remote commands required to perform these tasks are described in Chap-
ter 13.5.9.3, "Using Gate Ranges for Statistical Measurements", on page 942.
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Gate Ranges

Trace 1 Trace 2 Trace 3 Trace 4 Trace 5 Trace 6

Comment

Period

Range 1 Use

Range 1 Start

Range 1 Stop

Range 2 Use

Range 2 Start

Range 2 Stop

Range 3 Use

Range 3 Start

Range 3 Stop

Up to three ranges can be defined for each of the six available traces.

COMIMENT ...ttt ettt et et ettt seeeeeeeaaaaaaaaaseeeeeeeeesesesessnsnnas 297
Y oo SRR 297
RANGE SX> USE .euuiiiiiiiiiiii ettt e e e e s te e e e e e e e e e e s s s s saate s teeeeeeaaaaeessasannnnenes 297
RaNge <X> Start/STOP ..oooe e 297
Comment

An optional comment can be defined for the gate range settings of each trace.

Remote command:
[SENSe: ] SWEep:EGATe: TRACe<t>:COMMent on page 942

Period
Length of the period to be traced. The period is the same for all traces. If you change
the period for one trace, it is automatically changed for all traces.

Make sure the defined period is not longer than the total measurement time of the cur-
rent measurement. Keep in mind that the measurement time depends on the band-
width and the number of samples (see " Number of Samples " on page 295). The cur-
rent measurement time is indicated as "Meas Time" in the channel bar.

Remote command:
[SENSe: ] SWEep:EGATe: TRACe<t>:PERiod on page 943

Range <x> Use
Activates tracing of the defined range during a gated measurement.

Remote command:
[SENSe: ] SWEep:EGATe: TRACe<t>[:STATe<st>] on page 944

Range <x> Start/Stop

Defines the start and stop points of the range within the tracing period. Make sure the
value for the stopping time is smaller than the length of the period.
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Note: You can define the time values with a greater numerical resolution than is dis-
played; the values are only rounded for display.

Remote command:
[SENSe: ] SWEep:EGATe: TRACe<t>:STARt<range> on page 943
[SENSe: ] SWEep:EGATe: TRACe<t>:STOP<range> on page 944

6.8.5.3 Scaling for Statistics Diagrams

Access: "Overview" > "Amplitude" > "Scale" tab
Or: [AMPT] > "Scale Config"
For statistics displays, scale settings are available for both the y-axis and the x-axis.

The remote commands required to perform these tasks are described in Chap-
ter 13.5.9.4, "Scaling the Diagram", on page 944.

Amplitude Scale

Range ¥ -Unit Pct

YAV 0.0 dBm Ve 1.0

Offset yeias 1.0E-06

Adjust Settings Default Settings

Figure 6-44: Scale settings for CCDF diagram

In statistical diagrams, the x-axis displays the signal level values (= y-axis in standard
display), while the y-axis displays the probability of the values.

DN 1 USROS 299
L REF LEVEI oottt 299
L RANGE <ottt ettt e ettt ettt en e e ennanaeen 299
L Shifting the Display ( OffSEt )..........ccovrrrrererereeeseeeeeeeeeereseseeee s e enenenes 299
YoAAXIS ettt ettt ettt s bt e e e b e e e s b e e e s ne e e re e e nanre e e nareas 299
L YUNIE ettt 299
L YAMEX / YAMIN et 299
Default SEEHNGS ... 299
AdJUSE SEHINGS -.eeeiiiiiiiiiie ettt e e ae e 300

|
User Manual 1173.9411.02 — 41 298



Statistical Measurements (APD, CCDF)

X-Axis
Defines the scaling settings for signal level values.

Ref Level < X-Axis

Defines the reference level for the signal levels in the currently active unit (dBm, dBuV,
etc.).

For the APD function this value corresponds to the right diagram border. For the CCDF
function there is no direct representation of this value on the diagram as the x-axis is
scaled relatively to the measured mean power.

Remote command:
CALCulate<n>:STATistics:SCALe:X:RLEVel on page 946

Range — X-Axis
Defines the level range in dB to be evaluated by the statistics measurement.

Remote command:
CALCulate<n>:STATistics:SCALe:X:RANGe on page 945

Shifting the Display ( Offset ) «— X-Axis

Defines an arithmetic level offset. This offset is added to the measured level irrespec-
tive of the selected unit. The scaling of the x-axis is changed accordingly. The setting
range is +200 dB in 0.1 dB steps.

Remote command:
DISPlay[:WINDow<n>] :TRACe<t>:Y[:SCALe] :RLEVel:OFFSet on page 1014

Y-Axis
Defines the scaling settings for the probability distribution.

Y-Unit — Y-Axis
Defines the scaling type of the y-axis as either percentage or absolute. The default
value is absolute scaling.

Remote command:
CALCulate<n>:STATistics:SCALe:Y:UNIT on page 946

Y-Max / Y-Min — Y-Axis

Defines the upper (max) and lower (min) limit of the displayed probability range. Values
on the y-axis are normalized which means that the maximum value is 1.0. The mini-
mum value must be in the range:

1E-9 < Y-Min < 0.1

The distance between "Y-Max" and "Y-Min" must be at least one decade.

Remote command:

CALCulate<n>:STATistics:SCALe:Y:UPPer on page 947
CALCulate<n>:STATistics:SCALe:Y:LOWer on page 946

Default Settings
Resets the x- and y-axis scalings to their preset values.
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X-axis ref level: -10 dBm
X-axis range APD: 100 dB
X-axis range CCDF: 20 dB
Y-axis upper limit: 1.0
Y-axis lower limit: 1E-6

Remote command:
CALCulate<n>:STATistics:PRESet on page 945

Adjust Settings

Adjusts the level settings according to the measured difference between peak and min-
imum power for APD measurement or peak and mean power for CCDF measurement
in order to obtain maximum power resolution. Adjusts the reference level to the current
input signal.

Remote command:

CALCulate<n>:STATistics:SCALe:AUTO ONCE on page 945

How to Perform an APD or CCDF Measurement

The following step-by-step instructions demonstrate how to perform basic statistic
measurements.

For remote operation, see Chapter 13.5.9.7, "Programming Example: Measuring Sta-
tistics", on page 949.

To start a basic statistic measurement

1. Press the [MEAS] key, then select the "APD" or "CCDF" measurement.

2. Start a sweep.
As soon as the defined number of samples have been measured, the statistical
evaluation is displayed.

To perform a statistic measurement using gate ranges

For pulsed signals, the transmission intervals should not be included in the statistical
evaluation. Thus, you must define gate ranges to be included in the measurement.

1. Press the [MEAS Config] key, then select the "APD Config" or "CCDF Config" soft-
key.

The "APD" "APD" or "CCDF" dialog box is displayed.
2. Select the "Edit Gate Ranges" button.

3. Define the time period for which the input signal is to be analyzed, for example the
duration of 3 signal pulses.
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4. For each active trace, define up to three ranges within the time period to be mea-
sured. In the example covering 3 pulses, you could define one range for each
pulse.

a) Assuming the external trigger determines T=0 as the start of the first pulse,
define the start time of range 1 at 0 s.

b) Define the stop time of range 1 at the duration of the first pulse.

c) Activate range 1 by setting "Range 1 Use" to On.

d) Define the start time of range 2 as (duration of pulse 1 + duration of interval)

e) Define the stop time of range 2 as (start time of range 2 + duration of pulse 2)

f) Activate range 2 by setting "Range 2 Use" to On.

g) Define the third range in the same way.

5. Start a sweep.

As soon as the defined number of samples have been measured, the statistical
evaluation is displayed. Only the signal levels within the pulse periods are consid-
ered.

6.8.7 Examples

6.8.7.1 Configuration Example: Gated Statistics

A statistics evaluation has to be done over the useful part of the signal between t3 and
t4. The period of the GSM signal is 4.61536 ms.

Ext I—‘

Trigger-
t1 2 13 1415

t1: External positive trigger slope

t2: Begin of burst (after 25 ps)

t3: Begin of useful part, to be used for statistics (after 40 ps)

t4: End of useful part, to be used for statistics (after 578 us)
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t5: End of burst (after 602 ps)

The instrument has to be configured as follows:

Trigger Offset t2-t1=25ps now the gate ranges are relative to t2
Range1 Start t3-t2=15ps start of range 1 relative to t2
Range1 End t4 —t2 =553 ps end of range 1 relative to t2

6.8.7.2 Measurement Example — Measuring the APD and CCDF of White Noise Gener-
ated by the R&S FSW

Setting the analysis bandwidth

0 When the amplitude distribution is measured, the analysis bandwidth must be set so
that the complete spectrum of the signal to be measured falls within the bandwidth.
This is the only way of ensuring that all the amplitudes will pass through the IF filter
without being distorted. If the selected bandwidth is too small for a digitally modulated
signal, the amplitude distribution at the output of the IF filter becomes a Gaussian dis-
tribution according to the central limit theorem and thus corresponds to a white noise
signal. The true amplitude distribution of the signal therefore cannot be determined.

A programming example demonstrating a statistics measurement in a remote environ-
ment is provided in Chapter 13.5.9.7, "Programming Example: Measuring Statistics",
on page 949.

1. Preset the R&S FSW.

2. Set the reference level to -60 dBm.

The R&S FSW's intrinsic noise is displayed at the top of the screen.

3. Select the "APD" measurement function from the "Select Measurement" dialog
box.

The R&S FSW sets the frequency span to 0 Hz and measures the amplitude prob-
ability distribution (APD). The number of uncorrelated level measurements used for
the measurement is 100000. The mean power and the peak power are displayed in
dBm. The crest factor (peak power — mean power) is output as well.



R&S®FSW Measurements and Results
|

/ 0.10dB ® AnBW 3 MHz
Att  0dB Meas Time 333 ms
1APD ® 15a Clrw

Spectrum

CF 1.5 GHz Ref -60.00 dBm
2 Result Summary Samples: 100000
Mean

Peak
Trace 1 -86.75 dBm -75.90 dBm

Figure 6-45: Amplitude probability distribution of white noise

4. Now select the "CCDF" measurement function from the "Select Measurement" dia-
log box.

Ref Level -60.00 dBm ® AnBW 3 MHz
Att 0dB Meas Time 33.3 ms
1 CCDF ® 15a Clrw

Spectrum

CF 1.5 GHz Mean Pwr +20.00 dB

2 Result Summary Samples: 100000
Mean Peak 10% 1% 0.1% 0.01%
Trace 1 -86.75 dBm -75.99 dBm 10.76 dB 3.68 dB 6.68 dB 8.48 dB 9.74 dB

Figure 6-46: CCDF of white noise

s
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The CCDF trace indicates the probability that a level will exceed the mean power.
The level above the mean power is plotted along the x-axis of the graph. The origin
of the axis corresponds to the mean power level. The probability that a level will be
exceeded is plotted along the y-axis.

6.8.8 Optimizing and Troubleshooting the Measurement

If the results do not meet your expectations, try the following methods to optimize the
measurement:

® Make sure the defined bandwidth is wide enough for the signal bandwidth of the
device under test to be fully analyzed (see " Analysis Bandwidth " on page 295).

® |f the complete signal is be measured, increase the number of samples so that the
resulting measurement time is longer than one period of a bursted signal.

® |[f only parts of the signal are to be examined, define a trigger source and a gate.

6.9 Time Domain Power Measurement

The Time Domain Power measurement determines the power of a signal in the time
domain.

A time domain power measurement is only possible for zero span.

o About the Measurement.... ... 304
o Time Domain PoOWer RESUILS.......ccccuuiiiiiiiiiiei e 304
e Time Domain Power Basics - Range Definition Using Limit Lines................cc...... 305
e Time Domain Power Configuration.........oocueeiiiiiiiiiniieee e 306
e How to Measure Powers in the Time Domain...........cooecccciiiiiiiieie e 307
e Measurement EXample........cccuuiiiiiiiiiieei et 308

6.9.1 About the Measurement

Using the Time Domain Power measurement function, the R&S FSW determines the
power of the signal in zero span by summing up the power at the individual measure-
ment points and dividing the result by the number of measurement points. Thus it is
possible to measure the power of TDMA signals during transmission, for example, or
during the muting phase. Both the mean power and the RMS power can be measured.

For this measurement, the sample detector is activated.

6.9.2 Time Domain Power Results

Several different power results can be determined simultaneously:
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Mode Description

Peak Peak value from the points of the displayed trace or a segment
thereof.

RMS RMS value from the points of the displayed trace or a segment
thereof.

Mean Mean value from the points of the displayed trace or a segment
thereof. The linear mean value of the equivalent voltages is calcula-
ted.

For example to measure the mean power during a GSM burst

Std Dev The standard deviation of the measurement points from the mean
value.

The result is displayed in the marker results, indicated by "Power" and the selected
power mode, e.g. "RMS" . The measured values are updated after each sweep or
averaged over a user-defined number of sweeps (trace averaging).

Multiview Spectrum

Ref Level 0.00 dEm = RBW 1
Att 10dB = SWT 640 s VBW 1
TRG:IFP

1 Time Domain Power

1084-pts 64.0 ps/

Stimulus Response i Function Result
591.6 ps -102.34 dBm -11.02 dBm
-12.89 dBm
-13.03 dBm
1.62 dB

The results can also be queried using the remote commands described in Chap-
ter 13.5.10, "Measuring the Time Domain Power", on page 950.

6.9.3 Time Domain Power Basics - Range Definition Using Limit Lines

The range of the measured signal to be evaluated for the power measurement can be
restricted using limit lines. The left and right limit lines (S1, S2) define the evaluation
range and are indicated by vertical red lines in the diagram. If activated, the power
results are only calculated from the levels within the limit lines.

For example, if both the on and off phase of a burst signal are displayed, the measure-
ment range can be limited to the transmission or to the muting phase. The ratio
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between signal and noise power of a TDMA signal for instance can be measured by
using a measurement as a reference value and then varying the measurement range.

In order to get stable measurement results for a limited evaluation range, usually a trig-
ger is required.

6.9.4 Time Domain Power Configuration

Access: "Overview" > "Select Measurement" > "Time Domain Power" > "Time Dom
Power Config"

Time Domain Power " X

Mean
Std Dev
Limits
State
Left

Right

The remote commands required to perform these tasks are described in Chap-
ter 13.5.10, "Measuring the Time Domain Power", on page 950.

(ST UL 307
[0 RS =) (T 307
Left Limit / Right Limit ... e e e 307
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Time Domain Power Measurement

Results
Activates the power results to be evaluated from the displayed trace or a limited area
of the trace.

"Peak” Peak power over several measurements (uses trace averaging, Max
Hold)

"RMS" RMS value from the points of the displayed trace or a segment
thereof.

"Mean" Mean value from the points of the displayed trace or a segment
thereof. The linear mean value of the equivalent voltages is calcula-
ted.

"Std Dev" The standard deviation of the measurement points from the mean
value.

The measurement of the mean power is automatically switched on at
the same time.

Remote command:
CALCulate<n>:MARKer<m>:FUNCtion:SUMMary:PPEak[:STATe] on page 953
CALCulate<n>:MARKer<m>:FUNCtion:SUMMary:PPEak:RESult? on page 956
CALCulate<n>:MARKer<m>:FUNCtion:SUMMary:RMS[:STATe] on page 953
CALCulate<n>:MARKer<m>:FUNCtion:SUMMary:RMS:RESult? on page 957
CALCulate<n>:MARKer<m>:FUNCtion:SUMMary:MEAN[:STATe] on page 952
CALCulate<n>:MARKer<m>:FUNCtion:SUMMary:MEAN:RESult? on page 955

Limit State
Switches the limitation of the evaluation range on or off. Default setting is off.

If deactivated, the entire sweep time is evaluated. If switched on, the evaluation range
is defined by the left and right limit. If only one limit is set, it corresponds to the left limit
and the right limit is defined by the stop frequency. If the second limit is also set, it
defines the right limit.

Remote command:
CALCulate<n>:MARKer<m>:X:SLIMits[:STATe] on page 1132

Left Limit / Right Limit
Defines a power level limit for line S1 (left) or S2 (right).

Remote command:
CALCulate<n>:MARKer<m>:X:SLIMits:LEFT on page 1132
CALCulate<n>:MARKer<m>:X:SLIMits:RIGHt on page 1133

How to Measure Powers in the Time Domain

The step-by-step procedure to measure powers in the time domain is described here in
detail.

@

For remote operation, see Chapter 13.5.10.4, "Programming Example: Time Domain
Power", on page 959.
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To measure the power in the time domain
1. Select the [MEAS] key.

2. From the "Select Measurement" dialog box, select the "Time Domain Power" mea-
surement function.

3. Select the type of power measurement results to be determined by selecting the
corresponding softkeys.

4. To restrict the power evaluation range, define limits:

a) Select the "Time Dom Power Config" softkey to display the "Time Domain
Power" configuration dialog box.

b) Switch on the limits by setting the "Limit State" to "On" .
The limit lines S1 and S2 are displayed.

c) Define the left limit (limit line S1), the right limit (S2), or both.

5. Start a sweep.

The measured powers are displayed in the marker results.

6.9.6 Measurement Example

This measurement example demonstrates the time domain power calculation for a
GSM burst.

Test setup:

Signal | Signal
Genarator Analyzer

Signal generator settings (e.g. R&S SMW):

Frequency: 1.8 GHz
Level: -10 dBm
Modulation: GSM/EDGE
Procedure:

1. Preset the R&S FSW.

2. Set the center frequency to 1.8 GHz.
3. Setthe RBW to 100 kHz.

4. Set the sweep time to 640 ys.

5

Set the trigger source to "IF Power" .
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6. Define a trigger offset of -50 us.

7. Select the "Time Domain Power" measurement function from the "Select Measure-
ment" dialog box.

8. In the Time Domain Power configuration dialog box, set all four results to "On" .
9. Set the "Limit State" to "On" .

10. Define the left limit at 326 us and the right limit at 538 us.
This range corresponds to the useful part of the GSM burst.

The mean power of the useful part of the GSM burst is calculated to be -13 dBm.

Multiview  Spectrum
Ref Level 0.00 n = RBW 100 kHz
Att 10dB = SWT 640 ps  VBW 100 kHz
TRG:IFP
1 Time Domain Power

CF 1.8 GHz 1001 pts

2 Marker Table
Type ~ Ref " Trc Stimulus Response i Function Result
M1 1 591.6 ps -102.34 dBm 1D -11.02 dBm
o -12.89 dBm
-13.03 dBm
1.62 dB

6.10 Harmonic Distortion Measurement

The "Harmonic Distortion" measurement measures harmonics and their distortion,
including the total harmonic distortion.

o  ADbOUt the MEASUIEMENT........ciiiieeeee e e e e 309
o  Harmonic Distortion BaSiCS........uciiiiuiiiiii et 310
o Harmonic Distortion RESUIES.......cooeiiiiiiiie e 312
e Harmonic Distortion Configuration..............uucicciiiiiii e 313
e How to Determine the Harmonic Distortion...........ccooevieiiieeiiiiiiiiceee e, 315

6.10.1 About the Measurement
With this measurement it is possible to measure the harmonics easily, for example
from a VCO. In addition, the total harmonic distortion (THD) is calculated.

For measurements in the frequency domain, the Harmonic Distortion measurement
starts with an automatic search for the first harmonic (= peak) within the set frequency
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range. The center frequency is set to this frequency and the reference level is adjusted
accordingly.

For measurements in zero span, the center frequency remains unchanged.

The Harmonic Distortion measurement then performs zero span sweeps at the center
frequency and at each harmonic, i.e. at frequencies that are a multiple of the center
frequency.

As a result, the zero span sweeps on all harmonics are shown, as well as the RMS
values and the total harmonic distortion (THD).

An application note discussing harmonics measurement is available from the Rohde &
Schwarz website:

1EF78: Measurement of Harmonics using Spectrum Analyzers

6.10.2 Harmonic Distortion Basics

Measuring the harmonics of a signal is a frequent problem which can be solved best
using a signal analyzer. In general, every signal contains harmonics. Harmonics are
generated by nonlinear characteristics, which add frequencies to a pure sinewave.
They can often be reduced by low pass filters. Since the signal analyzer itself has a
nonlinear characteristic, for example in its first mixer, measures must be taken to
ensure that harmonics produced in the signal analyzer do not cause spurious results. If
necessary, the fundamental wave must be attenuated selectively with respect to the
other harmonics with a high pass filter. Harmonics are particularly critical regarding
high-power transmitters such as transceivers because large harmonics can interfere
with other radio services.

Harmonic distortion can be determined as the level of the individual components, or as
the root mean square of all components together, the total harmonic distortion (THD).
The THD is set in relation to the power of the fundamental frequency (= center fre-
quency).

Obtainable dynamic range

When harmonics are being measured, the obtainable dynamic range depends on the
second harmonic intercept of the signal analyzer. The second harmonic intercept is the
virtual input level at the RF input mixer at which the level of the 2nd harmonic becomes
equal to the level of the fundamental wave. In practice, however, applying a level of
this magnitude would damage the mixer. Nevertheless the available dynamic range for
measuring the harmonic distance of a DUT can be calculated relatively easily using the
second harmonic intercept.

As shown in Figure 6-47, the level of the 2"d harmonic drops by 20 dB if the level of the
fundamental wave is reduced by 10 dB.


http://www.rohde-schwarz.com/appnote/1EF78
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Figure 6-47: Extrapolation of the 1st and 2nd harmonics to the 2nd harmonic intercept at 40 dBm

The following formula for the obtainable harmonic distortion d, in dB is derived from the
straight-line equations and the given intercept point:

dy=S.H.I-P, (1)

where:
d, = harmonic distortion
S.H.I. = second harmonic intercept
P, = mixer level/dBm

6 The mixer level is the RF level applied to the RF input minus the set RF attenuation.

The formula for the internally generated level P, at the 2" harmonic in dBm is:
P;=2*P,-S.HI (2)

The lower measurement limit for the harmonic is the noise floor of the signal analyzer.
The harmonic of the measured DUT should — if sufficiently averaged by means of a
video filter — be at least 4 dB above the noise floor so that the measurement error due
to the input noise is less than 1 dB.

Rules for measuring high harmonic ratios

The following rules for measuring high harmonic ratios can be derived:

® Select the smallest possible IF bandwidth for a minimal noise floor.
® Select an RF attenuation which is high enough to measure the harmonic ratio only.
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The maximum harmonic distortion is obtained if the level of the harmonic equals the
intrinsic noise level of the receiver. The level applied to the mixer, according to (2), is:

P

i

{dBm+ IP2
2

P =

!

At a resolution bandwidth of 10 Hz (noise level -143 dBm, S.H.l. = 40 dBm), the opti-
mum mixer level is — 51.5 dBm. According to (1) a maximum measurable harmonic dis-
tortion of 91.5 dB minus a minimum S/N ratio of 4 dB is obtained.

Detecting the origin of harmonics

If the harmonic emerges from noise sufficiently (approx. >15 dB), it is easy to check (by
changing the RF attenuation) whether the harmonics originate from the DUT or are
generated internally by the signal analyzer. If a harmonic originates from the DUT, its
level remains constant if the RF attenuation is increased by 10 dB. Only the displayed
noise is increased by 10 dB due to the additional attenuation. If the harmonic is exclu-
sively generated by the signal analyzer, the level of the harmonic is reduced by 20 dB
or is lost in noise. If both — the DUT and the signal analyzer — contribute to the har-
monic, the reduction in the harmonic level is correspondingly smaller.

6.10.3

High-sensitivity harmonics measurements

If harmonics have very small levels, the resolution bandwidth required to measure
them must be reduced considerably. The sweep time is, therefore, also increased con-
siderably. In this case, the measurement of individual harmonics is carried out with the
R&S FSW set to a small span. Only the frequency range around the harmonics will
then be measured with a small resolution bandwidth.

Required measurement time

During the harmonics measurement, zero span sweeps are performed at the center
frequency and at each harmonic. The duration of each sweep ( "Harmonic Sweep
Time" , SWT) and the "Number of Harmonics" (n) are defined in the "Harmonic Distor-
tion" configuration dialog box. Thus, the required measurement time for the harmonic
distortion measurement (Cumulated Measurement Time, CMT) is:

CMT =n*SWT

The required measurement time is indicated as "CMT" in the channel bar.

Harmonic Distortion Results

As a result of the harmonics distortion measurement, the zero span sweeps of all
detected harmonics are shown in the diagram, separated by red display lines. This pro-
vides a very good overview of the measurement.
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In addition, a result table is displayed providing the following information:

® First harmonic frequency
® THD (total harmonic distortion), relative and absolute values
® For each detected harmonic:

— Frequency

- RBW

— Power

Remote commands
The results can also be queried using remote commands.

The first harmonic frequency can be read out via the general center frequency com-
mand [SENSe: ] FREQuency:CENTer on page 999.

THD: cALCulate<n>:MARKer<m>:FUNCtion:HARMonics:DISTortion?
on page 962

List of harmonics: CALCulate<n>:MARKer<m>:FUNCtion:HARMonics:LIST
on page 963
6.10.4 Harmonic Distortion Configuration

Access: "Overview" > "Select Measurement" > "Harmonic Distortion" > "Harmonic Dis-
tortion Config"
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Harmonic Distortion

Number of Harmonics

Harmonic Sweep Time

Harmonic RBW Auto on

Adjust Settings

The remote commands required to perform these tasks are described in Chap-
ter 13.5.11, "Measuring the Harmonic Distortion", on page 960.

NUmber of HarmORNICS .......uciiiiiiiice et e e e e e e eab e e e e eees 314
HarmoniC SWEEP TIME ..ot e e e e e e e e e aaaaaaeees 314
Harmonic RBW AULO .....eeeeeeeeeeec ettt et e e e e e e e e ee s 314
AJUST SEEHINGS .. 314

Number of Harmonics
Defines the number of harmonics to be measured. The range is from 1 to 26. Default is
10.

Remote command:
CALCulate<n>:MARKer<m>:FUNCtion:HARMonics:NHARmonics on page 961

Harmonic Sweep Time

Defines the sweep time for the zero span measurement on each harmonic frequency.
This setting is identical to the normal sweep time for zero span, see also " Sweep Time
"on page 465.

Remote command:
[SENSe: ] SWEep: TIME:AUTO on page 1011

Harmonic RBW Auto
Enables/disables the automatic adjustment of the resolution bandwidth for Normal
(3dB) (Gaussian) and 5-Pole filter types.

The automatic adjustment is carried out according to:
"RBW, = RBW, * n"
If RBW,, is not available, the next higher value is used.

Remote command:
CALCulate<n>:MARKer<m>:FUNCtion:HARMonics :BANDwidth:AUTO

on page 961

Adjust Settings

If harmonic measurement was performed in the frequency domain, a new peak search
is started in the frequency range that was set before starting the harmonic measure-
ment. The center frequency is set to this frequency and the reference level is adjusted
accordingly.

|
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If harmonic measurement was performed in the time domain, this function adjusts the
reference level only.

Remote command:
CALCulate<n>:MARKer<m>:FUNCtion:HARMonics:PRESet on page 961

6.10.5 How to Determine the Harmonic Distortion

In Chapter 8.3.6, "Measurement Example: Measuring Harmonics Using Marker Func-

@ tions", on page 552, measuring harmonics was described using marker functions. This
task can be performed much simpler using the Harmonic Distortion measurement, as
described in the following procedure.

For remote operation, see Chapter 13.5.11.5, "Example: Measuring the Harmonic Dis-
tortion", on page 963.

1. Select the "Harmonic Distortion" measurement function from the "Select Measure-
ment" dialog box.

2. Define the number of harmonics to be determined using the "Number of Harmon-
ics" softkey.

3. Perform a sweep.

The trace for the determined harmonics are displayed in the diagram, separated by
red display lines. The measured power for each harmonic in relation to the funda-
mental is indicated in the result table.

4. If the signal changes significantly during or after the harmonics measurement, use
the "Adjust Settings" function to adjust the settings automatically and restart the
measurement.

6.11 Third Order Intercept (TOl) Measurement

The third order intercept point of the R&S FSW can be determined if a two-tone signal
with equal carrier levels is applied to the input.

CALCulate<n>:MARKer<m>:FUNCtion:TOI:RESult? on page 965

o About the TOI MeasuremMent...........cuiii i 316
LI O 7= T T PRSI 316
O TOI RESUIS.....eeiiiie ittt et e e st e e e s s nbee e e e eenneeneeeennnees 320
L I O] I @] 1To U] =1 1T ] PSP 321
e How to Determine the Third Order Intercept.........oooooueiiiiiiiiiii e, 322
e Measurement Example — Measuring the R&S FSW's Intrinsic Intermodulation... 322
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6.11.1 About the TOI Measurement

If several signals are applied to a transmission two-port device with nonlinear charac-
teristic, intermodulation products appear at its output at the sums and differences of
the signals. The nonlinear characteristic produces harmonics of the useful signals
which intermodulate at the characteristic. The intermodulation products of lower order
have a special effect since their level is largest and they are near the useful signals.
The intermodulation product of third order causes the highest interference. It is the
intermodulation product generated from one of the useful signals and the 2nd harmonic
of the second useful signal in case of two-tone modulation.

In order to measure the third order intercept point (TOI), a two-tone signal with equal
carrier levels is expected at the R&S FSW input. Marker 1 and marker 2 (both normal
markers) are set to the maximum of the two signals. Marker 3 and marker 4 are placed
on the intermodulation products.

The R&S FSW calculates the third order intercept point from the level difference
between the first 2 markers and the markers 3 and 4 and displays it in the marker
table.

6.11.2 TOI Basics

If several signals are applied to a transmission two-port device with nonlinear charac-
teristic, intermodulation products appear at its output at the sums and differences of
the signals. The nonlinear characteristic produces harmonics of the useful signals
which intermodulate at the characteristic.

The frequencies of the intermodulation products are above and below the useful sig-
nals. The Figure 6-48 shows intermodulation products Pg4 and Pg, generated by the
two useful signals Py, and Py,.



Third Order Intercept (TOIl) Measurement
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Figure 6-48: Intermodulation products Ps1 and Ps2
The intermodulation product at f;, is generated by mixing the 2nd harmonic of useful
signal Py, and signal Py;.

Tthe intermodulation product at f;; is generated by mixing the 2nd harmonic of useful
signal Py, and signal Py,.

fir =2 xf, —f (1)
fip =2 xfp —f41 (2)

Dependency on level of useful signals

The level of the intermodulation products depends on the level of the useful signals. If
the two useful signals are increased by 1 dB, the level of the intermodulation products
increases by 3 dB, which means that the spacing ap; between intermodulation signals

and useful signals is reduced by 2 dB. This is illustrated in Figure 6-49.



Third Order Intercept (TOIl) Measurement

Output
level

Intercept

y point

r
Compression #

Intermodulation
product

Useful signal

-
/ Input level

Figure 6-49: Dependency of intermodulation products on level of useful signals

The useful signals at the two-port output increase proportionally with the input level as
long as the two-port is in the linear range. A level change of 1 dB at the input causes a
level change of 1 dB at the output. Beyond a certain input level, the two-port goes into
compression and the output level stops increasing. The intermodulation products of the
third order increase three times as quickly as the useful signals. The intercept point is
the fictitious level where the two lines intersect. It cannot be measured directly since
the useful level is previously limited by the maximum two-port output power.

Calculation method

However, the intercept point can be calculated from the known line slopes and the
measured spacing ap; at a given level according to the following formula:

pP3=43 4 p
2

The third order intercept point (TOI), for example, is calculated for an intermodulation
of 60 dB and an input level Py of -20 dBm according to the following formula:

IP3 = 6—20 +(—20dBm) =10dBm
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Intermodulation-free dynamic range

The "Intermodulation-free dynamic range", i.e. the level range in which no internal
intermodulation products are generated if two-tone signals are measured, is deter-
mined by the third order intercept point, the phase noise and the thermal noise of the
signal analyzer. At high signal levels, the range is determined by intermodulation prod-
ucts. At low signal levels, intermodulation products disappear below the noise floor, i.e.
the noise floor and the phase noise of the signal analyzer determine the range. The
noise floor and the phase noise depend on the resolution bandwidth that has been
selected. At the smallest resolution bandwidth, the noise floor and phase noise are at a
minimum and so the maximum range is obtained. However, a large increase in sweep
time is required for small resolution bandwidths. It is therefore best to select the largest
resolution bandwidth possible to obtain the range that is required. Since phase noise
decreases as the carrier-offset increases, its influence decreases with increasing fre-
quency offset from the useful signals.

The following diagrams illustrate the intermodulation-free dynamic range as a function
of the selected bandwidth and of the level at the input mixer (= signal level — set RF
attenuation) at different useful signal offsets.

Distortion free Dynamic Range

Dyn range / {1 MHz carrier offset)
dB
-40
T-ED
[~ =
60 = RUB 1 iz /’,;’gl
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Figure 6-50: Intermodulation-free range as a function of level at the input mixer and the set resolution
bandwidth

(Useful signal offset = 1 MHz, DANL = -145 dBm/Hz, TOI = 15 dBm; typical values at 2
GHz)

The optimum mixer level, i.e. the level at which the intermodulation distance is at its
maximum, depends on the bandwidth. At a resolution bandwidth of 10 Hz, it is approx.
-35 dBm and at 1 kHz increases to approx. -30 dBm.

Phase noise has a considerable influence on the intermodulation-free range at carrier
offsets between 10 and 100 kHz ( see Figure 6-51). At greater bandwidths, the influ-
ence of the phase noise is greater than it would be with small bandwidths. The opti-
mum mixer level at the bandwidths under consideration becomes almost independent
of bandwidth and is approx. -40 dBm.
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Distortion free Dynamic Range
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Figure 6-51: Intermodulation-free dynamic range as a function of level at the input mixer and of the
selected resolution bandwidth

(Useful signal offset = 10 to 100 kHz, DANL = -145 dBm/Hz, TOI = 15 dBm; typical val-
ues at 2 GHz).

If the intermodulation products of a DUT with a very high dynamic range are to be

6 measured and the resolution bandwidth to be used is therefore very small, it is best to
measure the levels of the useful signals and those of the intermodulation products sep-
arately using a small span. The measurement time will be reduced, in particular if the
offset of the useful signals is large. To find signals reliably when frequency span is
small, it is best to synchronize the signal sources and the R&S FSW.

6.11.3 TOI Results

As a result of the TOl measurement, the following values are displayed in the marker
area of the diagram:

Label Description

TOI Third-order intercept point

M1 Maximum of first useful signal
M2 Maximum of second useful signal
M3 First intermodulation product

M4 Second intermodulation product
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Stimulus Response Function Function Result
2.199001 GHz -3.97 dBm
2.200999 GHz -3.96 dBm TOI 25.617 dBm
2.197003 GHz -64.67 dBm
2.202997 GHz -62.00 dBm

Remote command

The TOI can also be queried using the remote command CATL.Culate<n>:
MARKer<m>:FUNCtion:TOTI:RESult? on page 965.

6.11.4 TOI Configuration

Access: "Overview" > "Select Measurement" > "Third Order Intercept" > "TOI Config"

Third Order Intercept ‘ X

Marker 1 [12.634 GHz

WET A 5,281 GHz

WE e 2.034 GHz

Marker 4 REASPEEE gV

Search Signals

The remote commands required to perform these tasks are described in Chap-
ter 13.5.12, "Measuring the Third Order Intercept Point", on page 964.

Marker 1/ Marker 2 / Marker 3/ Marker 4 ... e e e 321
S T= Y= Lo a TS o F= | S 322

Marker 1 / Marker 2 / Marker 3 / Marker 4
Indicates the detected characteristic values as determined by the TOl measurement
(see Chapter 6.11.3, "TOI Results", on page 320).
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The marker positions can be edited; the TOl is then recalculated according to the new
marker values.

To reset all marker positions automatically, use the Search Signals function.

Remote command:

CALCulate<n>:MARKer<m>:X on page 1129
CALCulate<n>:DELTamarker<m>:X on page 1127
CALCulate<n>:DELTamarker<m>:X:RELative? on page 1141

Search Signals
Performs a new search on the input signals and recalculates the TOI according to the
measured values.

Remote command:
CALCulate<n>:MARKer<m>:FUNCtion:TOI:SEARchsignal ONCE on page 964

6.11.5 How to Determine the Third Order Intercept

@ The precise TOI for the R&S FSW in relation to the input signals is provided in the data
sheet.

For remote operation, see Chapter 13.5.12.2, "Programming Example: Measuring the
TOI", on page 965.

1. Apply a two-tone signal with equal carrier levels to the R&S FSW input.
2. On the R&S FSW, press the [MEAS] key.

3. Select the "Third Order Intercept" measurement function from the "Select Measure-
ment" dialog box.

The calculated TOl is indicated in the marker information. The markers required for
calculation are displayed in the marker table.

4. If the signal changes significantly during or after the TOlI measurement, use the
"Search Signals" function to start a new signal search automatically and restart the
calculation of the TOI.

6.11.6 Measurement Example — Measuring the R&S FSW's Intrinsic Inter-
modulation

A programming example demonstrating a TOl measurement in a remote environment
is provided in Chapter 13.5.12.2, "Programming Example: Measuring the TOI",
on page 965.
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Test setup:
Signal
Generator 1 l
Coupler Spectrum
[- &6 dB] Analyzer
Signal T
Generator 2
Signal generator settings (e.g. R&S SMW):
Device Level Frequency
Signal generator 1 -4 dBm 799.6 MHz
Signal generator 2 -4 dBm 800.4 MHz

Setting up the measurement

1. Preset the R&S FSW.

2. Set the center frequency to 800 MHz and the frequency span to 3 MHz.
3. Set the reference level to -10 dBm and RF attenuation to 0 dB.
4

Set the resolution bandwidth to 710 kHz.
The noise is reduced, the trace is smoothed further and the intermodulation prod-
ucts can be seen clearly.

5. Setthe VBW to 1 kHz.

Measuring intermodulation using the Third Order Intercept (TOl) measurement
function

1. Press the [MEAS] key and select the "Third Order Intercept" measurement function
from the "Select Measurement" dialog box.

The R&S FSW activates four markers to measure the intermodulation distance.
Two markers are positioned on the useful signals and two on the intermodulation
products. The TOl is calculated from the level difference between the useful signals
and the intermodulation products. It is then displayed on the screen:
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2 Marker Table
Type Ref Tre Stimulus Response Function Function Result
1 799.6004 MHz -11.15 dBm
800.3996 MHz -10.87 dBm TOL 25.3632 dBm
798.8012 MHz -81.23 dBm
801.1988 MHz -90.48 dBm

The third order intercept (TOI) is displayed in the marker information.

2. The level of a signal analyzer's intrinsic intermodulation products depends on the
RF level of the useful signals at the input mixer. When the RF attenuation is added,
the mixer level is reduced and the intermodulation distance is increased. With an
additional RF attenuation of 10 dB, the levels of the intermodulation products are
reduced by 20 dB. The noise level is, however, increased by 10 dB.

Increase the RF attenuation to 20 dB to reduce intermodulation products.

The R&S FSW's intrinsic intermodulation products disappear below the noise floor.

Multiview  Spectrum Attenuation

Ref Level - = RBW 10 kHz x
= Att SWT 419us ® VBW 1 kHz Mode Auto FFT
1701 * 1AP Clrw

U AL T

CF 800,0 MHz 1001 pts 300.0 kHz / Span 3.0 MHz

Stimulus Response Function Function Result
799.6004 MHz -11.20 dBm
800.3996 MHz -10.92 dBm TOI 22.682 dBm
798.8012 MHz -77.68 dBm
801.1988 MHz -79.58 dBm
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6.12 AM Modulation Depth Measurement

This measurement determines the AM modulation depth of an AM-modulated carrier.

o  About the MeasuremMeNnt........oo e 325
e AM Modulation Depth ReSUIES.......cooiiiiieee e 325
e AM Modulation Depth Configuration.............ccccoviiiiiiireee e 326
e Optimizing and Troubleshooting the Measurement.............cccccovivveeeeeeeeeeececcccnnns 327
e How to Determine the AM Modulation Depth............ccooiiiiirrr, 328

6.12.1 About the Measurement

The AM modulation depth, also known as a modulation index, indicates how much the
modulated signal varies around the carrier amplitude. It is defined as:

Mpeptn = Peak signal amplitude / unmodulated carrier amplitude

So for Mpepin = 0.5, for example, the carrier amplitude varies by 50% above and below
its unmodulated level, and for Mpgy, = 1.0 it varies by 100%.

When this measurement is activated, marker 1 is set to the peak level, which is consid-
ered to be the carrier level. Delta markers 2 and 3 are automatically set symmetrically
to the carrier on the adjacent peak values of the trace. The markers can be adjusted
manually, if necessary.

The R&S FSW calculates the power at the marker positions from the measured levels.
The AM modulation depth is calculated as the ratio between the power values at the
reference marker and at the delta markers. If the powers of the two AM side bands are
unequal, the mean value of the two power values is used for AM modulation depth cal-
culation.

6.12.2 AM Modulation Depth Results

As a result of the AM Modulation Depth measurement, the following values are dis-
played in the marker area of the diagram:

Label Description

MDepth AM modulation depth in percent

M1 Maximum of the signal (= carrier level)

D2 Offset of next peak to the right of the carrier
D3 Offset of the next peak to the left of the carrier
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1 AM Mod Depth

1001 pis 100,0 kHz/ © Span 1,0 MHz

Stmulus Response Function Function Result
225.0 MHz -4.29 dBm
279.7 kHz -10.51 dB Mbapt! 59.718 %o
-279.7 kHz -10.49 dB

Remote command:

The AM modulation depth can also be queried using the remote command
CALCulate<n>:MARKer<m>:FUNCtion:MDEPth:RESult<t>? on page 967.

6.12.3 AM Modulation Depth Configuration

Access: "Overview" > "Select Measurement" > "AM Modulation Depth" > "AM Mod
Depth Config"

AM Modulation Depth ‘ X
Marker 1

(GE e 5.281 GHz

(GG el 0.0 Hz

Search Signals

The remote commands required to perform these tasks are described in Chap-
ter 13.5.13, "Measuring the AM Modulation Depth", on page 966.

Marker 1/ Marker 2 / IMarker 3 ...ttt e e e et e e e e et e eaas 326
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Marker 1 / Marker 2 /| Marker 3
Indicates the detected characteristic values as determined by the AM Modulation
Depth measurement:
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Marker Description

M1 Maximum of the signal (= carrier level)

D2 Offset of next peak to the right of the carrier
D3 Offset of the next peak to the left of the carrier

The marker positions can be edited; the modulation depth is then recalculated accord-
ing to the new marker values.

To reset all marker positions automatically, use the Search Signals function.

Note: Moving the marker positions manually. When the position of delta marker 2 is
changed, delta marker 3 is moved symmetrically with respect to the reference marker
1.

Delta marker 3, on the other hand, can be moved for fine adjustment independently of
marker 2.

Marker 1 can also be moved manually for re-adjustment without affecting the position
of the delta markers.

Remote command:

CALCulate<n>:MARKer<m>:X on page 1129
CALCulate<n>:DELTamarker<m>:X on page 1127
CALCulate<n>:DELTamarker<m>:X:RELative? on page 1141

Search Signals
Performs a new search on the input signal and recalculates the AM Modulation Depth
according to the measured values.

Remote command:
CALCulate<n>:MARKer<m>:FUNCtion:MDEPth:SEARchsignal ONCE
on page 966

6.12.4 Optimizing and Troubleshooting the Measurement

If the results do not meet your expectations, try the following methods to optimize the
measurement:

® Set the center frequency to the frequency of the device under test.

® Adjust the span so the peaks to the left and right of the carrier, produced by the AM
modulated signal, are clearly visible.
If the span is too wide, these signals may fall together with the carrier and the mea-
surement can not be performed.
If the span is too narrow, theses signals are outside of the measured span and the
delta markers can not find these peaks.
The rule of thumb is to set the span to three times the value of the AM modulation
frequency.
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6.12.5 How to Determine the AM Modulation Depth

The following step-by-step instructions demonstrate how to determine the AM modula-
tion depth.

For remote operation, see Chapter 13.5.13.2, "Example: Measuring the AM Modulation
Depth", on page 967.

1. Apply a modulated carrier signal to the R&S FSW input.
2. On the R&S FSW, press the [MEAS] key.

3. Select the "AM Modulation Depth" measurement function from the "Select Mea-
surement" dialog box.

The calculated AM Modulation Depth is indicated in the marker information. The
markers required for calculation are displayed in the marker table.

4. If the signal changes significantly during or after the AM Modulation Depth mea-
surement, use the "Search Signals" function to start a new peak search automati-
cally and restart the calculation of the AM Modulation Depth.

6.13 Electromagnetic Interference (EMI) Measurement

The optional electromagnetic interference (EMI) measurement (R&S FSW-K54) is suit-
able for measurements according to commercial and military electromagnetic compati-
bility (EMC) standards. The functionality of the measurement is particularly useful in
research and development.

The EMI measurement features:

® EMI marker functionality

® Marker demodulation

® Measurement bandwidths and detectors for EMI measurements
® | ogarithmic scaling of the frequency axis

e Additional predefined limit lines for EMC standards

® Predefined transducer factors

® Additional amplitude units, normalized to 1 MHz

® LISN control

o About the EMI MEasuremMeENnt..........occuuiiiiiiiiiiiie ittt e s saeeee e 329
o EMI Measurement RESUIS........couviiiiiiiiiicciicie e 329
o EMI Measurement BasiCs...........ooiiiiiiiiiiiiiiiicccieie e e e e e e eee e e 330
o EMI Measurement Configuration............coooueiiiiiiiiii e 339
@  EMI RESUIL ANAIYSIS....uiiieiiiiiiie ettt e e e ettt e e e 347
o How to Perform EMI Measurements. ........coouuieiiiiiiiiiie e 347
e Measurement Example: Measuring Radio Frequency Interference...................... 350
e Optimizing and Troubleshooting EMI Measurements.........cccccccceeeveccinvrieeeeeeeeennn. 352
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6.13.1 About the EMI Measurement

EMI measurements can be very time-consuming, especially if weighting detectors are
required for the measurement. In addition, EMC testing often requires various proce-
dures to locate local EMI maxima. Such procedures are, for example, movements of
an absorbing clamp, variations in the height of the test antenna or the rotation of the
DUT.

Covering all test setups with one of the (slow) EMI weighting detectors over the
required frequency range would lead to very high measurement times.

Splitting the measurement procedure into several stages, however, can eliminate this
problem.

The first stage, or peak search, is used to get a rough idea about the location of peak
levels that may indicate interference over the required frequency range. You can use a
detector that allows for a fast sweep time, e.g. the peak detector.

During the second stage, or final test, the R&S FSW performs the actual EMC test, a
refined measurement with detectors designed for and required by EMC standards. To
keep measurement times brief, the R&S FSW performs a final measurement only on
frequencies you have marked with a marker or delta marker. You can assign a different
detector to every marker and thus test a particular frequency easily for compliance.

Optionally, you can activate continuous demodulation of the signal during the initial
measurement and at the peak marker positions during the final test.

After the final measurement, you can check the signal levels against specified limits.

6.13.2 EMI Measurement Results

As the result of an R&S FSW EMI measurement, the measured signal levels and
active markers are displayed in a Spectrum diagram.

M5[1] -75. B
21.192060 GHz

| | \ \/\ : e iomoso e
qmﬂw{ﬁ\w/ﬁxm/fh \w/\\mﬂfv

CF 13.17275583 GHz 32001 pts . ) 2.63 GHz/ Span 26.345511659 GHz
2 Result Summary
Type Ref Trace X-value Y-value ina Line Name ALimit Final Result
M1 1 13.19705 GHz -25.87 dBm --- -25.87 dBm
1 9.27897 GHz -47.77 dBm === -47.77 dBm
1 17.22103 GHz -47.86 dBm --- -47.86 dBm
1 5.255 GHz -75.28 dBm --- -75.28 dBm
3 1 21.19206 GHz -75.49 dBm erag --- -75.49 dBm
3 Marker Table
Type Ref Trc X-Value ¥Y-Value Function Function Result
1 13.19705 GHz -25.87 dBm
1 9.27897 GHz -47.77 dBm
1 17.22103 GHz -47.86 dBm
1 5.255 GHz -75.28 dBm
1 21.19206 GHz -75.49 dBm

Figure 6-52: EMI measurement results

User Manual 1173.9411.02 — 41 329



6.13.3
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Initial peak search results - Marker Table

As a result of the initial peak search, the active markers are set to the positive peaks of
the measured signal.

If Auto peak search and limit lines are active, the active markers are set to the peak
delta values between the measured signal and the limit lines.

The active marker levels and positions are displayed in the Marker Table.

(Note: the marker results are also displayed in the Result Summary; in addition, the
Marker Table contains the marker results for those markers for which no final EMI test
is performed.)

Final test results - Result Summary

The results of the final EMI tests at the active marker frequencies are displayed in the
Result Summary.

The Result Summary provides the following information:

Label Description

Type Marker name

Ref Reference marker for delta markers

Trace Assigned trace

X-value Marker x-value (frequency for final test)

Y-value Marker y-value (level during inital measurement)
Final Test Detector used for final EMI test

Line name Line activated for limit check

A Limit Delta between measured level and limit line (if active)

The value is colored to indicate the following states:
® green: does not exceed limit

e yellow: within margin

® red: exceeds limit

Final Result | Value measured during final EMI test using specified detector at marker frequency

EMI Measurement Basics

Some background knowledge on basic terms and principles used in EMI measure-
ments is provided here for a better understanding of the required configuration set-

tings.

e Resolution Bandwidth and Filter TYypPes.......ccou i 331
o Detectors and DWell TIMe.......cooiiiiiiiiieieer e e 331
e Frequency Resolution - Sweep Points and Scaling...........ccccccviiiviieeieeee e ececcins 335
o Controlling V-Networks (LISN)........coeiiiiiiiieieiiiie e 336
o Using TransSAUCEr FACLOrS.......uciiiiiiiieiieieeee e 336
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o |nitial Measurement - Peak S arCh.........cooouuiiiiii it 337
e Final Measurement at the Marker PoSition...........ccooiuiiiieei e 338
N I [0 11 0O T<To] L TR 338

Resolution Bandwidth and Filter Types

EMI testing requires resolution filters with a 6 dB bandwidth. The R&S FSW EMI mea-
surement adds the following bandwidths that comply to commercial and military stand-
ards to those already available with the base unit:

Commercial (CISPR, FFC etc.)

e 200Hz
® OkHz
® 120 kHz

® 1 MHz (not with Quasipeak detector, see "Quasipeak detector (CISPR filter only)"
on page 332)

Military (MIL Std)

® 10Hz

e 100 Hz
e 1kHz

e 10 kHz
e 100 kHz
e 1MHz

For the Quasipeak, CISPR Average, or Average RMS detector, the bandwidth is fixed
depending on the frequency. For more information see Chapter 6.13.3.2, "Detectors
and Dwell Time", on page 331.

Detectors and Dwell Time

The EMI measurement adds new detectors to those already available with the base
unit. The additional detectors are especially designed for and required by EMI applica-
tions.

The additional detectors are available only if the EMI (R&S FSW-K54) measurement
option is installed and the filter type "CISPR" or "MIL" is selected (see Chap-

ter 6.13.3.1, "Resolution Bandwidth and Filter Types", on page 331). However, the EMI
measurement need not be active.

The detector to be used for the initial peak search is configured in the trace settings
(see Chapter 8.5.1.2, "Trace Settings", on page 578), while the detector for the final
test is configured in the EMI marker settings, see Chapter 6.13.4.1, "EMI Marker Con-
figuration", on page 339.

Dwell time

EMC tests often require a specific dwell time for an EMI measurement. The dwell time
defines how long the R&S FSW measures the signal at the individual frequencies.
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Each detector needs a different period of time to fully charge and discharge; the indi-
vidual requirements on the dwell time are described for each detector. For details on
defining the dwell time for an R&S FSW EMI measurement see "Defining a Dwell Time
for the Final Measurement" on page 338.

Positive and negative peak detector

The maximum and minimum peak detectors display the maximum and minimum signal
level that was detected during the specified dwell time.

The minimum and maximum peak detectors are already available with the base unit.

Consider the following when defining the dwell time:
® Unmodulated signals: minimum time required by the detector
® Pulsed signals: the time must be long enough to capture at least one complete

pulse
Average detector

The average detector displays the average signal level of the samples that were collec-
ted during the specified dwell time.

The average detector is already available with the base unit.

Consider the following when defining the dwell time:
® Unmodulated signals: minimum time required by the detector

® Pulsed signals: the time must be long enough to capture several complete pulses
(at least 10)

® The time is determined by the lowest modulation frequency to be averaged

RMS detector

The RMS detector displays the root mean square (RMS) value over the specified dwell
time. The integration time is the specified dwell time.

The RMS detector is already available with the base unit.

The same considerations apply to the dwell time as for the average detector.

Sample detector
The sample detector displays the last value from the samples allocated to a pixel.

The sample detector is used for noise or phase noise marker calculation. However, it is
unreliable if the displayed span is much greater then the resolution bandwidth or if the
tuning steps of the local oscillator are too large. The sample detector is not recommen-
ded for EMI tests.

Quasipeak detector (CISPR filter only)

The quasipeak detector displays the maximum signal level weighted to CISPR 16-1-1
that was detected during the dwell time.

The quasipeak detector is only available for the CISPR filter, and not for an RBW of
1 MHz.

|
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The filter bandwidth and time parameters of the detector depend on the measured fre-
quency. The time lag of the simulated pointer instrument reflects the weighting factor of
the signal depending on its form, modulation, etc.

Table 6-17: Required parameters depending on frequency for CISPR quasipeak detector

Band A Band B Band C/D
Frequency range <150 kHz 150 kHz to 30 MHz > 30 MHz
Resolution bandwidth 200 Hz 9 kHz 120 kHz
Charge time 45 ms 1ms 1ms
Discharge time 500 ms 160 ms 550 ms
Time lag of the simulated | 160 ms 160 ms 100 ms
pointer instrument

Consider the following when defining the dwell time:

® Unknown signals: select a dwell time of at least 1 second to ensure that pulses
down to a frequency of 5 Hz are weighted correctly

® Known signals: shorter dwell time possible, as the signal level does not change
during the final measurement

When you change the frequency or the attenuation, the R&S FSW waits until the low-
pass filter has settled before starting the measurement.

CISPR Average detector (CISPR filter only)

The CISPR Average detector displays a weighted average signal level according to
CISPR 16-1-1.

The average value according to CISPR 16-1-1 is the maximum value detected while
calculating the linear average value during the specified dwell time.

The CISPR Average detector is only available for the CISPR filter.

The CISPR Average detector is applied to measure pulsed sinusoidal signals with a
low pulse frequency, for example. It is calibrated with the RMS value of an unmodula-
ted sinusoidal signal. The average value is determined by lowpass filters of the 2nd
order (simulating a mechanical pointer instrument).

The filter bandwidth and time lag of the detector depend on the measured frequency.
The time lag of the simulated pointer instrument reflects the weighting factor of the sig-
nal depending on its form, modulation, etc.

Table 6-18: Required parameters depending on frequency for CISPR Average detector

Band A Band B Band C/D Band E
Frequency range <150 kHz 150 kHz to 30 MHz | 30 MHz to 1 GHz >1 GHz
IF bandwidth 200 Hz 9 kHz 120 kHz 1 MHz
Time lag of the 160 ms 160 ms 100 ms 100 ms
simulated pointer
instrument
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Consider the following when defining the dwell time:

® Unknown signals: select a dwell time of at least 1 second to ensure that pulses
down to a frequency of 5 Hz are weighted correctly

® Pulsed signals or signals that fluctuate slowly: the dwell time must cover at
least the time until the first signal peak is measured; can require long dwell time

e unmodulated signals or signals with a high modulation frequency: the dwell
time must cover at least the time until the first signal peak is measured; usually
shorter than for pulsed signals

When you change the frequency or the attenuation, the R&S FSW waits until the low-
pass filter has settled before starting the measurement. In this case, the measurement
time depends on the resolution bandwidth and the characteristics of the signal.

RMS Average detector (CISPR filter only)

The RMS Average detector is a combination of the RMS detector (for pulse repetition
frequencies above a corner frequency) and the Average detector (for pulse repetition
frequencies below the corner frequency). It thus achieves a pulse response curve with
the following characteristics:

® 10 dB/decade above the corner frequency

® 20 dB/decade below the corner frequency

The average value is determined by lowpass filters of the 2nd order (simulation of a
mechanical pointer instrument).

The RMS Average detector is only available for the CISPR filter.

The detector is used, for example, to measure broadband emissions and may replace
the quasipeak detector in the future.

The detector parameters depend on the measured frequency. The time lag of the simu-
lated pointer instrument reflects the weighting factor of the signal depending on its
form, modulation, etc.

Table 6-19: Required parameters depending on frequency for RMS Average detector

Band A Band B Band C/D Band E
Frequency range <150 kHz 150 kHz to 30 MHz | 30 MHz to 1 GHz >1 GHz
IF bandwidth 200 Hz 9 kHz 120 kHz 1 MHz
Time lag of simula- | 160 ms 160 ms 100 ms 100 ms
ted pointer instru-
ment
Corner frequency 10 Hz 100 Hz 100 Hz 1 kHz

The same considerations apply to the dwell time as for the CISPR average detector.
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6.13.3.3 Frequency Resolution - Sweep Points and Scaling

The number of sweep points defines the number of measurement values collected dur-
ing one sweep. Thus, increasing the sweep points also increases the accuracy of the
results regarding the frequency resolution.

Because EMI measurements often cover a large frequency range you should define an
adequate number of sweep points, especially when performing the measurement on a
logarithmic axis. As on a linear axis, the distance from one sweep point to the next is
calculated graphically on a logarithmic axis, and is not based on the frequency itself.
Thus, the frequency resolution between two sweep points deteriorates with higher fre-

quencies.
Il ] | | | 1 | | | 1 (| L L L1
1 |[ |I 1 | I ] | | L L
Insufficient sweep points - Resoldtion fiter bandwidth Resolution fiter bandwidth
Fitter may miss a signal COVErs ONE SWeep point covers several sweep points

The resolution bandwidth should cover at least one sweep point (more is better). If this
condition is not met, signals or interferences could be missed during refined measure-
ment of narrowband interferers. If the distance between two sweep points is larger than
RBW/3, a warning is displayed in the status bar ( "Increase Sweep Points" ).

Example:
Linear axis:

I I I I R I A S I R I

L 1 1 1 1 1 1 1 1 1
1MHz 10MHz

With a linear axis, the distance between the sweep points is equal, e.g. 200 kHz.
Logarithmic axis:

R R R R R R R R R R R R E R R R R E R R R R R R
1 i 1 ' L L L 1

L ]
1Hz 1MHz 1GHz

With a logarithmic axis, the distance between sweep points is variable. In the spectrum
from 10 Hz to 100 Hz, the distance is a few Hz. Between 100 MHz and 1 GHz, the dis-
tance is several MHz.

The R&S FSW EMI measurement supports a maximum of 200001 sweep points.

This number is based on typical bands measured with a single resolution bandwidth.
There are sufficient sweep points to make sure that a signal is found during the refined
measurement, even when covering 30 MHz to 1 GHz with logarithmic scaling and

120 kHz RBW.
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6.13.3.4 Controlling V-Networks (LISN)

For measurements on power lines, the R&S FSW EMI measurement adds functionality
to control a line impedance stabilization network (LISN) directly. Thus you can deter-
mine the interference caused by power supplies and cables.
You can connect the LISN to the user port of the R&S FSW. Control cables for the vari-
ous LISNs are available as accessories. The R&S FSW then controls which phase of
the LISN is to be tested and outputs the information to the user port.
The R&S FSW EMI measurement supports several V-networks. For each type of net-
work, you can define the phase you want to test for interferences. The R&S FSW EMI
measurement allows you to test one phase at a time.

Table 6-20: Supported networks and phases

Network type Phases

Two-line V-networks

ESH3-Z5 N, L1

ENV216 N, L1

Four-line V-networks

ESH2-Z5 N, L1.L2, L3

ENV4200 N, L1.L2, L3

For the ENV216 network, a 150 kHz high pass filter is available to protect the input of
the R&S FSW.

6.13.3.5 Using Transducer Factors

The R&S FSW EMI measurement provides functionality to include transducer factors in
the test setup. Transducers are devices like antennas, probes or current probes that
are connected to the R&S FSW to measure interferences or useful signals. The trans-
ducer converts the measured value such as field strength, current or RFI voltage into a
voltage across 50 Q. During the measurement, the transducer is considered a part of
the instrument.

A transducer usually has a frequency-dependent transducer factor that includes the
frequency response of the corresponding device. During level measurement, the trans-
ducer factor automatically converts the results into the correct unit and magnitude. A
transducer factor consists of a maximum of 1001 reference values. Each reference
value includes frequency, unit and level.

The R&S FSW EMI measurement adds several predefined transducer factors. In addi-
tion you can also create new and edit existing transducer factors.

For more information see Chapter 11.3.1, "Basics on Transducer Factors",
on page 671.
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6.13.3.6

Initial Measurement - Peak Search

The purpose of an initial peak search is to find signals with a high interference level
quickly. Usually the peak search is performed with a fast detector like the peak or aver-
age detector. The initial peak search is the basis for a possible refined measurement of
interferences with the detectors specific to EMI measurements.

The results of the initial peak search are shown in the Marker Table (see Chap-
ter 6.13.2, "EMI Measurement Results", on page 329).

Peak searches can be performed automatically or manually.

Automatic peak search

If enabled, the automatic peak search starts as soon as you select the EMI measure-
ment and one or more markers are active. During automatic peak search, the

R&S FSW looks for the strongest peaks in the frequency range you are measuring and
positions a marker on those peaks after each sweep. If a limit line is assigned to the
trace, the peak search is based on the level difference between the trace and the limit
line. For each active marker a peak is searched. You can use up to 16 markers simul-
taneously.

The largest peak is always assigned to the active marker with the lowest number; sub-
sequent peaks are assigned to the active markers in ascending order.

The R&S FSW allows you to distribute markers among several traces. If you do so, the
marker with the lowest number assigned to a particular trace is positioned on the larg-
est peak of the corresponding trace.

Manual peak search

If automatic peak search is off, you can set the markers to any frequency you need
more information about manually. You can change the marker position with the rotary
knob or the cursor keys, or position it to a particular frequency with the number keys.

Setting markers is the same as setting markers in other Spectrum measurements. For
more information see Chapter 8.3, "Marker Usage", on page 512.

Searching for peaks over several traces

You can search for peaks on six traces simultaneously with a different weighting detec-
tor for each trace.

In this case, the R&S FSW searches for peaks on all traces separately, provided that
you have assigned at least one marker to each trace.

A typical selection for EMI measurement is to use the peak and the average detector.
After initial measurement, search for peaks on the peak trace and the average trace
separately so that the distribution of narrowband and wideband sources of interference
can be taken into account.

|
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6.13.3.7

6.13.3.8

Example:

® |n the initial measurement, determine the peak on one trace using the average
detector by assigning a marker to that trace. For the marker frequency, perform a
refined measurement using the CISPR or RMS average detector.

® |n the initial measurement, determine the peak on another trace using the peak
detector by assigning another marker to that trace. For this marker frequency, per-
form a refined measurement using the quasipeak detector.

Final Measurement at the Marker Position

Finding peaks with the help of an initial marker peak search reduces data to be evalu-
ated and thus measurement time. A final measurement with a special EMI detector can
then refine the intial results.

The R&S FSW EMI measurement performs the final measurement automatically as
soon as a detector for the final test is defined for an EMI marker and the marker is acti-
vated. The final measurement starts immediately after the marker has been set. The
advantage of an immediate final measurement is that it eliminates the risk of measure-
ment errors based on frequency drifts of the disturbance signal.

The final measurement at the marker frequency may have a different detector than
during the initial peak search. Thus, the final measurement consumes much less time
because detectors with a long measurement time are needed only at the critical fre-
quency.

The R&S FSW EMI measurement also allows you to use multiple detectors for the final
measurement. The advantage of multiple detection is that you only need one test run
to see if the results comply with the limits specified in a standard. The detectors for the
final EMI tests are defined in the marker configuration (as opposed to the trace detec-
tor which is used for the initial peak search).

The results of the final measurement are shown in the Result Summary (see Chap-
ter 6.13.2, "EMI Measurement Results", on page 329).

Defining a Dwell Time for the Final Measurement

EMC tests often require a specific dwell time for an EMI measurement. The dwell time
defines how long the R&S FSW measures the signal at the frequencies of the marker
positions. The dwell time is identical for all EMI final measurements and is thus defined
in the EMI measurement configuration. Select a dwell time according to the character-
istics of the measured signal. See also Chapter 6.13.3.2, "Detectors and Dwell Time",
on page 331.

Limit Checks

General limit line functionality is provided by the R&S FSW base unit. The base unit
also provides various predefined limit lines that you can use for various applications.
The R&S FSW EMI measurement adds further predefined limit lines designed in com-
pliance with several EMC standards.

|
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When using limit lines in combination with EMI measurements, the marker levels from
the initial measurement are compared to the limit line values. The result of the limit line
check is displayed in the diagram as usual.

In the EMI Result Summary, the limit check is based on the results of the final test.
Since the marker may be determined using a different detector than the final test
results, the two limit check results may differ. The difference between the limit line and
the measured value is colored to indicate the following states:

® green: does not exceed limit
® yellow: within margin
® red: exceeds limit

For more information on using limit lines see Chapter 8.4.2.1, "Basics on Limit Lines",
on page 556.

6.13.4 EMI Measurement Configuration

Access: "Overview" > "Select Measurement" > "EMI" > "EMI Config"
On the R&S FSW, EMI measurement configuration consists of the following settings.
In addition, some common settings are also relevant for EMI measurements:

® Chapter 11.3.2, "Transducer Settings", on page 673
® " Reference Level " on page 449
® Chapter 8.4.2.2, "Limit Line Settings and Functions", on page 560

o EMI Marker Configuration............cceviieiiciiiie e e 339
EMI Final Measurement Configuration.............occveeeiiiiiieeii e 343
LISN CoNtrol SEtliNGS. ... cceiiiiiiieeee ettt e s e e 346

6.13.4.1 EMI Marker Configuration

Access: [MKR] > "Marker Config"

The initial peak search for the R&S FSW EMI measurement is defined by the marker
configuration.
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Markers Marker Settings Search

Ref Link to

Marker Marker Trace Final Test

Selected State X-Value

Marker 1 On Off PAXCYeRF] = Off 1 Off

Deltal On Off

6-11

Delta2 | On Off e rae vy Norm Delta | 1

Delta3 On Off EeAdctye v NormDelta 1

Delta4  On Off

Deltas  On Off

All Markers Off

ST (=Tt (= To I 1Y/ =T = U 340
Y = T T S = (R 340
Marker POSITION X-VAIUE ........coeeeiiiieeeee et e e e e ean s 340
=T =T 1Y o= YRR 341
RETEIENCE MATKET .....cceeeeeeeeeeeeee et e e e e et e e e e e e eabe e e e e eeaaaan 341
LinKing t0 ANOTher MArKer .......uuuueciiiei i e e e e e e e e e e e e e e e eeeeeees 341
Assigning the Marker t0 @ Trace ........occuuiiiiiiiiieie et 341
g =TI E Y A D= (Y1 (o 342
ST (=Tt ALY F= T = 342

Selected Marker
Marker name. The marker which is currently selected for editing is highlighted orange.

Remote command:
Marker selected via suffix <m> in remote commands.

Marker State
Activates or deactivates the marker in the diagram.

Remote command:
CALCulate<n>:MARKer<m>[:STATe] on page 1128
CALCulate<n>:DELTamarker<m>[:STATe] on page 1126

Marker Position X-value

Defines the position (x-value) of the marker in the diagram. For normal markers, the
absolute position is indicated. For delta markers, the position relative to the reference
marker is provided.

Remote command:
CALCulate<n>:MARKer<m>:X on page 1129
CALCulate<n>:DELTamarker<m>:X on page 1127
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Marker Type
Toggles the marker type.

The type for marker 1 is always "Normal" , the type for delta marker 1 is always
"Delta" . These types cannot be changed.

Note: If normal marker 1 is the active marker, switching the "Mkr Type" activates an
additional delta marker 1. For any other marker, switching the marker type does not
activate an additional marker, it only switches the type of the selected marker.

"Normal" A normal marker indicates the absolute value at the defined position
in the diagram.

"Delta" A delta marker defines the value of the marker relative to the speci-
fied reference marker (marker 1 by default).

Remote command:
CALCulate<n>:MARKer<m>[:STATe] on page 1128
CALCulate<n>:DELTamarker<m>[:STATe] on page 1126

Reference Marker
Defines a marker as the reference marker which is used to determine relative analysis
results (delta marker values).

If the reference marker is deactivated, the delta marker referring to it is also deactiva-
ted.

If a fixed reference point is configured (see "Defining a Fixed Reference”
on page 520), the reference point ( "FXD" ) can also be selected instead of another
marker.

Remote command:
CALCulate<n>:DELTamarker<m>:MREFerence on page 1126

Linking to Another Marker

Links the current marker to the marker selected from the list of active markers. If the x-
axis value of the initial marker is changed, the linked marker follows to the same posi-
tion on the x-axis. Linking is off by default.

Using this function you can set two markers on different traces to measure the differ-
ence (e.g. between a max hold trace and a min hold trace or between a measurement
and a reference trace).

Remote command:

CALCulate<n>:MARKer<ms>:LINK:TO:MARKer<md> on page 1128
CALCulate<n>:DELTamarker<ms>:LINK:TO:MARKer<md> on page 1125
CALCulate<n>:DELTamarker<m>:LINK on page 1124

Assigning the Marker to a Trace

The "Trace" setting assigns the selected marker to an active trace. The trace deter-
mines which value the marker shows at the marker position. If the marker was previ-
ously assigned to a different trace, the marker remains on the previous frequency or
time, but indicates the value of the new trace.

If a trace is turned off, the assigned markers and marker functions are also deactiva-
ted.
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Remote command:
CALCulate<n>:MARKer<m>:TRACe on page 1128

Final Test Detector
Defines the detector to be used for the final EMI test at the marker frequency.

This setting is only available if the EMI (R&S FSW-K54) measurement option is instal-
led.

For details, see Chapter 6.13.3.2, "Detectors and Dwell Time", on page 331.

Note: The trace detector configured in the trace settings is used for the initial peak
search only, see Chapter 8.5.1.2, "Trace Settings", on page 578.

"Off" No final test is performed.

"PositivePeak" Determines the maximum signal level that was detected during the
specified dwell time.

"Average" Determines the average signal level of the samples that were collec-
ted during the specified dwell time.

"Quasi-Peak"  Determines the maximum signal level weighted to CISPR 16-1-1 that
was detected during the dwell time.
The "Quasi-Peak" detector is only available for the CISPR filter, and
not for an RBW of 1 MHz.

"CISPR Aver-  Determines a weighted average signal level according to CISPR
age" 16-1-1.
The average value according to CISPR 16-1-1 is the maximum value
detected while calculating the linear average value during the speci-
fied dwell time.
The "CISPR Average" detector is only available for the CISPR filter.

"RMS Aver- A combination of the RMS detector (for pulse repetition frequencies
age" above a corner frequency) and the Average detector (for pulse repeti-
tion frequencies below the corner frequency).
Lowpass filters of the second order determine the average value
(simulation of a mechanical pointer instrument).
The "RMS Average" detector is only available for the CISPR filter.

Remote command:
CALCulate<n>:MARKer<m>:FUNCtion:FMEasurement:DETector on page 970
CALCulate<n>:DELTamarker<m>:FUNCtion:FMEasurement:DETector

on page 969

Select Marker
The "Select Marker" function opens a dialog box to select and activate or deactivate
one or more markers quickly.
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Select Marker

Selected State Selected State Selected State

Marker 1 On Delta 6 On Delta 12 On

Delta 1 On Delta 7 On Delta 13 On

Delta 2 On Delta 8 Delta 14 On

Delta 3 On Delta 9 Delta 15

Delta 4 On Delta 10 Delta 16

Delta 5 On Delta 11

Remote command:
CALCulate<n>:MARKer<m>[:STATe] on page 1128
CALCulate<n>:DELTamarker<m>[:STATe] on page 1126

6.13.4.2 EMI Final Measurement Configuration

The final EMI measurement can be performed with different settings than the initial
peak search. These settings are described here.

9 X

EMI LISN

TN 3

Filter Type Normal(3dB)

Auto Peak Search

Dwell Time

Freqgu

Axis

|
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quency, thus the detector is configured in the EMI marker settings, see " Final Test

6 The detector to be used for the final EMI test can be defined differently for each fre-
Detector " on page 342.

1LY Y7 1= T UREURRR 344
L= SRR 344
AUtoMALiC PEaAK SEAICH ....c..eiiiiii it 345
[ Y= | T = PSSR 345
Frequency AXIS SCalING ....oocuueiiii et 345
RES BW CISPR ...ttt ettt ettt e ae e e et e e e enee e e emteeeaneeeeannee s 345
RES BW MIL ...ttt sttt et e e st e e s s b e e e e sanreeeean 345
Filter Type

Defines the filter type.
The following filter types are available:

Normal (3dB)

Channel

RRC

5-Pole (not available for sweep type "FFT" )

CISPR (6 dB) - requires EMI (R&S FSW-K54) option
MIL Std (6 dB) - requires EMI (R&S FSW-K54) option

For more information see Chapter 7.5.1.6, "Which Data May Pass: Filter Types",
on page 460.

Note: The EMI-specific filter types are available if the EMI (R&S FSW-K54) measure-
ment option is installed, even if EMI measurement is not active. For details see Chap-
ter 6.13.3.1, "Resolution Bandwidth and Filter Types", on page 331.

The RBW filter configured in the bandwidth settings is identical to the filter configured
in the EMI configuration.

Remote command:
[SENSe: ]BANDwidth[:RESolution] : TYPE on page 1006

RBW
Defines the resolution bandwidth. The available resolution bandwidths are specified in
the data sheet. Numeric input is always rounded to the nearest possible bandwidth.

If "Auto" is selected, the resolution bandwidth is coupled to the selected span (for span
> 0). If the span is changed, the resolution bandwidth is automatically adjusted.

If the resolution bandwidth is defined manually, a green bullet is displayed next to the
"RBW" display in the channel bar.

For more information see Chapter 7.5.1.1, "Separating Signals by Selecting an Appro-
priate Resolution Bandwidth", on page 457.

For measurements on I/Q data in the frequency domain, the maximum RBW is 1 MHz.

For EMI measurements using the quasipeak detector, the 1 MHz RBW filter is not
available (see Chapter 6.13.3.1, "Resolution Bandwidth and Filter Types",
on page 331).
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Remote command:
[SENSe: ]BANDwidth[:RESolution] on page 1005
[SENSe: ]BANDwidth[:RESolution] : AUTO on page 1005

Automatic Peak Search
If activated, a peak search is performed automatically for all active markers after each
sweep.

If Auto peak search and limit lines are active, the active markers are set to the peak
delta values between the measured signal and the limit lines.

Note: The general search functions Auto Max Peak Search / Auto Min Peak Search
are not available for EMI measurements.

Remote command:
CALCulate<n>:MARKer<m>:FUNCtion:FMEasurement : PEAKsearch:AUTO
on page 970

Dwell Time
Sets the dwell time for the EMI marker measurement.

For more information see Chapter 6.13.3.2, "Detectors and Dwell Time", on page 331.

Remote command:
CALCulate<n>:MARKer<m>:FUNCtion:FMEasurement:DWELL on page 971

Frequency Axis Scaling
Switches between linear and logarithmic scaling for the frequency axis.

By default, the frequency axis has linear scaling. Logarithmic scaling of the frequency
axis, however, is common for measurements over large frequency ranges as it enhan-
ces the resolution of the lower frequencies. On the other hand, high frequencies get
more crowded and become harder to distinguish.

For more information see Chapter 7.3.1.3, "Coping with Large Frequency Ranges -
Logarithmic Scaling”, on page 439.

Remote command:
DISPlay[:WINDow<n>] [:SUBWindow<w>] :TRACe<t>:X:SPACing on page 999

Res BW CISPR

Defines the measurement bandwidth for commercial EMC standards according to
CISPR.

For more information see Chapter 6.13.3.1, "Resolution Bandwidth and Filter Types",
on page 331.

Remote command:

Filter type:

[SENSe: ]BANDwidth[:RESolution] : TYPE on page 1006
Filter bandwidth:

[SENSe: ]BANDwidth[:RESolution] on page 1005

Res BW MIL
Defines the measurement bandwidth for military EMC standards.
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For more information see Chapter 6.13.3.1, "Resolution Bandwidth and Filter Types",
on page 331.

Remote command:

Filter type:

[SENSe: ]BANDwidth[:RESolution] : TYPE on page 1006
Filter bandwidth:

[SENSe: ]BANDwidth[:RESolution] on page 1005

LISN Control Settings

Access: [MEAS CONFIG] > "LISN Config"

For measurements with power lines, the following settings are available for the
R&S FSW to control which phase of the LISN is to be tested (e.g. for EMI measure-
ments). LISN control requires the EMI measurement (R&S FSW-K54) option.

EMI LISN
LIS

Off

ENV216

ENV4200

ESH2-75

ESH3-25

For more information see Chapter 6.13.3.4, "Controlling V-Networks (LISN)",
on page 336.

S N Y/ o1 SRR 346
[ = 1T 347
L0 I A e | g 0 T= TSP 347
LISN Type

Selects the network type and activates output to the network via the user port of the
R&S FSW. The network type determines the supported phases (see Table 6-20).

"Off" disables LISN control and output.

Remote command:
INPut<ip>:LISN[:TYPE] on page 973

|
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Phase
Selects the phase to be measured. Phase N and L1 are included in all four LISN.
Phase L2 and L3 are only included in four-line networks.

You can select one phase only for each measurement.

Remote command:
INPut<ip>:LISN:PHASe on page 972

150 kHz Highpass
Enables or disables the use of an additional 150 kHz highpass filter to protect the
R&S FSW LISN from excessive input.

The filter is available for the ENV 216 network only.

Remote command:
INPut<ip>:LISN:FILTer:HPASs[:STATe] on page 971

EMI Result Analysis
The R&S FSW EMI measurement provides functionality to analyze the results.

Marker Demodulation

The R&S FSW is able to demodulate AM and FM signals for acoustic tests and moni-
toring purposes. When the demodulator function is active, the R&S FSW EMI mea-
surement demodulates the signal continuously (regardless of the "Continuous Demod-
ulation" setting in the marker function configuration). The demodulation begins as soon
as a marker is activated. During the initial measurement, demodulation is performed for
the entire measurement span; during the final measurement only the detected peak
marker positions are demodulated (for the defined dwell time). You can listen to the
results during the measurement with headphones or with the internal speaker.

For more information see Chapter 8.3.4.7, "Demodulating Marker Values and Providing
Audio Output (Marker Demodulation)”, on page 542.
Limit Lines

General limit line functionality is provided by the R&S FSW base unit. The base unit
also provides various predefined limit lines that you can use for various applications.
The R&S FSW EMI measurement adds further predefined limit lines designed in com-
pliance with several EMC standards.

Limit line configuration is described in Chapter 8.4.2.2, "Limit Line Settings and Func-
tions", on page 560.
How to Perform EMI Measurements

The following step-by-step instructions demonstrate how to perform an EMI measure-
ment with the R&S FSW EMI measurement option.
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ment", on page 976.

@ For remote operation, see Chapter 13.5.14.8, "Programming Example: EMI Measure-

10.

11.

Press the [MODE] key on the front panel and select the "Spectrum" application.

Define the frequency range of the EMI measurement.

a) Press the [FREQ] key and then the "Frequency Config" softkey.
b) Define the start and stop frequency.

Configure the traces for the intial EMI measurement.

a) Press the [TRACE] key.

b) Select the "Trace Config" softkey to configure as many traces as required.

c) Define the detectors to use for the initial measurement, for example the peak
detector and the average detector.

Press the [MEAS] key on the front panel and select the "EMI" measurement.

The EMI main menu is displayed.

Select the "EMI Config" softkey and define the resolution bandwidth and filter type
to be used for the measurement.

By default, the R&S FSW uses a filter with a 3 db bandwidth. EMI measurements
usually require a filter with a 6 dB bandwidth.

Define the dwell time for which each marker position is measured during the final
measurement.

To obtain an overview of peak values in the input signal during the initial measure-
ment, activate the "Auto Peak Search" .

As soon as a sweep is started, the R&S FSW looks for the strongest peaks in the
frequency range you are measuring and positions one of the active markers on
those peaks. The number of active markers determines the number of detected
peaks; no additional markers are activated.

Define the type of scaling for the frequency axis according to the definition of the
limit lines in the standard.

Optionally, select the "LISN Config" softkey to configure a LISN control.

Configure the EMI measurement markers.

a) Select the "Marker Config" softkey and activate the number of markers or delta
markers you want to analyze.

b) For each active marker, select a detector to be used for the "Final Test", i.e.
the subsequent EMI measurement at the marker position.

c) If you already know which frequencies cause irregular values, set the markers
to those positions. (Otherwise perform an initial peak search to obtain an over-
view, see step 7).

Optionally, select the "Marker Demod Config" softkey to configure continuous
marker demodulation.
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12.

13.

14.

15.

Demodulation begins immediately with the next measurement. During the initial
measurement, demodulation is performed for the entire measurement span; during
the final measurement only the detected peak marker positions are demodulated
(for the defined dwell time).

Increase the number of sweep points for the EMI measurement.

a) Press the [SWEEP] key on the front panel.

b) Select the "Sweep Config" softkey.

c) Set the number of "Sweep Points" so that the distance between two sweep
points is smaller than RBW/3.

Optionally, select or configure limit lines against which the marker results are
checked.

a) Press the [Lines] key and then the "Lines Config" softkey, then select the "Lines
Config" tab.

b) In the "Line Config" dialog box, select the "View Filter" option: "Show Compati-
ble" .
All stored limit lines with the file extension .LIN in the 1imits subfolder of the
main installation folder of the instrument that are compatible to the current EMI
measurement settings are displayed in the overview.

c) Select the "Check Traces" setting for a limit line in the overview and select the
trace numbers to be included in the limit check. One limit line can be assigned
to several traces.

Define a suitable unit for the measured values, as the default unit dBm is not suita-
ble for EMI measurements, or select a transducer.

To change the unit:

Press the [AMPT] key, then select the "Amplitude Config" softkey and, in the
"Amplitude" dialog box, select the required unit.

To select a transducer:

a) Press the [SETUP] key.

b) Select the "Transducer" softkey.

c) Inthe "Transducer" dialog box, set the "View Filter" to "Show Compatible" to
determine the available transducers for the current EMI measurement setup.

d) Select a transducer line in the overview and select the "Active" setting for it.

Press the [RUN SINGLE] key to start a new EMI measurement.

If activated, a peak search is performed. For each active marker, a final measure-
ment is performed using the specified detector for the specified dwell time. If acti-
vated, the signal is demodulated at the active marker positions.

The specified traces to be checked are compared with the active limit lines. The
status of the limit check for the final measurement is indicated in the Result Sum-
mary.

|
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6.13.7 Measurement Example: Measuring Radio Frequency Interference

A common measurement task that you can do with the R&S FSW EMI measurement is
to detect radio frequency interference (RFI) or electromagnetic interferences (EMI).

The measurement shows signal levels over a particular frequency range. A typical fre-
quency range for EMI measurements is 150 kHz to 1 GHz. As the captured signal
characteristics will most likely be unknown, the best way to start the measurement is to
preset the R&S FSW and perform a peak search to obtain a general overview.

If you perform measurements according to a particular EMI standard, a preset also
eliminates the risk of wrong settings inherited from previous measurements. Note that
EMI measurements are possible in the Spectrum application only.

A programming example demonstrating an EMI measurement in a remote environment
is provided in Chapter 13.5.14.8, "Programming Example: EMI Measurement”,
on page 976.

Preparing the measurement

1. Press the [PRESET] key.
The R&S FSW restores the default settings.

2. Define the frequency range of the measurement.

a) Press the [FREQ] key.
b) Press the "Start Frequency" softkey and enter a frequency of 150 kHz.
c) Press the "Stop Frequency" softkey and enter a frequency of 1 GHz.

The R&S FSW scales the horizontal axis accordingly.

3. Press the [MEAS] key on the front panel and select the "EMI" measurement.
The EMI main menu is displayed.

4. Select the "EMI Config" softkey and define the resolution bandwidth and filter type
to be used for the measurement.

By default, the R&S FSW uses a filter with a 3 db bandwidth. EMI measurements
usually require a filter with a 6R&S FSWdB bandwidth.

5. Define the dwell time for which each marker position is measured during the final
measurement.

6. To obtain an overview of exceptional values in the input signal during the initial
measurement, activate the "Auto Peak Search" .
7. Select the measurement bandwidth.

a) Select the "Res BW CISPR" softkey.
A CISPR (6 dB) filter is configured.
b) Set the bandwidth to 1 MHz.

The R&S FSW shows the currently selected resolution bandwidth in the diagram
header.
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8.

10.

Configure the traces for the initial EMI measurement.

a) Press the [TRACE] key.

b) Press the "Trace Config" softkey to configure two traces.

c) Define the detectors to use for the initial measurement. Select the peak detec-
tor for trace 1 and the average detector for trace 2.
The peak detector ensures that the detected peak levels in the frequency range
covered by one pixel are displayed.

The R&S FSW now displays two traces. Trace 1 shows the peak values, trace 2
shows the average values.
Increase the number of sweep points for the EMI measurement.

a) Press the [SWEEP] key on the front panel.
b) Select the "Sweep Config" softkey.
c) Setthe number of "Sweep Points" to 200000.

Press the [AMPT] key, then select the "Amplitude Config" softkey and, in the
"Amplitude" dialog box, select V as the "Unit" .

Performing the measurement

1.

Configure the EMI measurement markers. In this example we will use 6 markers.

a) Select the "Marker Config" softkey and activate six normal markers.

b) Set markers 1 to 3 on trace 1. Set markers 4 to 6 on trace 2.

c) For each of these markers, select the "CISPR AV" detector to be used for the
"Final Test" , i.e. the subsequent EMI measurement at the marker positions.

Select a limit line against which the marker results are checked.

a) Press the [Lines] key and then the "Lines Config" softkey, then select the "Lines
Config" tab.

b) In the "Line Config" dialog box, select the "View Filter" option: "Show Compati-
ble" .
All stored limit lines with the file extension .LIN in the 1imits subfolder of the
main installation folder of the instrument that are compatible to the current EMI
measurement settings are displayed in the overview.

c) Inthe overview, click the "Check Traces" setting for the EN5501 12 limit line
and select trace 1 to be included in the limit check. (Trace 2, which is defined
as the average, will always be lower than trace 1, which contains peak values.)

Press the [RUN SINGLE] key to start a new EMI measurement.

If activated, a peak search is performed. For each active marker, a final measure-
ment is performed using the specified detector for the specified dwell time.

If activated, the signal is demodulated. During the initial measurement, demodula-
tion is performed for the entire measurement span; during the final measurement
only the detected peak marker positions are demodulated (for the defined dwell
time).

The specified traces to be checked are compared with the active limit line. The sta-
tus of the limit check for the final measurement is indicated in the Result Summary.

|
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Evaluating the measurement
Check the Result Summary to detect exceeded limit values.
Zoom into the diagram at the conspicuous frequency for more details.

If necessary, decrease the span to the area in which irregular values occurred and
repeat the measurement.

6.13.8 Optimizing and Troubleshooting EMI Measurements

If the results do not meet your expectations, try the following methods to optimize the
measurement:

Number of sweep points

The resolution bandwidth should cover at least one sweep point (more is better). If this
condition is not met, signals or interferences could be missed during refined measure-

ment of narrowband interferers. See Chapter 6.13.3.3, "Frequency Resolution - Sweep
Points and Scaling", on page 335.

If the distance between two sweep points is larger than RBW/3, a warning is displayed
in the status bar ( "Increase Sweep Points" or "RBW" ).

Dwell time

Consider the following when defining the dwell time:
® Unknown signals: select a dwell time of at least 1 second to ensure that pulses
down to a frequency of 5 Hz are weighted correctly

® Pulsed signals or signals that fluctuate slowly: the dwell time must cover at
least the time until the first signal peak is measured; can require long dwell time

e unmodulated signals or signals with a high modulation frequency: the dwell
time must cover at least the time until the first signal peak is measured; usually
shorter than for pulsed signals
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7/ Common Measurement Settings

Basic measurement settings that are common to many measurement tasks, regardless
of the application or operating mode, are described here. If you are performing a spe-
cific measurement task, using an operating mode other than Signal and Spectrum Ana-
lyzer mode, or an application other than the Spectrum application, be sure to check the
specific application or mode description for settings that may deviate from these com-
mon settings.

o Configuration OVEIVIEW........ooi i e e e e e e e e e 353
e Data Input and OUIPUL......cieiei i e e 355
e Frequency and Span Configuration...........cceceeiioieiei i 438
e Amplitude and Vertical Axis Configuration..........ccceeeceieiiiiiiene e 445
e Bandwidth, Filter and Sweep Configuration............cccccccecceiiiiiiiee e, 456
o Trigger and Gate Configuration...............cciiiiiiiiii e 473
o Adjusting Settings Automatically............coiiiiiiiiiiiii e 494

7.1 Configuration Overview

Access: all menus

Each channel provides an overview of the most important currently defined settings
and access to the most important configuration dialog boxes for the particular mea-
surement. This overview is available via the "Overview" icon, which is displayed in all
menus.

Overview

Frequency Sweep

Ref Level 0.0dBm

Level Offset 0.0dB Center 13.25 GHz Source Free Run
Input RF Att 10.0dB Span 26.5 GHz Level =
Power Sensor = Preamp Off Freq Offset Gated Trigger Off

@ Input — m Amplitude — E:g Frequency -— Trigger/Gate

ﬁl

@ Output -— Bandwidth — [[{83]] Analysis — Display Config

RBW 3.0MHz Trace 1 Clear Write

VBW 3.0 MHz Detector Auto Peak

Trigger Out SWT 79.5ms Marker 1 Off
Filter Type Normal(3dB) Limits Off

Lines Off

Preset Channel Select Measurement

Using this overview, you can easily configure an entire channel from input over pro-
cessing to output and analysis by stepping through the dialog boxes as indicated.

In particular, the "Overview" provides quick access to the following configuration dialog
boxes (listed in the recommended order of processing):

|
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1. "Select Measurement"
See Chapter 6, "Measurements and Results", on page 131

2. Input
See Chapter 7.2.2, "Input Source Settings", on page 363

3. Amplitude
See Chapter 7.4, "Amplitude and Vertical Axis Configuration", on page 445

4. Frequency
See Chapter 7.3, "Frequency and Span Configuration”, on page 438

5. (Optionally:) Trigger/Gate
See Chapter 7.6, "Trigger and Gate Configuration”, on page 473

6. Bandwidth
See Chapter 7.5.2, "Bandwidth, Filter and Sweep Settings", on page 462
(For SEM measurements: SEM Setup, see Chapter 6.6.5, "SEM Configuration",
on page 247)
(For Spurious measurements: Spurious Setup, see Chapter 6.7.4, "Spurious Emis-
sions Measurement Configuration”, on page 281)

7. (Optionally:) Outputs
See Chapter 7.2.6, "Output Settings", on page 433

8. Analysis
See Chapter 8, "Common Analysis and Display Functions", on page 498

9. Display
See Chapter 8.1, "Result Display Configuration", on page 498

To configure settings

» Select any button to open the corresponding dialog box.
Select a setting in the channel bar (at the top of the channel tab) to change a spe-
cific setting.

Preset Channel
Select the "Preset Channel" button in the lower left-hand corner of the "Overview" to
restore all measurement settings in the current channel to their default values.

Do not confuse the "Preset Channel" button with the [Preset] key, which restores the
entire instrument to its default values and thus closes all channels on the R&S FSW
(except for the default channel)!

Remote command:
SYSTem:PRESet:CHANnel [ :EXEC] on page 1216
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Data Input and Output

The R&S FSW can analyze signals from different input sources and provide various
types of output (such as video or trigger signals).

e Receiving Data Input and Providing Data Output.........cccccceeeeeiiiiicciiiiiieeece e, 355
@  INPUL SOUICE SEIHNGS..eiiiiiiiii i e e e e e e e e e 363
O P OWET SENSOIS. ...ttt ettt e e e e e e e e e s e n e e eeeeaaaaeeeaaaan 370
e Optional External Generator Control........ccccoeoeieiiiiiiiiiiec e 378
o  Optional EXtErNal IMIXEIS........ciiiieieiiieiee e e e e e e e e e e e e e e e e e e eeeeeeeeeens 406
®  OUIPUL SEHINGS. .. e e 433
e Trigger INpUt/OUtPUt SEHINGS.....uvuriiiiiiiiiee e 435
e How to Output a Trigger Signal.........cooeiceciiiiiiiiiee e 437

Receiving Data Input and Providing Data Output

The R&S FSW can analyze signals from different input sources and provide various
types of output (such as noise or trigger signals).

Using Probes

Probes allow you to perform voltage measurements very flexibly and precisely on all
sorts of devices to be tested, without interfering with the signal. The R&S FSW base
unit and some (optional) applications support input from probes.

Probe connectors

Probes can be connected to the following connectors on the R&S FSW:

e BASEBAND INPUT connectors, if the Analog Baseband Interface (option
R&S FSW-B71) is installed;
Allows you to perform 1/Q analysis or frequency sweeps on data from all active
probes up to a frequency of 5 GHz. The power supply for the probe is integrated in
the connector.
Supported only by applications that can process 1/Q data.

® "RF Input" connector using an R&S RT-ZA9 adapter;
Allows you to perform I/Q analysis or frequency sweeps on data from active modu-
lar probes directly on the RF input up to the maximum frequency of the probe and
analyzer. Does not require the optional Analog Baseband Interface (R&S FSW-
B71).
Supported by all R&S FSW applications, in particular the Spectrum application.
The R&S RT-ZA9 provides an interface between the probe's BNC socket and the
analyzer's N-socket. The USB connection provides the necessary supply voltages
for the probe.
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Active probes
When using active probes from the R&S RT family, consider the following:

® Active probes require operating power from the instrument and have a proprietary
interface to the instrument.

® The probe is automatically recognized by the instrument, no adjustment is
required.

® Connections should be as short as possible to keep the usable bandwidth high.
® Observe the operating voltage range.

Microbutton action

You can define an action to be performed by the R&S FSW when the probe's microbut-
ton (if available) is pressed. Currently, a single data acquisition via the probe can be
performed simply by pressing the microbutton.

Analog Baseband Probes

Probes are automatically detected when you plug them into the upper BASEBAND
INPUT connectors on the front panel of the R&S FSW. The detected information on the
probe is displayed in the "Probes" tab of the "Input" dialog box, individually for each
connector.

To determine whether the probe has been connected properly and recognized by the
R&S FSW, use the [SENSe: ] PROBe<pb>:SETup:STATe? remote control command.

Analog baseband input from connected probes can only be analyzed in applications
that support I/Q data processing and the optional Analog Baseband Interface

(R&S FSW-B71), such as the 1/Q Analyzer, the Analog Demodulation application, or
one of the optional applications.

However, probes can also provide RF input to the R&S FSW via the BASEBAND
INPUT I connector. In this case, the input is redirected to the RF input path. Then the
probe data can also be analyzed in the Spectrum application, allowing you to perform
measurements in the time or frequency domain on the input from a probe.

For details see the R&S FSW 1/Q Analyzer and 1/Q Input User Manual.

As opposed to common RF input processing, a transducer is activated before the com-
mon process to compensate for the additional path of the redirected signal.
Impedance and attenuation

The measured signal from the probe is attenuated internally by the probe's specific
attenuation. For probe signals that are redirected to the RF path, the attenuation is
compensated by the transducer. The reference level is adjusted automatically.

For analog baseband input, the attenuation is compensated without a transducer. In
this case, higher levels are available for the full scale level.
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A fixed impedance of 50 Q is used for all probes to convert voltage values to power
levels.

Additional information

An application note discussing differential measurements with spectrum analyzers is
available from the Rohde & Schwarz website:

1EF84: Differential measurements with Spectrum Analyzers and Probes

Common Mode Offset (for Differential Probes)

Common mode offset compensation is available for R&S®RT-ZD10/20/30 probes with
serial number = 200 000. It can compensate a common DC voltage applied to both
input sockets (referenced to the ground socket). This is particularly helpful for mea-
surements on differential signals with high common mode levels, for example, current
measurements using a shunt resistor.

A

CM offset setting 0 V CM offset setting +22 V
30v 1 L L L
Signal
25V 1 glippirlg
A0
20V R
o 15V
8
S 77T
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5V+
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Figure 7-1: Common mode (CM) offset compensation for a differential measurement

If the input signals fit into the operating voltage window of the R&S®RT-ZD10/20/30, it
is not necessary to set a common mode offset compensation.


http://www.rohde-schwarz.com/appnote/1EF84
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6 Clipping effects due to incorrect common mode offset

The R&S®RT-ZD10/20/30 probe measures only differential input signals. Common
mode signals are suppressed by the probe. Therefore, the common mode offset com-
pensation is not directly visible in the result display. An incorrect common mode offset
compensation can lead to unwanted clipping effects. Measuring the common mode
input voltage using the R&S ProbeMeter is a convenient way to detect breaches of the
operating voltage window.

For more information on common mode offset see the R&S®RT-ZD10/20/30 User Man-
ual.

RF Probes

Generally, you can perform frequency sweeps on active probes connected to the
BASEBAND INPUT connectors by redirecting the input to the RF Input path (see "Ana-
log Baseband Probes" on page 356). However, this measurement setup is restricted to
a maximum frequency of 5 GHz by the BASEBAND INPUT connectors. Furthermore,
this setup is restricted to applications that can process 1/Q data.

Connecting probes directly to the RF Input connector allows you to make use of the
maximum frequency range provided by the probe and the R&S FSW, which can be
much higher than 5 GHz.

Furthermore, input from probes at the RF Input connector can be analyzed in all
R&S FSW applications, including applications that do not process 1/Q data, and do not
support the optional Analog Baseband Interface (R&S FSW-B71).

Only active modular probes can be connected to the RF Input connector via the
optional R&S RT-ZA9 adapter.

To connect an active probe to the RF Input

1. Connect the R&S RT-ZA9 adapter to the RF Input connector on the R&S FSW.

2. Connect the R&S RT-ZA9 adapter's USB cable to a USB connector on the
R&S FSW.
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3. Connect the probe to the adapter.

@ eEE0Ee v

Probes are automatically detected when you plug them into the R&S FSW. The
detected information on the probe is displayed in the "Probes" tab of the "Input"
dialog box.

To determine whether the probe has been connected properly and recognized by the
R&S FSW, use the [SENSe: ] PROBe<pb>:SETup:STATe? remote control command.

Impedance and attenuation

The measured signal from the probe is attenuated internally by the probe's specific
attenuation. For RF probes, the attenuation is compensated using a pre-defined "Probe
on RF Input" transducer factor, which is automatically activated before the common RF
data processing. The reference level is adjusted automatically.

A fixed impedance of 50 Q is used for all probes to convert voltage values to power
levels.

MultiMode Function and Offset Compensation for Modular RF Probes

The R&S RT-ZM probe family features the MultiMode function which allows you to
switch between single-ended, differential, and common mode measurements without
reconnecting or resoldering the probe.
Four different input voltages can be measured with the MultiMode feature:
® P-Mode: (pos.) Single-ended input voltage (V)
Voltage between the positive input terminal and ground
® N-Mode: (neg.) Single-ended input voltage (V,)
Voltage between the negative input terminal and ground
® DM-Mode: Differential mode input voltage (Vy,)
Voltage between the positive and negative input terminal
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® CM-Mode: Common mode input voltage (V¢m)
Mean voltage between the positive and negative input terminal vs. ground
V, +

n ="

The R&S FSW supports all probe modes. The mode is configured in the Chap-
ter 7.2.2.2, "Probe Settings", on page 368.

Offset compensation

The R&S RT-ZM probes feature a comprehensive offset compensation function. The
compensation of DC components directly at the probe tip even in front of the active
probe amplifier is possible with an extremely wide compensation range of £16 V (24 V
for P and N modes).

The offset compensation feature is available for every MultiMode setting:

MultiMode Offset compensation Offset Application
setting compen-
sation
range
DM-Mode Differential DC voltage +16 V Probing single-ended signals, e.g. power
rails with high DC component and small AC
signal.
CM-Mode Common mode DC voltage +16 V Measurements of signals with high common

mode levels, e.g. current measurements with
a shunt resistor.

P-Mode DC voltage at positive input +24 'V Measurement of single-ended AC signals
terminal with high superimposed DC component at
the positive input terminal.

Note: The maximum voltage difference
between the positive and negative input ter-
minals is 16 V.

N-Mode DC voltage at negative input 124V Measurement of single ended AC signals
terminal with high superimposed DC component at
the negative input terminal.

Note: The maximum voltage difference
between the positive and negative input ter-
minals is 16 V.

If the offset for DM-mode or CM-mode is changed, the offsets for the P-mode and N-
mode are adapted accordingly, and vice versa.

7.21.2 Receiving and Providing Trigger Signals

Using one of the "TRIGGER INPUT / OUTPUT" connectors of the R&S FSW, the
R&S FSW can use a signal from an external device as a trigger to capture data. Alter-
natively, the internal trigger signal used by the R&S FSW can be output for use by
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other connected devices. Using the same trigger on several devices is useful to syn-
chronize the transmitted and received signals within a measurement.

For details on the connectors see the R&S FSW "Getting Started" manual.

External trigger as input

If the trigger signal for the R&S FSW is provided by an external device, the trigger sig-
nal source must be connected to the R&S FSW and the trigger source must be defined
as "External" in the R&S FSW.

6 External triggers with R&S FSW-B2000/B5000

When the input is provided from an R&S FSW with the B2000/B5000 option, the con-
nected oscilloscope samples the data. Thus, triggering is also processed by the oscillo-
scope. The trigger source can be either the IF level or an external trigger, for example
from the R&S FSW.

In this case, the trigger source must be defined as "External CH3" (or "External Ana-
log" for power splitting mode) on the R&S FSW.

Trigger output

The R&S FSW can provide output to another device either to pass on the internal trig-
ger signal, or to indicate that the R&S FSW itself is ready to trigger.

The trigger signal can be output by the R&S FSW automatically, or manually by the
user. If it is provided automatically, a high signal is output when the R&S FSW has trig-
gered due to a sweep start ( "Device Triggered" ), or when the R&S FSW is ready to
receive a trigger signal after a sweep start ( "Trigger Armed" ).

Manual triggering

If the trigger output signal is initiated manually, the length and level (high/low) of the
trigger pulse is also user-definable. Note, however, that the trigger pulse level is always
opposite to the constant signal level defined by the output "Level" setting, e.g. for
"Level" = "High", a constant high signal is output to the connector until the "Send Trig-
ger" button is selected. Then, a low pulse is provided.

v v

trigger trigger
5 - 5 1 -
U#D—> £ Q_:U—_) t
low-level constant, high-level constant,
high-level trigger low-level trigger

7.21.3 IF and Video Signal Output
The measured IF signal or displayed video signal (i.e. the filtered and detected IF sig-

nal) can be provided at the IF/VIDEO/DEMOD or "IF OUT 2 GHz/ IF OUT 5 GHz "
output connector.
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The video output is a signal of 1 V. It can be used, for example, to control demodula-
ted audio frequencies.

The IF output is a signal of the measured level at a specified frequency.

The "2ND IF" output is a signal with a bandwidth of 2 GHz at the frequency 2 GHz.
This output is only available if the "IF OUT 2 GHz/ IF OUT 5 GHz " output connector is
installed. (The availability of this connector depends on the instrument model.)

If the optional 2 GHz / 5 GHz bandwidth extension (R&S FSW-B2000/B5000) is active,
the "IF OUT 2 GHz/ IF OUT 5 GHz " output connector is used to transfer the measured
data from the R&S FSW to the connected oscilloscope. In this case, the "2ND IF" out-
put is automatically deactivated. It is not reactivated when the B2000/B5000 option is
switched off.

The frequency at which the active B5000 option transmits data to the oscilloscope via
the "IF 5 GHz OUT" connector depends on the analysis bandwidth.

Restrictions
Note the following restrictions for data output:

® |F and video output is only available in the time domain (zero span).

® For I/Q data, only IF output is available.

® |F output is not available if any of the following conditions apply:
— The optional Digital Baseband Interface is active (for input or output)
— MSRA operating mode is active
— MSRT operating mode is active

— A wideband extension is used (hardware options R&S FSWB160--B512; used
automatically for bandwidths > 80 MHz; in this case select the "IF WIDE OUT"
output, which uses the "IF WIDE OUTPUT" connector; for bandwidths larger
than 512 MHz, IF output is not available.)

— The sample rate is larger than 200 MHz (upsampling)

IF WIDE OUTPUT

For bandwidths > 80 MHz, but less than 512 MHz, the IF output is provided at the "IF
WIDE OUTPUT" connector.

For bandwidths larger than 512 MHz, IF output is not available.

In this case, the IF output frequency cannot be defined manually, but is determined
automatically depending on the center frequency. The currently used output frequency
is indicated in the "IF Wide Out Frequency" field of the "Output" dialog box. For details
on the used frequencies see the data sheet.

2ND IF Output

For instrument models R&S FSW26/43/50/67/85, the IF output can also be provided at
the optional "IF OUT 2 GHZz" output connector at a frequency of 2 GHz and with a
bandwidth of 2 GHz. The IF output can then be analyzed by a different instrument, for
example an R&S®RTO oscilloscope.
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For instrument model R&S FSW85, the IF output can also be provided at the optional
"IF OUT 2 GHZz" output connector at a frequency of 2 GHz and with a bandwidth of
2 GHz. The IF output can then be analyzed by a different instrument. However, con-

sider the note on the 2 GHz / 5 GHz bandwidth extension option below.

If "2ND IF" output is activated, the measured values are no longer available on the dis-
play; thus, the trace data currently displayed on the R&S FSW becomes invalid. A
message in the status bar indicates this situation. The message also indicates whether
the sidebands of the IF spectrum output are in normal or inverted order compared to
the RF signal, which depends on the used center frequency.

2 GHz / 5 GHz bandwidth extension option (R&S FSW-B2000/B5000)

To analyze IF data with a bandwidth of 2 GHz / 5 GHz using an R&S®RTO oscillo-
scope, it is recommended that you use the fully integrated solution including alignment
with the 2 GHz / 5 GHz bandwidth extension option (R&S FSW-B2000/B5000),
rather than the "2ND IF" output solution.

If the B2000/B5000 option is activated, the "2ND IF" output is automatically deactiva-
ted. It is not reactivated when the B2000/B5000 option is switched off.

For details see the R&S FSW 1/Q Analyzer and 1/Q Input User Manual.

7.2.2

Prerequisites

Note the following prerequisites for output to the "IF OUT 2 GHz" connector ( "2ND
IF"):

® Instrument model R&S FSW26/43/50/67/85; external mixers can be used

® Zero span mode, I/Q Analyzer, or optional application supporting B2000
(See the R&S FSW 1/Q Analyzer and 1/Q Input User Manual)

® Center frequency = 5.5 GHz
® Optional 2 GHz bandwidth extension (R&S FSW-B2000) is not active

Prerequisites for output to the "IF OUT 2 GHz" connector ( "2ND IF" ):

® |nstrument model R&S FSW85; external mixers cannot be used

® Zero span mode, I/Q Analyzer, or Analog Demodulation (R&S FSW-K7) application
® Center frequency = 5.5 GHz

® Optional 5 GHz bandwidth extension (R&S FSW-B5000) is not active

Input Source Settings

Access: "Overview" > "Input" > "Input Source"
The input source determines which data the R&S FSW will analyze.

The default input source for the R&S FSW is "Radio Frequency", i.e. the signal at the
"RF Input" connector of the R&S FSW. If no additional options are installed, this is the
only available input source.
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External mixers are not supported in MSRA/MSRT mode.

o Radio FrequenCy INPUL..........ooiiiiiccccere e 364
@ Probe SetliNgS....uuuueceiii e ————— 368

7.2.21 Radio Frequency Input

Access: "Overview" > "Input/Frontend" > "Input Source" > "Radio Frequency"

Input Source Power Sensor External Generator Probes

Radio an
Frequency

Input Coupling DC

Direct Path Off

High Pass Filter 1 to 3 GHz Off

YIG-Preselector Off

Input Connector Baseband Input I
Impec hing
Impedance

Value

Pad Type

RF Input Protection

The RF input connector of the R&S FSW must be protected against signal levels that
exceed the ranges specified in the data sheet. Therefore, the R&S FSW is equipped
with an overload protection mechanism for DC and signal frequencies up to 30 MHz.
This mechanism becomes active as soon as the power at the input mixer exceeds the
specified limit. It ensures that the connection between RF input and input mixer is cut
off.

When the overload protection is activated, an error message is displayed in the status
bar ( "INPUT OVLD" ), and a message box informs you that the RF Input was discon-
nected. Furthermore, a status bit (bit 3) in the STAT : QUES : POW status register is set.
In this case you must decrease the level at the RF input connector and then close the
message box. Then measurement is possible again. Reactivating the RF input is also
possible via the remote command INPut<ip>:ATTenuation:PROTection:RESet.

Radio FrequencCy STate ..o ———————— 365
10T 01U 107 0T 'o] 11 o 5P SR 365
g 01T =1 o T USSR 365
DT o = 1 o PP 366
High Pass Filter 110 3 GHZ ...cooiiiiiiiiei et 366
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Radio Frequency State
Activates input from the "RF Input" connector.

For R&S FSW85 models with two input connectors, you must define which input
source is used for each measurement channel.

Radio Input 1 Input 2
Frequency
"Input 1" 1.00 mm RF input connector for frequencies up to 85 GHz (90 GHz
with option R&S FSW-B90G)
"Input2" 1.85 mm RF input connector for frequencies up to 67 GHz

Remote command:
INPut<ip>:SELect on page 1046
INPut<ip>:TYPE on page 1047

Input Coupling
The RF input of the R&S FSW can be coupled by alternating current (AC) or direct cur-
rent (DC).

AC coupling blocks any DC voltage from the input signal. This is the default setting to
prevent damage to the instrument. Very low frequencies in the input signal may be dis-
torted.

However, some specifications require DC coupling. In this case, you must protect the
instrument from damaging DC input voltages manually. For details, refer to the data
sheet.

Remote command:
INPut<ip>:COUPling on page 1043

Impedance

The R&S FSW has an internal impedance of 50 Q. However, some applications use
other impedance values. In order to match the impedance of an external application to
the impedance of the R&S FSW, an impedance matching pad can be inserted at the
input. If the type and impedance value of the used matching pad is known to the

R&S FSW, it can convert the measured units accordingly so that the results are calcu-
lated correctly.

(See " Reference Level " on page 449).

This function is not available for input from the optional Digital Baseband Interface. Not
all settings are supported by all R&S FSW applications.

The impedance conversion does not affect the level of the output signals (such as IF,
video, demod, digital 1/Q output)

"50Q" (Default:) no conversion takes place
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"75Q" The 50 Q input impedance is transformed to a higher impedance
using a 75 Q adapter of the selected "Pad Type": "Series-R" (default)
or "MLP" (Minimum Loss Pad)

"User" The 50 Q input impedance is transformed to a user-defined impe-
dance value according to the selected "Pad Type": "Series-R"
(default) or "MLP" (Minimum Loss Pad)

Remote command:

INPut<ip>:IMPedance on page 1045
INPut<ip>:IMPedance:PTYPe on page 1045
For Analog Baseband input:

Direct Path
Enables or disables the use of the direct path for small frequencies.

In spectrum analyzers, passive analog mixers are used for the first conversion of the
input signal. In such mixers, the LO signal is coupled into the IF path due to its limited
isolation. The coupled LO signal becomes visible at the RF frequency 0 Hz. This effect
is referred to as LO feedthrough.

To avoid the LO feedthrough the spectrum analyzer provides an alternative signal path
to the A/D converter, referred to as the direct path. By default, the direct path is

selected automatically for RF frequencies close to zero. However, this behavior can be
disabled. If "Direct Path" is set to "Off" , the spectrum analyzer always uses the analog

mixer path.

"Auto" (Default) The direct path is used automatically for frequencies close
to zero.

"Off" The analog mixer path is always used.

Remote command:
INPut<ip>:DPATh on page 1043

High Pass Filter 1 to 3 GHz

Activates an additional internal high-pass filter for RF input signals from 1 GHz to

3 GHz. This filter is used to remove the harmonics of the analyzer to measure the har-
monics for a DUT, for example.

This function requires an additional hardware option.

(Note: for RF input signals outside the specified range, the high-pass filter has no
effect. For signals with a frequency of approximately 4 GHz upwards, the harmonics
are suppressed sufficiently by the YIG-preselector, if available.)

Remote command:
INPut<ip>:FILTer:HPASs[:STATe] on page 1044

YIG-Preselector
Activates or disables the YIG-preselector, if available on the R&S FSW.

An internal YIG-preselector at the input of the R&S FSW ensures that image frequen-
cies are rejected. However, this is only possible for a restricted bandwidth. To use the
maximum bandwidth for signal analysis you can disable the YIG-preselector at the
input of the R&S FSW, which can lead to image-frequency display.

User Manual 1173.9411.02 — 41 366



Data Input and Output

Note that the YIG-preselector is active only on frequencies greater than 8 GHz. There-
fore, switching the YIG-preselector on or off has no effect if the frequency is below that
value.

In order to make use of the optional 90 GHz frequency extension (R&S FSW-B90G),
the YIG-preselector must be disabled.

Note:

For the following measurements, the YIG-Preselector is off by default (if available).
® 1/Q Analyzer

® All slave applications in MSRA operating mode

® Real-Time (and thus in all slave applications in MSRT operating mode)

® Multi-Carrier Group Delay

e GSM

°® VSA

Remote command:
INPut<ip>:FILTer:YIG[:STATe] on page 1044

Preselector Adjust
Activates or deactivates the preselector adjustment.

This function is only available for instrument modelsR&S FSW43/50/67/85, for fre-
quency sweeps in the Spectrum application.

Generally, sweeps exceeding a certain span use different signal paths to measure the
required spectrum. In order to minimize the hysteresis impact of the YIG preselector at
the transition frequencies, you can activate this function. It is applied only when the
YIG-preselector is active.

If activated, the R&S FSW automatically performs a short internal adjustment. If you
change the frequency or span settings, the adjustment is repeated.

If activated, "PRADJ" is indicated in the window title bar.

Remote command:
CALibration:PADJust[:STATe] on page 1041

Input Connector
Determines which connector the input data for the measurement is taken from.

"RF" (Default:) the RF INPUT connector

"RF Probe" The RF INPUT connector with an adapter for a modular probe
This setting is only available if a probe is connected to the RF INPUT
connector.

"Baseband The optional Baseband Input | connector

Input I" This setting is only available if the optional Analog Baseband Inter-
face is installed and active for input. It is not available for the
R&S FSW67.

For R&S FSW85 models with two input connectors, this setting is
only available for "Input 1".

Remote command:
INPut<ip>:CONNector on page 1042
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7.2.2.2 Probe Settings

Access: [INPUT / OUTPUT] > "Input Source Config" > "Probes"

Data input for the measurement can be provided by probes if the optional Analog
Baseband Interface (R&S FSW-B71) is available or the R&S RT-ZA9 adapter is used.

|| Input Source Power Sensor External Generator Probes
Probe I Probe Q Probe RF

Name RT-ZS30 Name RT-ZS30 Name RT-ZM90
Serial Number 101241 Serial Number 101241 Serial Number 101411

Part Number 1410.4309.02 Part Number 1410.4309.02 Part Number 1419.3205K02
Type Single Ended Type Single Ended Type Modular

Probe Mode CM-Mode -~
Common Mode Offset

Diff. Mode Offset

P Offset

N Offset

o Attenuation 10:1

. Attenuation 2:1

Common Settings

Microbutton Action Run Single -

For each possible probe connector (Baseband Input |, Baseband Input Q, RF), the
detected type of probe, if any, is displayed.

For more information on using probes with an R&S FSW, see Chapter 7.2.1.1, "Using
Probes", on page 355.

For general information on the R&S®RT probes, see the device manuals.

[N F=T 0 0 L= TSRS 368
ST =TI N[0T ] o 1= RO 368
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L LT PP P PP PPOPR 369
1Y [ Yo = 369
Common Mode Offset / Diff. Mode Offset / P Offset / N Offset / ......vveeeeeeeeieienennn.n. 369
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MiICrODULEON ACLION ...ceeteeeieeeeee et e e e e e et e e e e eeeaaas 370
Name

Probe name

Remote command:
[SENSe: ] PROBe<pb>:SETup:NAME? on page 1066

Serial Number
Serial number of the probe

|
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Remote command:
[SENSe: ] PROBe<pb>:ID:SRNumber? on page 1064

Part Number
Rohde & Schwarz part number

Remote command:
[SENSe: ] PROBe<pb>:ID:PARTnumber? on page 1063

Type

Type of probe:

® Single-ended
e Differential

® Active Modular

Remote command:
[SENSe: ] PROBe<pb>:SETup:TYPE? on page 1068

Mode

Mode for multi-mode modular probes. Determines which voltage is measured.

"DM-mode" Voltage between the positive and negative input terminal

"CM-mode" Mean voltage between the positive and negative input terminal vs.
ground

"P-mode" Voltage between the positive input terminal and ground

"N-mode" Voltage between the negative input terminal and ground

Remote command:
[SENSe: ] PROBe<pb>:SETup: PMODe on page 1067

Common Mode Offset / Diff. Mode Offset / P Offset / N Offset /

Sets the offset for the probe, depending on the used mode (CM and DM mode both
use the "Common Mode Offset"). The setting is only available if a differential (R&S RT-
ZD) or modular (R&S RT-ZM) probe is connected to the R&S FSW.

If the probe is disconnected, the offset of the probe is reset to 0.0 V.

Note: If the offset for DM-mode or CM-mode is changed, the offsets for the P-mode
and N-mode are adapted accordingly, and vice versa.

Remote command:

[SENSe: ] PROBe<pb>:SETup:CMOFfset on page 1064

[SENSe: ] PROBe<pb>:SETup:DMOFfset on page 1065

[SENSe: ] PROBe<pb>:SETup:NMOFfset on page 1066

[SENSe: ] PROBe<pb>:SETup:PMOFfset on page 1067

Attenuation
Defines the attenuation applied to the input at the probe. This setting is only available
for modular probes.

"10:1" Attenuation by 20 dB
"2:1" Attenuation by 6 dB
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Remote command:
[SENSe: ] PROBe<pb>:SETup:ATTRatio on page 1064

Microbutton Action

Active Rohde & Schwarz probes (except for R&S RT-ZS10E) have a configurable
microbutton on the probe head. By pressing this button, you can perform an action on
the instrument directly from the probe.

Select the action that you want to start from the probe:

"Run Single" Starts one data acquisition.
"No Action" Prevents unwanted actions due to unintended usage of the microbut-
ton.

Remote command:
[SENSe: ] PROBe<pb>:SETup :MODE on page 1066

Power Sensors

The R&S FSW can also analyze data from a connected power sensor.

@  BaSiCS ON POWET SENSOIS....uuuiiiiieieee ettt e e e e et e e e s eebe e e e aeeaens 370
®  Power SEeNSOr SEtiNGS....cccuiiiiiiiiiiie e 372
o How to WOrk With @ POWET SENSON........ocieeieieiiieeeeee et e e 376

Basics on Power Sensors

For precise power measurement, up to 4 power sensors can be connected to the
instrument via the power sensor interface (on the front panel) or the USB connectors.
Both manual operation and remote control are supported.

For a detailed list of supported sensors, see the data sheet.

Power sensors can also be used to trigger a measurement at a specified power level,
e.g. from a signal generator (see "Using a Power Sensor as an External Power Trig-
ger" on page 371).

Signal Power R&S®
source sensor FSW

Figure 7-2: Power sensor support — standard test setup
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Using the power sensor with several applications

The power sensor cannot be used from the R&S FSW firmware and the R&S Power
Viewer Plus (virtual power meter for displaying results of the R&S NRP power sensors)
simultaneously.

Result display

The results of the power sensor measurements are displayed in the marker table. For
each power sensor, a row is inserted. The sensor index is indicated in the "Type" col-
umn.

2 Marker Table

Type Ref "Trc X-Value V-Value Function Function Result
PWR1 -70.00 dBm PWR123456 NRP-Z81
PWR2 -70.00 dBm PWR111111 NRP-Z11

Using a Power Sensor as an External Power Trigger

Power sensors can be used to trigger a measurement at a specified power level, e.g.
from a signal generator. For a list of supported power sensors see the data sheet.

With the R&S FSW, the power sensors can be connected to the "Power Sensor" inter-
face directly, and no further cables are required. They can then be configured as an
external power sensor trigger.

ST T SO & e @

Power Sensor

Figure 7-3: Connecting a power sensor using the POWER SENSOR interface

The R&S FSW receives an external trigger signal when the defined trigger level is
measured by the power sensor. Power measurement results are provided as usual.

The "Gate Mode" Level is not supported for R&S power sensors. The signal sent by

6 these sensors merely reflects the instant the level is first exceeded, rather than a time
period. However, only time periods can be used for gating in level mode. Thus, the trig-
ger impulse from the sensors is not long enough for a fully gated measurement; the
measurement cannot be completed. For details on gating see Chapter 7.6.2.1, "Gated
Measurements", on page 485.

For details see "How to Configure a Power Sensor as an External (PSE) Trigger"
on page 378.

|
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7.2.3.2 Power Sensor Settings

Access: "Overview" > "Input”" > "Power Sensor" tab

Each sensor is configured on a separate tab.

InputSource Power Sensor External Generator Probes

State On Continuous Update On

Sensorl . Select

Sensor2

Sansor3 . Frequency Manual Reference Value _

Sensord 0 Frequency Coupling Center @ Use Ref Level Offset
Unit/Scale dBm v . Number of Readings

Meas Time/Average Normal = . Duty Cycle

. External Power Trigger External Trigger Level 2R sl

Hysteresis 0.0 dB Dropout Time 100.0 ps

Holdoff Time JUIES Slope Rising Falling

Continuous Value Update .........cooe i 373
RS T= 1= o SRR 373
ZEr0ING POWET SENSOT ....eeiiiiiiiiiiie ettt ettt e e e st e e s st e e e s e abee e e e s enbeee e e e nnnes 373
FrequencCy ManUal ... e e e e e e 374
[ C=To [UT=T g o3V @70 10T o] 1o Vo 374
T 7= = PP 374
MeEas TIMEIAVEIAGE ........eeieiieiieiei ettt e e s e e e e e e e 374
Setting the Reference Level from the Measurement Meas -> Ref .......ccccoceieinnen. 374
REFEIENCE VAIUE ... e e e e e e s s s r e e e e e e e e e e s 374
Use Ref LeVel OffSEL ..ottt 375
Average Count ( Number of REAdINGS ).....uvviiiiiiiiiiiiiiiiciiiiieeee e 375
10V O Yo = 375
Using the power sensor as an external trigger .........oooi e 375

L External THGGEr LEVE! ......c.cvoveeeeeecececeeeeeee e 375
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State

Switches the power measurement for all power sensors on or off. Note that in addition

to this general setting, each power sensor can be activated or deactivated individually

by the Select setting on each tab. However, the general setting overrides the individual
settings.

Remote command:
[SENSe: ] PMETer<p>[:STATe] on page 1087

Continuous Value Update
If activated, the power sensor data is updated continuously during a sweep with a long
sweep time, and even after a single sweep has completed.

This function cannot be activated for individual sensors.

If the power sensor is being used as a trigger (see " Using the power sensor as an
external trigger " on page 375), continuous update is not possible; this setting is
ignored.

Remote command:
[SENSe: ] PMETer<p>:UPDate[:STATe] on page 1087

Select
Selects the individual power sensor for usage if power measurement is generally acti-
vated ( State function).

The detected serial numbers of the power sensors connected to the instrument are
provided in a selection list. For each of the four available power sensor indexes

( "Power Sensor 1" ... "Power Sensor 4" ), which correspond to the tabs in the configu-
ration dialog, one of the detected serial numbers can be assigned. The physical sensor
is thus assigned to the configuration setting for the selected power sensor index.

By default, serial numbers not yet assigned are automatically assigned to the next free
power sensor index for which "Auto Assignment" is selected.

Alternatively, you can assign the sensors manually by deactivating the "Auto" option
and selecting a serial number from the list.

Remote command:

[SENSe: ] PMETer<p>[:STATe] on page 1087
SYSTem:COMMunicate:RDEVice:PMETer<p>:DEFine on page 1081
SYSTem:COMMunicate:RDEVice:PMETer<p>:CONFigure:AUTO[ :STATe]
on page 1080

SYSTem:COMMunicate:RDEVice: PMETer<p>:COUNt? on page 1081

Zeroing Power Sensor
Starts zeroing of the power sensor.

For details on the zeroing process refer to "How to Zero the Power Sensor"
on page 378.

Remote command:
CALibration:PMETer<p>:ZERO:AUTO ONCE on page 1082
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Frequency Manual

Defines the frequency of the signal to be measured. The power sensor has a memory
with frequency-dependent correction factors. This allows extreme accuracy for signals
of a known frequency.

Remote command:
[SENSe: ] PMETer<p>:FREQuency on page 1085

Frequency Coupling
Selects the coupling option. The frequency can be coupled automatically to the center
frequency of the instrument or to the frequency of marker 1.

Remote command:
[SENSe: ] PMETer<p>:FREQuency:LINK on page 1085

Unit/Scale
Selects the unit with which the measured power is to be displayed. Available units are
dBm, dB, W and %.

If dB or % is selected, the display is relative to the reference value that is defined with
either the "Meas -> Ref" setting or the "Reference Value" setting.

Remote command:
UNIT<n>:PMETer<p>:POlWer on page 1088
UNIT<n>:PMETer<p>:POWer:RATio on page 1088

Meas Time/Average

Selects the measurement time or switches to manual averaging mode. In general,
results are more precise with longer measurement times. The following settings are
recommended for different signal types to obtain stable and precise results:

"Short" Stationary signals with high power (> -40dBm), because they require
only a short measurement time and short measurement time provides
the highest repetition rates.

"Normal" Signals with lower power or modulated signals

"Long" Signals at the lower end of the measurement range (<-50 dBm) or
Signals with lower power to minimize the influence of noise

"Manual" Manual averaging mode. The average count is set with the Average
Count ( Number of Readings ) setting.

Remote command:
[SENSe: ] PMETer<p>:MTIMe on page 1086
[SENSe: ] PMETer<p>:MTIMe:AVERage[:STATe] on page 1086

Setting the Reference Level from the Measurement Meas -> Ref
Sets the currently measured power as a reference value for the relative display. The
reference value can also be set manually via the Reference Value setting.

Remote command:
CALCulate<n>:PMETer<p>:RELative[:MAGNitude] :AUTO ONCE on page 1083

Reference Value
Defines the reference value in dBm used for relative power meter measurements.
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Remote command:
CALCulate<n>:PMETer<p>:RELative[:MAGNitude] on page 1083

Use Ref Level Offset
If activated, takes the reference level offset defined for the analyzer into account for the
measured power (see " Shifting the Display ( Offset )" on page 450).

If deactivated, takes no offset into account.

Remote command:
[SENSe: ] PMETer<p>:ROFFset [:STATe] on page 1087

Average Count ( Number of Readings )

Defines the number of readings (averages) to be performed after a single sweep has
been started. This setting is only available if manual averaging is selected ( Meas
Time/Average setting).

The values for the average count range from 0 to 256 in binary steps (1, 2, 4, 8, ...).
For average count = 0 or 1, one reading is performed. The general averaging and
sweep count for the trace are independent from this setting.

Results become more stable with extended average, particularly if signals with low
power are measured. This setting can be used to minimize the influence of noise in the
power sensor measurement.

Remote command:
[SENSe: ] PMETer<p>:MTIMe:AVERage: COUNt on page 1086

Duty Cycle

Sets the duty cycle to a percent value for the correction of pulse-modulated signals and
activates the duty cycle correction. With the correction activated, the sensor calculates
the signal pulse power from this value and the mean power.

Remote command:
[SENSe: ] PMETer<p>:DCYCle[:STATe] on page 1084
[SENSe: ] PMETer<p>:DCYCle:VALue on page 1084

Using the power sensor as an external trigger

If activated, the power sensor creates a trigger signal when a power higher than the
defined "External Trigger Level" is measured. This trigger signal can be used as an
external power trigger by the R&S FSW.

This setting is only available in conjunction with a compatible power sensor.

For details on using a power sensor as an external trigger, see "Using a Power Sensor
as an External Power Trigger" on page 371.

Remote command:
[SENSe: ] PMETer<p>:TRIGger[:STATe] on page 1090
TRIG:SOUR PSE, see TRIGger [:SEQuence] : SOURce on page 1027

External Trigger Level — Using the power sensor as an external trigger
Defines the trigger level for the power sensor trigger.

For details on supported trigger levels, see the data sheet.
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Remote command:
[SENSe: ] PMETer<p>:TRIGger:LEVel on page 1090

Hysteresis < Using the power sensor as an external trigger

Defines the distance in dB to the trigger level that the trigger source must exceed
before a trigger event occurs. Setting a hysteresis avoids unwanted trigger events
caused by noise oscillation around the trigger level.

Remote command:
[SENSe: ] PMETer<p>:TRIGger:HYSTeresis on page 1089

Trigger Holdoff — Using the power sensor as an external trigger
Defines the minimum time (in seconds) that must pass between two trigger events.
Trigger events that occur during the holdoff time are ignored.

Remote command:
[SENSe: ] PMETer<p>:TRIGger:HOLDoff on page 1089

Drop-Out Time — Using the power sensor as an external trigger
Defines the time the input signal must stay below the trigger level before triggering
again.

Slope «— Using the power sensor as an external trigger
Defines whether triggering occurs when the signal rises to the trigger level or falls
down to it.

Remote command:
[SENSe: ] PMETer<p>:TRIGger:SLOPe on page 1090

How to Work With a Power Sensor

The following step-by-step instructions demonstrate how to set up a power sensor. For
details on individual functions and settings see Chapter 7.2.3.2, "Power Sensor Set-
tings", on page 372.

The remote commands required to perform these tasks are described in Chap-
ter 13.7.6.5, "Working with Power Sensors", on page 1080.

Power sensors can also be used to trigger a measurement at a specified power level,
e.g. from a signal generator.

This is described in "How to Configure a Power Sensor as an External (PSE) Trigger
on page 378.

How to Set Up a Power Sensor

Up to 4 external power sensors can be configured separately and used for precise
power measurement. All power sensors can be activated and deactivated individually.

The following procedure describes in detail how to configure and activate power sen-
SOrs.

1. To display the "Power Sensor" tab of the "Input" dialog box, do one of the following:
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10.

11.
12.

e Select "Input" from the "Overview" .
e Select the [INPUT/OUTPUT] key and then the "Power Sensor Config" softkey.

Select the tab for the power sensor index you want to configure, e.g. "Power Sen-
sor 1".

Press "Select" to analyze the power sensor data according to the current configura-
tion when power measurement is activated.

From the selection list with serial numbers of connected power sensors, select the
sensor you want to configure.

To have newly connected power sensors assigned to a tab automatically (default),
select "Auto" .

Define the frequency of the signal whose power you want to measure.

a) To define the frequency manually, select "Frequency Manual" and enter a fre-
quency.

b) To determine the frequency automatically, select "Frequency Coupling" and
then either "Center" , to use the center frequency, or "Marker" , to use the fre-
quency defined by marker 1.

Select the unit for the power result display.

Select the measurement time for which the average is calculated, or define the
number of readings to average. To define the number of readings to be taken into
account manually, select "Manual" and enter the number in the "Number of Read-
ings" field.

To activate the duty cycle correction, select "DutyCycle" and enter a percentage as
the correction value.

If you selected "dB" or "%" as units (relative display), define a reference value:

a) To set the currently measured power as a reference value, press the "Meas ->
Ref" button.

b) Alternatively, enter a value manually in the "Reference Value" field.

c) Optionally, select the "Use Ref Level Offset" option to take the reference level
offset set for the analyzer into account for the measured power.

To use the power sensor as an external power trigger, select the "External Power
Trigger" option and define the trigger settings.

For details see "How to Configure a Power Sensor as an External (PSE) Trigger"
on page 378.

If necessary, repeat steps 3-10 for another power sensor.

Set the "Power Sensor State" at the top of the "Power Sensor" tab to "On" to acti-
vate power measurement for the selected power sensors.

The results of the power measurement are displayed in the marker table (Function:
"Sensor <1...4>").

|
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How to Zero the Power Sensor

1. To display the "Power Sensor" tab of the "Input" dialog box, do one of the following:

e Select "Input" from the "Overview" .
e Select the [INPUT/OUTPUT] key and then the "Power Sensor Config" softkey.

2. Select the tab that is assigned to the power sensor you want to zero.

3. Press the "Zeroing Power Sensor" button.
A dialog box is displayed that prompts you to disconnect all signals from the input
of the power sensor.

4. Disconnect all signals sending input to the power sensor and press [ENTER] to
continue.

5. Wait until zeroing is complete.
A corresponding message is displayed.
How to Configure a Power Sensor as an External (PSE) Trigger
The following step-by-step instructions demonstrate how to configure a power sensor
to be used as an external power sensor trigger.
To configure a power sensor as an external power sensor (PSE) trigger

1. Connect a compatible power sensor to the "Power Sensor" interface on the front
panel of the R&S FSW. (For details on supported sensors see "Using a Power
Sensor as an External Power Trigger" on page 371).

2. Set up the power sensor as described in "How to Set Up a Power Sensor"
on page 376.

3. Inthe "Power Sensor" tab of the "Input" dialog box, select the "External Power Trig-
ger" option.

4. Enter the power level at which a trigger signal is to be generated ( "External Trigger
Level" ) and the other trigger settings for the power sensor trigger.

5. Press the [TRIG] key and then select "Trigger/ Gate Config" .
6. Inthe "Trigger And Gate" dialog box, select "Signal Source" = "PSE" .

The R&S FSW is configured to trigger when the defined conditions for the power
sensor occur. Power measurement results are provided as usual.

7.2.4 Optional External Generator Control
If the R&S FSW optional External Generator Control is installed, you can operate vari-

ous commercially available generators as an external generator with the R&S FSW.
Thus, scalar network analysis with the R&S FSW is possible.

|
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About External Generator Control

A common measurement setup includes a signal generator, a device under test (DUT),
and a signal and spectrum analyzer, for example the R&S FSW. In this setup, the sig-
nal analyzer can control which signal the generator is to send, which is in turn mea-
sured by the analyzer. This process is referred to as external generator control. The
generator in this setup is referred to as a tracking generator.

A measurement with a tracking generator is useful to measure any effects on the
power level caused by the cables and connectors from the signal generator and the
signal analyzer in advance. The known effects can then be removed from the mea-
surement results in order to obtain accurate information on the DUT.

Basics on External Generator Control

Some background knowledge on basic terms and principles used for external genera-
tor control is provided here for a better understanding of the required configuration set-
tings.

External generator control is only available in the following applications.
® Spectrum Analyzer

® 1/Q Analyzer

® Analog Demodulation

® Noise Figure Measurements

e External Generator CONNECLIONS........uuiiiiiiiiiii i 379
e Overview of Supported GENErators.........cccuuveeiiiieeeeeeieeccreeeee e 382
o Generator SEUP FleS. ... . i 383
o Calibration MeChaniSM...........coooiiiiiii e 383
®  NOMMAIZAtION.....ueiiiiie et e e e e e e e e e ee e e 384
e Reference Trace, Reference Line and Reference Level.........cccccveeeeiiiicciiniiennnen. 386
o Coupling the FreqQUENCIES.........uuuiiiiiiiieee et e e e e e e e e e e s snenes 386
e Displayed Information and ErTOrS.........cc.ueviiiiciiiieiiciieee e 388

External Generator Connections

The external generator is controlled either via a LAN connection or via the EXT. GEN.
CONTROL GPIB interface of the R&S FSW supplied with the option.

For more information on configuring interfaces see Chapter 12.1.1, "Remote Control
Interfaces and Protocols", on page 725.
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TTL synchronization

In addition, TTL synchronization can be used with some Rohde & Schwarz generators
connected via GPIB. The TTL interface is included in the AUX control connector of the
External Generator Control option.

GPIB control, because the frequency stepping of the R&S FSW is directly coupled with
the frequency stepping of the generator. For details see "Coupling the Frequencies"
on page 386.

@ Using the TTL interface allows for considerably higher measurement rates than pure

In Figure 7-4, the connection for an R&S SMW is shown.

R&S SMW
rear panel

BNC Trigger BNC Blank

'y

" . '
A ONTRQ

R&S FSW
rear panel

Figure 7-4: TTL connection for an R&S SMW generator

The external generator can be used to calibrate the data source by performing either
transmission or reflection measurements.

Transmission Measurement

This measurement yields the transmission characteristics of a two-port network. The
external generator is used as a signal source. It is connected to the input connector of
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the DUT. The input of the R&S FSW is fed from the output of the DUT. A calibration
can be carried out to compensate for the effects of the test setup (e.g. frequency
response of connecting cables).

GEM QUTPUT ————— DUT  — RFINPUT

Figure 7-5: Test setup for transmission measurement

Reflection Measurement

Scalar reflection measurements can be carried out using a reflection-coefficient mea-
surement bridge.

GEM OUTPUT ————— Bridge ————— RF INPUT

ouT

Figure 7-6: Test setup for reflection measurement

Generated signal input

In order to use the functions of the external generator, an appropriate generator must
be connected and configured correctly. In particular, the generator output must be con-
nected to the RF input of the R&S FSW.

External reference frequency

In order to enhance measurement accuracy, a common reference frequency should be
used for both the R&S FSW and the generator. If no independent 10 MHz reference
frequency is available, it is recommended that you connect the reference output of the
generator with the reference input of the R&S FSW and that you enable usage of the
external reference on the R&S FSW via "SETUP" > "Reference" > "External Refer-
ence".

For more information on external references see Chapter 11.5, "Reference Frequency
Settings", on page 694.
Connection errors

If no external generator is connected, if the connection address is not correct, or the
generator is not ready for operation, an error message is displayed (e.g."Ext. Genera-
tor TCPIP Handshake Error!", see "Displayed Information and Errors" on page 388).
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Overview of Supported Generators

Generator Model Driver file TTL sup- | | Generator type Model Driver file TTL sup-
type port port
SGS100A 6 GHz SGS100A6 - SMJ 3 GHz SMJ03 X
12GHz | SGS100A12 - 6 GHz SMJ06 X
SGT100A 3 GHz SGT100A3 - SML 1 GHz SMLO1 -
6 GHz SGT100A6 - 2 GHz SMLO02 -
SMAO1A 3 GHz SMAO1A M X 3 GHz SMLO03 -
SMA100A 3 GHz SMA100A3 X SMP 2 GHz SMPO02 X
6 GHz SMA100A6 X 3 GHz SMPO03 X
SMB100A 1 GHz SMB100A1 X 4 GHz SMP04 X
12GHz | SMB100A12 X 22 GHz | SMP22 X
2 GHz SMB100A2 X SMR 20 GHz | SMR20 -
20 GHz | SMB100A20 X 20 GHz | SMR20B113 X
3 GHz SMB100A3 X 27 GHz | SMR27 X
40 GHz | SMB100A40 X 27 GHz | SMR27B11 %) X
SMBV100A 3 GHz SMBV100A3 X 30 GHz | SMR30 X
6 GHz SMBV100A6 X 30 GHz | SMR30B11 9 X
SMB100B 1 GHz SMB100B1 X 40 GHz | SMR40 X
3 GHz SMB100B3 X 40 GHz | SMR40B113) X
6 GHz SMB100B6 X 50 GHz | SMR50 X
SMBV100B 3 GHz SMBV100B3 X 50 GHz | SMR50B11 3 X
6 GHz SMBV100B6 X 60 GHz | SMR60 X
SMC100A 1 GHz SMC100A1 - 60 GHz | SMR60B11 %) X
3 GHz SMC100A3 - SMT 2 GHz SMTO02 -
SME 2 GHz SME02 X 3 GHz SMTO03 -
3 GHz SMEO03 X 6 GHz SMT06 -
6 GHz SMEO06 X SMU 2 GHz SMU02 X
SMF100A 43.5 GHz | SMF100A X 2 GHz SMU02B31 2 X
SMF 22 GHz | SMF22 X 3 GHz SMU03 2 X
22 GHz | SMF22B2 X 3 GHz SMU03B31 2 X

1) Requires firmware version V2.10.x or higher on the signal generator
2) Requires firmware version V1.10.x or higher on the signal generator
3) Requires the option SMR-B11 on the signal generator

4) Requires firmware version V3.20.200 or higher on the signal generator
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Generator Model Driver file TTL sup- | | Generator type Model Driver file TTL sup-
type port port

43 GHz | SMF43 X 4 GHz SMU04 2 X

43 GHz | SMF43B2 X 4 GHz SMU04B31 2 X
SMG all SMG - 6 GHz SMU06 2 X
SMGL all SMGL - 6 GHz SMU06B31 2 X
SMGU all SMGU - SMV 3 GHz SMV03 -
SMH all SMH - SMW 3 GHz SMWO03 X4
SMHU SMHU - 6 GHz SMWO06 X4
SMIQ 2 GHz SMIQ02 X 20 GHz | SMW20 X4

2 GHz SMIQ02B X 40 GHz | SMW40 X4

2 GHz SMIQO2E - SMX all SMX -

3 GHz SMIQ03 X SMY 1 GHz SMYO01 -

3 GHz SMIQ03B X 2 GHz SMY02 -

3 GHz SMIQO3E -

4 GHz SMIQ04B X

6 GHz SMIQ06B X

1) Requires firmware version V2.10.x or higher on the signal generator
2) Requires firmware version V1.10.x or higher on the signal generator
3) Requires the option SMR-B11 on the signal generator

4) Requires firmware version V3.20.200 or higher on the signal generator

Generator Setup Files

For each signal generator type to be controlled by the R&S FSW a generator setup file
must be configured and stored on the R&S FSW. The setup file defines the frequency
and power ranges supported by the generator, as well as information required for com-
munication. For the signal generators listed in "Overview of Supported Generators"

on page 382, default setup files are provided. If necessary, these files can be edited or
duplicated for varying measurement setups or other instruments.

The existing setup files can be displayed in an editor in read-only mode directly from
the "External Generator" configuration dialog box. From there, they can be edited and
stored under a different name, and are then available on the R&S FSW.

(For details see "To define a new generator setup file" on page 399).

Calibration Mechanism

A common measurement setup includes a signal generator, a device under test (DUT),
and a signal and spectrum analyzer. Therefore, it is useful to measure the attenuation
or gain caused by the cables and connectors from the signal generator and the signal
analyzer in advance. The known level offsets can then be removed from the measure-
ment results in order to obtain accurate information on the DUT.
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Calculating the difference between the currently measured power and a reference
trace is referred to as calibration. Thus, the measurement results from the controlled
external generator - including the inherent distortions - can be used as a reference
trace to calibrate the measurement setup.

The inherent frequency and power level distortions can be determined by connecting
the R&S FSW to the signal generator. The R&S FSW sends a predefined list of fre-
quencies to the signal generator (see also "Coupling the Frequencies" on page 386).
The signal generator then sends a signal with the specified level at each frequency in
the predefined list. The R&S FSW measures the signal and determines the level off-
sets to the expected values.

Saving calibration results

A reference dataset for the calibration results is stored internally as a table of value
pairs (frequencyl/level), one for each sweep point. The measured offsets can then be
used as calibration factors for subsequent measurement results.

The calibration can be performed using either transmission or reflection measure-
ments. The selected type of measurement used to determine the reference trace is
included in the reference dataset.

Normalization

Once the measurement setup has been calibrated and the reference trace is available,
subsequent measurement results can be corrected according to the calibration factors,
if necessary. This is done by subtracting the reference trace from the measurement
results. This process is referred to as normalization and can be activated or deactiva-
ted as required. If normalization is activated, "NOR" is displayed in the channel bar,
next to the indication that an external generator is being used ("Ext.Gen").The normal-
ized trace from the calibration sweep is a constant O dB line, as <calibration trace> -
<reference trace> = 0.

As long as the same settings are used for measurement as for calibration, the normal-
ized measurement results should not contain any inherent frequency or power distor-
tions. Thus, the measured DUT values are very accurate.

Approximate normalization

As soon as any of the calibration measurement settings are changed, the stored refer-
ence trace will no longer be identical to the new measurement results. However, if the
measurement settings do not deviate too much, the measurement results can still be
normalized approximately using the stored reference trace. This is indicated by the
"APX" label in the channel bar (instead of "NOR").

This is the case if one or more of the following values deviate from the calibration set-
tings:

® Coupling (RBW, VBW, SWT)

® Reference level, RF attenuation

e Start or stop frequency

e Qutput level of external generator

® Detector (max. peak, min. peak, sample, etc.)
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® Frequency deviation at a maximum of 1001 points within the set sweep limits (cor-
responds to a doubling of the span)

Differences in level settings between the reference trace and the current instrument
settings are taken into account automatically. If the span is reduced, a linear interpola-
tion of the intermediate values is applied. If the span increases, the values at the left or
right border of the reference dataset are extrapolated to the current start or stop fre-
quency, i.e. the reference dataset is extended by constant values.

Thus, the instrument settings can be changed in a wide area without giving up normali-
zation. This reduces the necessity to carry out a new normalization to a minimum.

If approximation becomes too poor, however, normalization is aborted and an error
message is displayed (see "Displayed Information and Errors" on page 388).

The normalized trace in the display

The normalized reference trace is also displayed in the spectrum diagram, by default at
the top of the diagram (= 100% of the window height). It is indicated by a red line
labeled "NOR", followed by the current reference value. However, it can be shifted ver-
tically to reflect an attenuation or gain caused by the measured DUT (see also "Shifting
the reference line (and normalized trace)" on page 386).

Restoring the calibration settings

If the measurement settings no longer match the instrument settings with which the
calibration was performed (indicated by the "APX" or no label next to "Ext.TG" in the
channel bar), you can restore the calibration settings, which are stored with the refer-
ence dataset on the R&S FSW.

Storing the normalized reference trace as a transducer factor

The (inverse) normalized reference trace can also be stored as a fransducer factor for
use in other R&S FSW applications that do not support external generator control. The
normalized trace data is converted to a transducer with unit dB and stored in a file with
the specified name and the suffix . trd under c:\r s\instr\trd. The frequency
points are allocated in equidistant steps between the start and stop frequency.

This is useful, for example, to determine the effects of a particular device component
and then remove these effects from a subsequent measurement which includes this
component.

For an example see "How to Remove the Effects of a Particular Component from Mea-
surement Results Using Calibration" on page 400.

Note that the normalized measurement data is stored, not the original reference trace!

6 Thus, if you store the normalized trace directly after calibration, without changing any
settings, the transducer factor will be 0 dB for the entire span (by definition of the nor-
malized trace).
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Reference Trace, Reference Line and Reference Level

Reference trace

The calibration results are stored internally on the R&S FSW as a reference trace. For
each measured sweep point the offset to the expected values is determined. If normali-
zation is activated, the offsets in the reference trace are removed from the current
measurement results to compensate for the inherent distortions.

Reference line

The reference line is defined by the Reference Value and Reference Position in the
"External Generator" > "Source Calibration" settings. It is similar to the Reference
Level defined in the "Amplitude" settings. However, as opposed to the reference level,
this reference line only affects the y-axis scaling in the diagram, it has no effect on the
expected input power level or the hardware settings.

The reference line determines the range and the scaling of the y-axis, just as the refer
ence level does.

The normalized reference trace (0 dB directly after calibration) is displayed on this ref-
erence line, indicated by a red line in the diagram. By default, the reference line is dis-
played at the top of the diagram. If you shift the reference line, the normalized trace is
shifted, as well.

Shifting the reference line (and normalized trace)

You can shift the reference line - and thus the normalized trace - in the result display by
changing the Reference Position or the Reference Value .

If the DUT inserts a gain or an attenuation in the measurement, this effect can be
reflected in the result display on the R&S FSW. To reflect a power offset in the mea-
surement trace, change the Reference Value .

For a detailed example see Chapter 7.2.4.5, "Measurement Example: Calibration with
an External Generator", on page 401.

Coupling the Frequencies

As described in "Normalization" on page 384, normalized measurement results are
very accurate as long as the same settings are used as for calibration. Although
approximate normalization is possible, it is important to consider the required frequen-
cies for calibration in advance. The frequencies and levels supported by the connected
signal generator are provided for reference with the interface configuration.

Two different methods are available to define the frequencies for calibration, that is to
couple the frequencies of the R&S FSW with those of the signal generator:

® Manual coupling: a single frequency is defined

e Automatic coupling: a series of frequencies is defined (one for each sweep
point), based on the current frequency at the RF input of the R&S FSW; the RF fre-
quency range covers the currently defined span of the R&S FSW (unless limited by
the range of the signal generator)
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Automatic coupling

If automatic coupling is used, the output frequency of the generator (source frequency)
is calculated as follows:

Numerator
Denomin ator

F Generator — F Analyzer +F Offset

Equation 7-1: Output frequency of the generator

Where:

Fcenerator = OUtput frequency of the generator

Fanayzer = current frequency at the RF input of the R&S FSW
Numerator = multiplication factor for Fanayyzer

Denominator = division factor for Fanaiyzer

Fofset = frequency offset for Fan,.er, for example for frequency-converting measure-
ments or harmonics measurements

The value range for the offset depends on the selected generator. The default setting is
0 Hz. Offsets other than 0 Hz are indicated by the "FRQ" label in the channel bar (see
also "Displayed Information and Errors" on page 388).

Swept frequency range

The Fanayzer Values for the calibration sweep start with the start frequency and end with
the stop frequency defined in the "Frequency" settings of the R&S FSW. The resulting
output frequencies ( Result Frequency Start and Result Frequency Stop ) are dis-
played in "External Generator" > "Measurement Configuration" for reference.

If the resulting frequency range exceeds the allowed ranges of the signal generator, an
error message is displayed (see "Displayed Information and Errors" on page 388) and

the Result Frequency Start and Result Frequency Stop values are corrected to comply
with the range limits.

The calibration sweep nevertheless covers the entire span defined by the R&S FSW;
however, no input is received from the generator outside the generator's defined limits.

TTL synchronization

Some Rohde & Schwarz signal generators support TTL synchronization when connec-
ted via GPIB. The TTL interface is included in the AUX control connector of the Exter-
nal Generator Control option.

When pure GPIB connections are used between the R&S FSW and the signal genera-
tor, the R&S FSW sets the generator frequency for each frequency point individually
via GPIB, and only when the setting procedure is finished, the R&S FSW can measure
the next sweep point.

For generators with a TTL interface, the R&S FSW sends a list of the frequencies to be
set to the generator before the beginning of the first sweep. Then the R&S FSW starts
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the sweep and the next frequency point is selected by both the R&S FSW and the gen-
erator using the TTL handshake line "TRIGGER". The R&S FSW can only measure a
value when the generator signals the end of the setting procedure via the "BLANK"
signal.

Using the TTL interface allows for considerably higher measurement rates than pure
GPIB control, because the frequency stepping of the R&S FSW is directly coupled with
the frequency stepping of the generator.

Reverse sweep

The frequency offset for automatic coupling can be used to sweep in the reverse direc-
tion. To do so, define a negative offset in the external generator measurement configu-
ration. (Note that the frequency is defined as the unsigned value of the equation, thus a
negative frequency is not possible.)

Example: Example for reverse sweep
F Analyzerstar= 100 MHz

F Analyzerstop = 200 MHz

Fosset = -300 MHz

Numerator = Denominator = 1

~F Generatorstart = 200 MHz

~F Generatorstop = 100 MHz

If the offset is adjusted so that the sweep of the generator crosses the minimum gener-
ator frequency, a message is displayed in the status bar ("Reverse Sweep via min. Ext.
Generator Frequency!").

Example: Example for reverse sweep via minimum frequency
F analyzerstart= 100 MHz

F Analyzerstop = 200 MHz

Fortset = -150 MHz

Fmin = 20 MHz

Numerator = Denominator = 1

~F Generatorstart = 90 MHz

_’FGeneratorStop =50 MHz via F,

Displayed Information and Errors

Channel bar

If external generator control is active, some additional information is displayed in the
channel bar.
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Label Description

EXT TG: <source power> External generator active; signal sent with <source power> level

LVL Power Offset (see " Source Offset " on page 393

FRQ Frequency Offset (see "(Automatic) Source Frequency (Numerator/Denomi-

nator/Offset)" on page 394

NOR Normalization on;

No difference between reference setting and measurement

APX (approximation) Normalization on;

Deviation from the reference setting occurs

- Aborted normalization or no calibration performed yet

Error and status messages

The following status and error messages may occur during external generator control.

Message Description
"Ext. Generator GPIB Handshake Error!" / Connection to the generator is not possible, e.g. due to a
"Ext. Generator TCPIP Handshake Error!" / cable damage or loose connection or wrong address.

"Ext. Generator TTL Handshake Error!"

"Ext. Generator Limits Exceeded!" The allowed frequency or power ranges for the generator
were exceeded.

"Reverse Sweep via min. Ext. Generator Fre- Reverse sweep is performed; frequencies are reduced to
quency!" the minimum frequency, then increased again; see
"Reverse sweep" on page 388

"Ext. Generator File Syntax Error!" Syntax error in the generator setup file (see "Generator
Setup Files" on page 383

"Ext. Generator Command Error!" Missing or wrong command in the generator setup file
(see "Generator Setup Files" on page 383

"Ext. Generator Visa Error!" Error with Visa driver provided with installation (very
unlikely)
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Overloading

At a reference level of -10 dBm and at an external generator output level of the same
value, the R&S FSW operates without overrange reserve. That means the R&S FSW is
in danger of being overloaded if a signal is applied whose amplitude is higher than the
reference line. In this case, either the message "RF OVLD" for overload or "IF OVLD"
for exceeded display range (clipping of the trace at the upper diagram border = over-
range) is displayed in the status line.

Overloading can be avoided as follows:

® Reducing the output level of the external generator (" Source Power " on page 393
in "External Generator > Measurement Configuration")

® |ncreasing the reference level ( Reference Level in the "Amplitude" menu)

7.24.3

External Generator Control Settings

Access: [INPUT/OUPUT] > "External Generator Config"

The "External Generator" settings are available if the R&S FSW External Generator
Control option is installed. For each measurement channel, you can configure one
external generator. To switch between different configurations, define multiple mea-
surement channels.

For more information on external generator control, see Chapter 7.2.4.2, "Basics on
External Generator Control", on page 379.

e Interface Configuration Settings........cccooiiiiiiiiii 390
o  Measurement SEtliNGS......oocuuiii i 392
o Source Calibration FUNCHONS.......ccoiiiiiiiiiiiiieie et 395

Interface Configuration Settings

Access: [INPUT/OUPUT] > "External Generator Config" > "Interface Configuration" tab

Input Source Power Sensor External Generator Probes
Interf

Configuration Generator Type SMUO2 Frequency Min
Interface Interface GPIB Frequency Max

Configuration
TTL Handshake . Level Min

Source Level M

Reference Internal ~

Edit Generator Setup File

|
Measurement
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For more information on configuring interfaces, see Chapter 12.1.1, "Remote Control
Interfaces and Protocols", on page 725.

(1=t oLt o (o] Y/ o1 PP PP PPPPPP P PPRPPPPN: 391
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GPIB Address / TCPIP Address / Computer Name ........cccceeeeiiiiicniiiieeeieee e e ee e s 391
L= (=Y =T ot RSP 392
Edit Generator SEtUP File ........uiiiiiiiieieiee e 392
Frequency Min / FreqUeNCY MaX ........cooiueieiieiaiiiee ittt saee e 392
LeVel MiN / LEVEI IMIAX ...ttt e e e e e e e e e e e e e e e eennns 392

Generator Type
Selects the generator type and thus defines the generator setup file to use.

For an overview of supported generators, see "Overview of Supported Generators"
on page 382. For information on generator setup files, see "Generator Setup Files"
on page 383.

Remote command:
SYSTem:COMMunicate:RDEVice:GENerator<gen>:TYPE on page 1075

Interface
Type of interface connection used. The following interfaces are currently supported:

° GPIB
® TCP/IP (not by all generators)

For details on which signal generators support which interfaces, see the documenta-
tion of the corresponding signal generator.

Remote command:
SYSTem:COMMunicate:RDEVice:GENerator<gen>:INTerface on page 1074

TTL Handshake
If available for the specified generator type, this option activates TTL synchronization
via handshake for GPIB connections.

Using the TTL interface allows for considerably higher measurement rates than pure
GPIB control, because the frequency stepping of the R&S FSW is directly coupled with
the frequency stepping of the generator.

For more information on TTL synchronization, see "TTL synchronization" on page 387.

For an overview of which generators support TTL synchronization see "Overview of
Supported Generators" on page 382.

Remote command:
SYSTem:COMMunicate:RDEVice:GENerator<gen>:LINK on page 1074

GPIB Address / TCPIP Address / Computer Name
For LAN connections: TCP/IP address of the signal generator

For GPIB connections: GPIB address of the signal generator.
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Remote command:
SYSTem:COMMunicate:GPIB:RDEVice:GENerator<gen>:ADDRess on page 1074
SYSTem:COMMunicate:TCPip:RDEVice:GENerator<gen>:ADDRess

on page 1075

Reference
Selects the internal R&S FSW or an external frequency reference to synchronize the
R&S FSW with the generator (default: internal).

Remote command:
SOURce<si>:EXTernal<gen>:ROSCillator[:SOURce] on page 1073

Edit Generator Setup File
Displays the setup file for the currently selected Generator Type in read-only mode in
an editor.

Although the existing setup files are displayed in read-only mode in the editor, they can
be saved under a different name (using "File > SaveAs").

Be careful, however, to adhere to the required syntax and commands. Errors are only
detected and displayed when you try to use the new generator (see also "Displayed
Information and Errors" on page 388).

For details, see "Generator Setup Files" on page 383.

Frequency Min / Frequency Max
For reference only: Lower and upper frequency limit for the generator.

Level Min / Level Max
For reference only: Lower and upper power limit for the generator.
Measurement Settings

Access: [INPUT/OUPUT] > "External Generator Config" > "Measurement Configura-
tion" tab
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Input Source Power Sensor External Generator Probes

Measurement

Configuration o, o grate on Off

Interface Source Power -20.0 dBm
Configuration
Source Offset 0.0dB

Source
Calibration

Frequency Coupling

Coupling State EE

Source Freq. = RF *

Denominator !

Result Frequency Start

Result Frequency Stop

SOUICE STALE ..t e e e e e e e e e 393
SOUICE POWET ...ttt e e e e e e e e e e e e e e e e e e e e e e e e e nnnnnees 393
SOUICE OFfSEL ...ttt e e e e e e e e e e e ee e e e e e e e e e e e e aaennnes 393
Source FrequenCy COUPING.....c.uuiiii it 394
(Manual) SOUrCE FrEQUENCY......uuiiiieieeeiieiccceiieter e e e e e e s s e s e e e e e e e e e e s sssnnnreneneeeeaeaens 394
(Automatic) Source Frequency (Numerator/Denominator/Offset)............ccccccvvvvinnneen. 394
Result FrequenCy Start ..........ooo oot 395
RESUIt FreqUENCY STOP ..oiiiiiiiiiiieiceee e e e e e e e e e e e e e e e 395

Source State
Activates or deactivates control of an external generator.

Remote command:
SOURce<si>:EXTernal<gen>|[:STATe] on page 1072

Source Power
The output power of the external generator. The default output power is -20 dBm. The
range is specified in the data sheet.

Remote command:
SOURce<si>:EXTernal<gen>:POWer [:LEVel] on page 1072

Source Offset

Constant level offset for the external generator. Values from -200 dB to +200 dB in 1
dB steps are allowed. The default setting is 0 dB. Offsets are indicated by the "LVL"
label in the channel bar (see also "Displayed Information and Errors" on page 388).

|
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Using this offset, attenuators or amplifiers at the output connector of the external gen-
erator can be taken into account. This is useful, for example, for the displayed output
power values on screen or during data entry. Positive offsets apply to an amplifier,
while negative offsets apply to an attenuator after the external generator.

Remote command:
SOURce<si>:POWer[:LEVel] [:IMMediate] : OFFSet on page 1073

Source Frequency Coupling
Defines the frequency coupling mode between the R&S FSW and the generator.

For more information on coupling frequencies, see "Coupling the Frequencies"
on page 386.

"Auto" Default setting: a series of frequencies is defined (one for each
sweep point), based on the current frequency at the RF input of the
R&S FSW (see "(Automatic) Source Frequency (Numerator/Denomi-
nator/Offset)" on page 394). The RF frequency range covers the cur-
rently defined span of the R&S FSW (unless limited by the range of
the signal generator).

"Manual" The generator uses a single fixed frequency, defined by (Manual)
Source Frequency which is displayed when you select "Manual" cou-
pling.

Remote command:

SOURce<si>:EXTernal<gen>:FREQuency:COUPling[:STATe] on page 1070

(Manual) Source Frequency
Defines the fixed frequency to be used by the generator.

Remote command:
SOURce<si>:EXTernal<gen>:FREQuency on page 1069

(Automatic) Source Frequency (Numerator/Denominator/Offset)
With automatic frequency coupling, a series of frequencies is defined (one for each
sweep point), based on the current frequency at the RF input of the R&S FSW.

However, the frequency used by the generator may differ from the input from the
R&S FSW. The RF frequency can be multiplied by a specified factor, or a frequency
offset can be added, or both.

Note: The input for the generator frequency is not validated, i.e. you can enter any val-
ues. However, if the allowed frequency ranges of the generator are exceeded, an error
message is displayed on the R&S FSW. The values for Result Frequency Start and
Result Frequency Stop are corrected to comply with the range limits.

The value range for the offset depends on the selected generator. The default setting is
0 Hz. Offsets <> 0 Hz are indicated by the "FRQ" label in the channel bar. Negative
offsets can be used to define reverse sweeps.

For more information on coupling frequencies and reverse sweeps, see "Coupling the
Frequencies" on page 386. For more information on error messages and the channel
bar, see "Displayed Information and Errors" on page 388.
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Remote command:
SOURce<si>:EXTernal<gen>:FREQuency|[:FACTor] :DENominator

on page 1070

SOURce<si>:EXTernal<gen>:FREQuency[:FACTor] :NUMerator on page 1071
SOURce<si>:EXTernal<gen>:FREQuency:0FFSet on page 1071

Result Frequency Start
For reference only: The start frequency for the generator, calculated from the config-
ured generator frequency and the start value defined for the R&S FSW.

Result Frequency Stop
For reference only: The stop frequency for the generator, calculated from the config-
ured generator frequency and the stop value defined for the R&S FSW.

Source Calibration Functions

Access: [INPUT/OUPUT] > "External Generator Config" > "Source Calibration" tab

The calibration functions of the external generator are available only if external genera-
tor control is active (see " Source State " on page 393).

Input Source Power Sensor External Generator Probes

Meaasurement

Configuration —
Transmission

Interface Reflection Short
Configuration

Reflection Open

Source
Calibration

Calibrate TranSMUSSION. ... ccciiiiitei et e e e e et e e e e e s ee b e e e e eresaaaeeeseesanas 396
Calibrate Reflection SNOr...........ooiiiiiiiee e 396
Calibrate Reflection OPeN...... ... e i 396
Source Calibration NOrmMaAliZE ......c..uueeiiiiieeieee e e 396
= oz | N 396

|
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Calibrate Transmission
Starts a transmission type measurement to determine a reference trace. This trace is
used to calculate the difference for the normalized values.

For details, see "Calibration Mechanism" on page 383.

Remote command:
[SENSe: ] CORRection:METHod on page 1077

Calibrate Reflection Short
Starts a short-circuit reflection type measurement to determine a reference trace for
calibration.

If both calibrations (open circuit, short circuit) are carried out, the calibration trace is
calculated by averaging the two measurements. The order of the two calibration mea-
surements is irrelevant.

Remote command:

[SENSe: ] CORRection:METHod on page 1077

Selects the reflection method.
[SENSe:]CORRection:COLLect [:ACQuire] on page 1076
Starts the sweep for short-circuit calibration.

Calibrate Reflection Open
Starts an open-circuit reflection type measurement to determine a reference trace for
calibration.

If both reflection-type calibrations (open circuit, short circuit) are carried out, the refer-
ence trace is calculated by averaging the two measurements. The order of the two cali-
bration measurements is irrelevant.

Remote command:

[SENSe:]CORRection:METHod on page 1077

Selects the reflection method.
[SENSe:]CORRection:COLLect [:ACQuire] on page 1076
Starts the sweep for open-circuit calibration.

Source Calibration Normalize

Switches the normalization of measurement results on or off. This function is only
available if the memory contains a reference trace, that is, after a calibration has been
performed.

For details on normalization, see "Normalization" on page 384.

Remote command:
[SENSe:]CORRection[:STATe] on page 1078

Recall

Restores the settings that were used during source calibration. This can be useful if
instrument settings were changed after calibration (e.g. center frequency, frequency
deviation, reference level, etc.).
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Remote command:
[SENSe: ] CORRection:RECall on page 1078

Save as Trd Factor

Uses the normalized measurement data to generate a transducer factor. The trace
data is converted to a transducer with unit dB and stored in a file with the specified
name and the suffix . trd under

"C:\Program Files (x86)\Rohde-Schwarz\FSW\<version>\trd". The fre-
quency points are allocated in equidistant steps between start and stop frequency. The
generated transducer factor can be further adapted using the "Transducer" softkey in
the [SETUP] menu.

For more information on transducers, see Chapter 11.3.1, "Basics on Transducer Fac-
tors", on page 671.

This function is only available if Source Calibration Normalize is switched on.

Note: Note that the normalized measurement data is used, not the reference trace!
Thus, if you store the normalized trace directly after calibration, without changing any
settings, the transducer factor will be 0 dB for the entire span (by definition of the nor-
malized trace).

Remote command:
[SENSe:]CORRection:TRANsducer:GENerate on page 1078

Reference Position

Defines the position of the Result Frequency Stop in percent of the total y-axis range.
The top of the diagram is 100%, the bottom is 0%. By default, the 0 dB line is displayed
at the top of the diagram (100%).

This setting is only available if normalization is on (see " Source Calibration Normalize
"on page 396).

The reference line defined by the reference value and reference position is similar to
the Reference Level defined in the "Amplitude" settings. However, this reference line
only affects the y-axis scaling in the diagram, it has no effect on the expected input
power level or the hardware settings.

The normalized trace (0 dB directly after calibration) is displayed on this reference line,
indicated by a red line in the diagram. If you shift the reference line, the normalized
trace is shifted, as well.

Remote command:
DISPlay[:WINDow<n>] : TRACe<t>:Y[:SCALe] :RPOSition on page 1022

Reference Value
Defines the reference value to be displayed at the specified Result Frequency Start .

This setting can be used to shift the reference line and thus the normalized trace, simi-
lar to the Shifting the Display ( Offset ) defined in the "Amplitude" settings shifts the ref-
erence level in the display.

Shifting the normalized trace is useful, for example, to reflect an attenuation or gain
caused by the measured DUT. If you then zoom into the diagram around the normal-
ized trace, the measured trace still remains fully visible.
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Remote command:
DISPlay[:WINDow<n>] [:SUBWindow<w>] :TRACe<t>:Y[:SCALe] :RVALue
on page 1076

7.2.4.4 How to Work With External Generator Control

The following step-by-step instructions demonstrate how to work with the optional
External Generator Control.

For remote operation, see "Programming Example for External Generator Control"
on page 1078.

e How to Calibrate a Measurement Setup using an External Generator................. 398

e How to Remove the Effects of a Particular Component from Measurement Results
USING Calibration..........ueeeeiiiieiiic e e e e e e e e e e e e e e e 400

e How to Compensate for Additional Gain or Attenuation after Calibration............. 400

How to Calibrate a Measurement Setup using an External Generator

1. Connect the signal generator's GPIB interface connector to the "Ext. Gen.Control
GPIB" connector on the rear panel of the R&S FSW.

2. Connect the signal generator output to the "RF input" connector of the R&S FSW.

3. If the signal generator supports TTL synchronization, connect the signal generator
to the optional"Aux.Control" port.

4. If the measurement setup does not require the full span of the R&S FSW, change
the "Frequency Start" and "Frequency Stop" values ([FREQ] key > "Frequency
Config" softkey).

5. Press the [INPUT/OUTPUT] key and select "External Generator Config".

6. In the "Interface Configuration" subtab, select the "Generator Type" connected to
the R&S FSW.
If the required generator type is not available, define a new setup file as described
in "To define a new generator setup file" on page 399.

7. Select the type of interface and the address used to connect the generator to the
R&S FSW.

8. If the generator supports "TTL Synchronization", activate this function.

9. Select "Reference: External" to synchronize the analyzer with the generator.
10. Switch to the "Measurement Configuration" subtab.

11. Set the "Source State" to "On".

12. Define the generator output level as the "Source Power".
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13. Optionally, to define a constant level offset for the external generator, define a
"Source Offset".

14. The default frequency list for the calibration sweep contains 1001 values, divided in
equi-distant frequencies between the R&S FSW's start and stop frequency. For
most cases, this automatic coupling should be correct. Check the "Result Fre-
quency Start" and "Result Frequency Stop" values to make sure the required mea-
surement span is covered. If necessary, change the frequency settings on the
R&S FSW ([FREQ] key > "Frequency Config" softkey), or use a different generator

type.
15. Switch to the "Source Calibration" subtab.

16. Select the "Source Calibration Type": "Transmission" to perform a calibration
sweep and store a reference trace for the measurement setup.

17. Select "Source Calibration Normalize": "On".

18. Optionally, shift the reference line further down in the result display by descreasing
the "Reference": "Position".

The measurement setup is now calibrated. Subsequent measurement results are
normalized, so that any unwanted effects from the cables and connectors are
removed.

To define a new generator setup file
1. Press the [INPUT/OUTPUT] key and select "External Generator Config".

2. In the "Interface Configuration" subtab, select a generator type that has similar
characteristics (frequency and power ranges).

3. Select "Edit Generator Setup File".
The configuration file for the selected generator type is displayed (read-only) in an
editor.

4. Edit the configuration values according to your generator. Be sure not to change
the syntax of the file - only change the values of the parameters.
Errors will only be detected and displayed when you try to use the new generator
(see also "Displayed Information and Errors" on page 388).

5. Save the file under a different name with the extension . gen:

a) In the editor, select "File > SaveAs".
b) Select "Save as type: All Files (*.*)".
c) Specify a name with the extension . gen.

6. Inthe R&S FSW firmware, close the "External Generator Config" dialog and re-
open it.

Now you can select the new generator type from the selection list on the "Interface
Configuration" tab.
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How to Remove the Effects of a Particular Component from Measurement
Results Using Calibration

1. Set up the measurement, including the component, and perform a calibration as
described in "How to Calibrate a Measurement Setup using an External Generator"
on page 398.

2. After setting "Source Calibration Normalize": "On", select "Save as Trd Factor" to
store the normalized reference trace as a transducer factor.

3. If necessary, switch to another measurement channel for a different R&S FSW
application.

4. Press the [Setup] key, then select the "Transducer" softkey.

5. Select the stored transducer in the list of available transducers and select the
"Active" setting for it.

6. Perform any measurement with the setup that contains the calibrated component.

The measurement results do not include the effects from the component.

How to Compensate for Additional Gain or Attenuation after Calibration

If a gain or an attenuation is inserted in the measurement after calibration, this effect
can be reflected in the display of the normalized trace on the R&S FSW. Thus, the
measured trace and the normalized trace are not so far apart in the display, so that you
can zoom into the normalized trace without cropping the measurement trace.

Prerequisite: a calibration has been performed for the original measurement setup,
except for the component causing an additional gain or attenuation (as described in
"How to Calibrate a Measurement Setup using an External Generator" on page 398)

1. Insert the additional component in the calibrated measurement setup and perform
a new measurement.

2. Press the [INPUT/OUTPUT] key and select "External Generator Config".
3. Switch to the "Source Calibration" subtab.

4. With active normalization, set the "Reference":"Value" to the same value as the
gain or attenuation the inserted component causes.

5. Optionally, shift the reference line further down in the result display by decreasing
the "Reference": "Position".

The normalized reference trace moves to the position of the measured trace.

6. Optionally, zoom into the measured trace by changing the y-axis scaling (or the
range: "AMPT > Scale Config > Range").

The measured trace is still fully visible, and the absolute values are still valid.

|
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7.2.4.5 Measurement Example: Calibration with an External Generator
The following measurement example demonstrates the most common functions using
an external generator. This example requires the External Generator Control option.

The example assumes an SMW100A generator is connected to the R&S FSW. A band
elimination filter is the device under test. After calibration, an additional attenuator is
inserted between the DUT and the R&S FSW.

The following procedures are described:

e "Calibrating the measurement setup" on page 401
® "Measuring the effects of the DUT" on page 402
® "Compensating the effects of additional attenuation after calibration" on page 404

Calibrating the measurement setup

1. Connect the signal generator's GPIB interface connector to the [Ext. Gen.Control
GPIB] connector on the rear panel of the R&S FSW.

2. Connect the signal generator output to the [RF input] connector of the R&S FSW.

3. Adapt the measurement range of the R&S FSW to the filter to be tested. In this
measurement, define the following settings:

a) Press the [FREQ] key, select "Frequency Config" and enter "Frequency Start":
100 MHz.
b) Enter "Frequency Stop": 300 MHz

Press the [INPUT/OUTPUT] key and select "External Generator Config".

In the "Interface Configuration" sub-tab, select "Generator Type":"SMWO06".
Select "Reference: External" to synchronize the analyzer with the generator.
Switch to the "Measurement Configuration” sub-tab.

Set the "Source State" to "On".

© ©®© N o o &

Define the generator output level as the "Source Power": -20 dBm.

10. Set the "Coupling State" to "Auto".

The "Result Frequency Start" value for the generator is indicated as 100.0 MHz.
The "Result Frequency Stop" value is indicated as 300.0 MHz.

11. Switch to the "Source Calibration" sub-tab.

12. Select the "Source Calibration Type": "Transmission" to perform a calibration
sweep and store a reference trace for the measurement setup.
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Multiview == Spectrum !

RBW 2 MHz
Sms VWBW 2MHz Mode Suto Sweep

1001 pts e 300,00 MHz

Figure 7-7: Measurement results from generator, analyzer and connecting cables

13. Select "Source Calibration Normalize": "On" to set the measurement results for the
current setup to 0, thus eliminating all effects from the generator, the analyzer and
the connecting cables from subsequent measurements with the band elimination
filter.

The reference line is displayed at 0 dB at the top of the diagram (100%).

MultiView 2= Spectrum !

REBW 2 MHz
Ims VBW 2MHz Mode futo

1000 MHz 1001 pts 20,0 MHz /

Figure 7-8: Normalized measurement results after calibration

Measuring the effects of the DUT

After calibration we can insert the band elimination filter (our DUT) in the measurement
setup.

1. Connect the signal generator output to the band elimination filter.
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2. Connect the band elimination filter output to the [RF input] connector of the
R&S FSW.

Multiview 32 Spectrum !

RBW 2 MHZz
Zms VBW 2MHz Mode Suto Sweep

100,0 MHz 1001 prs 20,0 MHz/ 300.0 MHz

Figure 7-9: Band elimination filter results

3. Shift the reference line from the top of the diagram to the middle of the diagram by
changing the position of the reference point 0.0 dB to 50 %.
In the "Source Calibration" tab, enter "Position": 50 %.

At the same time, the range of the displayed y-axis moves from [-100.0 dB to 0 dB]
to [-50 dB to +50 dB].

Multiview 32 Spectrum !

RBW 2 bz
Ims VBW 2MHz Mode Suta Sweep

L Frequency Sweep #1538 Clrw

1000 MHz 1001 prs 20.0 MHz / 300, 0 MHZ

Figure 7-10: Reference line shifted to middle of diagram (50%)

e
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Compensating the effects of additional attenuation after calibration

After calibration, an additional attenuator is inserted between the DUT and the

R&S FSW. This may be necessary, for example, to protect the analyzer's input connec-
tor. Nevertheless, we are only interested in the effects of the DUT, not those of the
additional protective attenuator. Thus, we will compensate these effects in the result
display on the R&S FSW by moving the reference line.

1. Connect a 3 dB attenuator between the band elimination filter output and the [RF
input] connector on the R&S FSW.

The measurement results are now 3 dB lower.

Multiview 22 Spectrum ! #

RBW 2 MHz
VBW 2 MHz Mode Suto Sweep

100,0 MHz 1001 pts 20,0 M |,._r|,-" 200.0 MHz

Figure 7-11: Measurement results with additional attenuator

2. Inthe "Source Calibration" tab, enter "Reference Value":-3 dB.

The reference line is shifted down by 3 dB so that the measurement trace is dis-
played on the reference line again.

At the same time, the scaling of the y-axis is changed: -3 dB are now shown at
50% of the diagram; the range is [-563 dB to +47 dB].
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Multiview 32 Spectrum ! #
Fraf Law RBW 2 MHz

Att % SWT 3ms  VBW 2MHz Mode &
MCF:

1001 pts

Figure 7-12: Reference line with an offset of -3 dB and shifted to middle of diagram (50%)

3. After the reference trace has been shifted, you can zoom into the measured trace
to determine the offsets to the reference line, which represent the effects of the
band elimination filter in the measurement setup.

Change the y-axis scaling to 1 dB/div (or the range to 10 dB).

a) Press the [AMPT] key, then select "Scale Config" > "Range".
b) Enter 70 dB.

MultivView =2 Spectrum !

Ref Level RBW 2 MHz
A ims  VBW 2 MHz

& {53 Clrw

1001 pts

Figure 7-13: Reference line with measurement results using larger scale

s
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Optional External Mixers

If the R&S FSW External Mixer option is installed, an external mixer can be connected
to the R&S FSW to increase the available frequency range. In this case, the input to
measure is not taken from the RF input connector, but from the [Ext Mixer] connec-
tor(s).

o Basics on EXternal MIXErS.......ccoi it 406
o External Mixer SettiNgS.......cccccuviiiiiiiiiie e 416
e How to Work with External MiXers..........ccceieieieiiiiiieeeeeeee e 426
e Measurement Examples: Using an External MiXer.............cccccoeeviiiiiiiieivivvivvnennnn, 429

Basics on External Mixers

Some background knowledge on basic terms and principles used with external mixers
is provided here for a better understanding of the required configuration settings.
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Frequency Ranges

In a common spectrum analyzer, rather than providing one large (and thus inaccurate)
filter, or providing several filters to cover the required frequency range of the input sig-
nal (at a high cost), a single, very accurate filter is used. Therefore, the input signal
must be converted to the frequencies covered by the single accurate filter. This is done
by a mixer, which converts and multiplies the frequency of the input signal with the help
of the local oscillator (LO). The result is a higher and lower intermediate frequency (IF).
The local oscillator can be tuned within the supported frequency range of the input sig-
nal.

In order to extend the supported frequency range of the input signal, an external mixer
can be used. In this case, the LO frequency is output to the external mixer, where it is
mixed with the RF input from the original input signal. In addition, the harmonics of the
LO are mixed with the input signal, and converted to new intermediate frequencies.
Thus, a wider range of frequencies can be obtained. The IF from the external mixer is
then returned to the spectrum analyzer.

The frequency of the input signal can be expressed as a function of the LO frequency
and the selected harmonic of the first LO as follows:

fin=n*fo+fr

Where:

fin: Frequency of input signal

n: Order of harmonic used for conversion

fLo: Frequency of first LO: 7.65 GHz to 17.45 GHz
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fie: Intermediate frequency (variable; defined internally depending on RBW and span)

Thus, depending on the required frequency band, the appropriate order of harmonic
must be selected. For commonly required frequency ranges, predefined bands with the
appropriate harmonic order setting are provided. By default, the lowest harmonic order
is selected that allows conversion of input signals in the whole band.

For the band "USER", the order of harmonic is defined by the user. The order of har-
monic can be between 2 and 128, the lowest usable frequency being 16.88 GHz.

The frequency ranges for pre-defined bands are described in Table 13-6.

Changes to the band and mixer settings are maintained even after using the [PRESET]
function. A "Preset band" function allows you to restore the original band settings.

Extending predefined ranges

In some cases, the harmonics defined for a specific band allow for an even larger fre-
quency range than the band requires. By default, the pre-defined range is used. How-
ever, you can take advantage of the extended frequency range by overriding the
defined start and stop frequencies by the maximum possible values ("RF Overrange"
option).

Additional ranges

If due to the LO frequency the conversion of the input signal is not possible using one
harmonic, the band must be split. An adjacent, partially overlapping frequency range
can be defined using different harmonics. In this case, the sweep begins using the har-
monic defined for the first range, and at a specified frequency in the overlapping range
("handover frequency"), switches to the harmonic for the second range.

Which harmonics are supported depends on the mixer type.

Two-port and Three-port Mixers

External mixers are connected to the R&S FSW at the LO OUT/IF IN and IF IN con-
nectors.

When using three-port mixers, the LO signal output from the R&S FSW and the IF
input from the mixer are transmitted on separate connectors, whereas for two-port mix-
ers, both signals are exchanged via the same connector (LO OUT/IF IN). Because of
the diplexer contained in the R&S FSW, the IF signal can be tapped from the line which
is used to feed the LO signal to the mixer.

For measurements with a bandwidth larger than 2 GHz and an external mixer, only 3-
port mixers are supported.

For more information see "External Mixers and Large Bandwidth Extension Options"
on page 410.
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Two-port mixer Three-port mixer
IF IM IF IM
o
—®
LO OUT/IE IN LT OUTAFE IN
LOVJIF LO IF
External Extemal
Mixer RF Mixer RF
RF RF
INFUT INFUT

In both cases, the nominal LO level is 15.5 dBm.

Bias Current

Single-diode mixers generally require a DC voltage which is applied via the LO line.
This DC voltage is to be tuned to the minimum conversion loss versus frequency. Such
a DC voltage can be set via the "BIAS" function using the D/A converter of the

R&S FSW. The value to be entered is not the voltage but the short-circuit current. The
current is defined in the "Bias Settings" or set to the value of the conversion loss table
(see " Bias Value " on page 422 and " Bias " on page 425.

U,=-20.+20%

-—

serial data A Uy, =-05..+05Y

-

660 to 'LO OUT /IF IN'

Figure 7-14: Bias circuit of the R&S FSW
The voltage U, at the output of the operational amplifier can be set in the range —2.0 to
+2.0 V. An open-circuit voltage Uy, of —0.5 to +0.5 V is obtained accordingly at the

output of the voltage divider. A short-circuit current of g, = Uy / 200 Q = 10 mA to
+ 10 mA is obtained for a short circuit at the output of the voltage divider. In order to
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use biasing it is not important to know the exact current flowing through the diode since
the conversion loss must be set to a minimum with the frequency. Therefore, it makes
no difference whether the setting is performed by an open-circuit voltage or by a short-
circuit current. A DC return path is ensured via the 66 Q resistor, which is an advant-
age in some mixers.

Conversion Loss Tables

Conversion loss tables consist of value pairs that describe the correction values for
conversion loss at certain frequencies. Correction values for frequencies between the
reference values are obtained by interpolation. Linear interpolation is performed if the
table contains only two values. If it contains more than two reference values, spline
interpolation is carried out. Outside the frequency range covered by the table the con-
version loss is assumed to be the same as that for the first and last reference value
(see Figure 7-15).

Conversion loss
outside the range
covered by the table

Conwrsion loss

¢§!

Figure 7-15: Conversion loss outside the band's frequency range

Predefined conversion loss tables are often provided with the external mixer and can
be imported to the R&S FSW. Alternatively, you can define your own conversion loss
tables. Conversion loss tables are configured and managed in the "Conversion loss
Table Settings" tab of the "External Mixer Configuration” dialog box.

See "Managing Conversion Loss Tables" on page 422 for more information about con-
version loss tables.

When using external mixers with optional bandwidth extensions larger than 512 MHz,
special conversion loss tables are required, see "External Mixers and Large Bandwidth
Extension Options" on page 410.

Importing CVL tables

The conversion loss table to be used for a particular range is also defined in the "Exter-
nal Mixer Configuration" dialog box. All tables stored on the instrument in the
C:\r s\instr\user\cvl\ directory are offered for selection. A validation check is
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then performed on the selected table to ensure that it complies with the settings. In
particular, the following is checked:

® The assigned band name
® The harmonic order
® The mixer type

® The table must contain at least one frequency that lies within the frequency range
for the band

Reference level

The maximum possible reference level depends on the maximum used conversion loss
value. Thus, the reference level can be adjusted for each range according to the used
conversion loss table or average conversion loss value. If a conversion loss value is
used which exceeds the maximum reference level, the reference level is adjusted to
the maximum value permitted by the firmware.

External Mixers and Large Bandwidth Extension Options

If the bandwidth extension options R&S FSW-B1200/-B2001/-B2000 are active, exter-
nal mixers with a bandwidth up to 2 GHz are supported. For information on which mix-
ers are supported for these bandwidth options, see the R&S FSW data sheet. Two-port
mixers are not supported.

If the bandwidth extension option R&S FSW-B5000 is active, some external (three-
port) mixers with a bandwidth up to 5 GHz are supported. For information on which
mixers are supported for these bandwidth options, see the R&S FSW data sheet. Two-
port mixers are not supported. Instrument models 1312.8000Kxx require an additional
hardware option,R&S FSW-U21 or R&S FSW-U85.

Measurements with bandwidths over 512 MHz require special conversion loss tables,
with a .b2g or .b5g file extension. While the common . ac1 files can be used, data
acquisition with larger bandwidths using such conversion loss tables leads to substan-
tial inaccuracy. Using an average conversion loss for the entire range (instead of a
conversion loss table) during data acquisition with the large bandwidth extension
options causes even more inaccuracy. In both cases, the UNCAL status message indi-
cates that the measurement can have inaccurate results.

Special conversion loss tables (in .b2g or .b5g files) cannot be edited within the
R&S FSW firmware; they can only be imported and deleted.

B2000-specific conversion loss tables

A B2000 conversion loss table consists of 43 magnitude correction values (as opposed
to 1 for . ac1 files). To each side of the specific frequency, 21 reference values are
defined with an offset of 25 MHz to 1025 MHz. Thus, correction levels are measured
with a spacing of 50 MHz.

|
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Example:

For example, for the level measured at the frequency 50 GHz, 43 correction levels are
defined:

e 21 for the frequencies 48.075 GHz, 49.125 GHz, 49.175 GHz, ..., 49.975 GHz
e 1 for the frequency 50 GHz
e 21 for the frequencies 50.025 GHz, 50.075 GHz, 50.125 GHz, ..., 51.025 GHz

B2000-specific conversion loss tables are provided in files according to the following
syntax:

<serial no.> MAG <harmonic> B2000.b2g

Phase correction tables

In addition to the magnitude correction tables, B2000 phase correction tables with the
same layout are defined in a separate file. Both files are always delivered as a pair by
the manufacturer of the external mixer. Currently, the R&S FSW uses only the magni-
tude correction files for external mixers; the phase is assumed to be ideal (correction
values are all 0).

B2000-specific phase conversion loss tables are provided in files according to the fol-
lowing syntax:

<serial no.> PHASE <harmonic> B2000.b2g

B5000-specific conversion loss tables

For bandwidths larger than 2 GHz, two different types of conversion loss tables are
available, depending on the required bandwidth:

® For bandwidths <4.4 GHz: table consists of 91 correction values per frequency, for
an IF of 2.8 GHz
The tables are provided in files according to the following syntax:
<serial no.> MAG|PHASE <harmonic> B5000 2G8.b5g

® For bandwidths between 4.4 GHz and 5 GHz: table consists of 103 correction val-
ues per frequency, for an IF of 3.5 GHz
The tables are provided in files according to the following syntax:
<serial no.> MAG|PHASE <harmonic> B5000 3G5.b5g

Currently, the R&S FSW uses only the magnitude correction files; the phase is
assumed to be ideal (correction values are all 0).
Automatic Signal Identification

Automatic signal identification allows you to compare the upper and lower band results
of the mixer, thus detecting unwanted mixer products due to conversion.

Note that automatic signal identification is only available for measurements that per-
form frequency 