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R&S®FSW-K17 Preface

1 Preface

1.1 About this Manual

This Multi-Carrier Group Delay User Manual provides all the information specific to
the application. All general instrument functions and settings common to all applica-
tions and operating modes are described in the main R&S FSW User Manual.

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

® Welcome to the Multi-Carrier Group Delay Application
Introduction to and getting familiar with the application

® About the measurement
General concept of the MCGD measurement and typical applications

® Measurements and Result Displays
Details on supported measurements and their result types

® Measurement Basics
Background information on basic terms and principles in the context of the mea-
surement

® Configuration + Analysis
A concise description of all functions and settings available to configure measure-
ments and analyze results with their corresponding remote control command

® How to Perform Measurements in the Multi-Carrier Group Delay Application
Step-by-step instructions to perform a basic MCGD measurement

® Measurement Examples
Detailed measurement examples to guide you through typical measurement sce-
narios and allow you to try out the application immediately

® Optimizing and Troubleshooting the Measurement
Hints and tips on how to handle errors and optimize the test setup

® Remote Commands for Multi-Carrier Group Delay Measurements
Remote commands required to configure and perform Multi-Carrier Group Delay
measurements in a remote environment, sorted by tasks
(Commands required to set up the environment or to perform common tasks on the
instrument are provided in the main R&S FSW User Manual)
Programming examples demonstrate the use of many commands and can usually
be executed directly for test purposes

® Annex
Reference material

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

® |ndex
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Documentation Overview

1.2 Documentation Overview

The user documentation for the R&S FSW consists of the following parts:

® "Getting Started" printed manual

® Online Help system on the instrument

® User manuals and online manual for base unit and options provided on the product
page

® Service manual provided on the internet for registered users

® Instrument security procedures provided on the product page

® Release notes provided on the product page

e Data sheet and brochures provided on the product page

® Application notes provided on the Rohde & Schwarz website

You find the user documentation on the R&S FSW product page mainly at:
http://www.rohde-schwarz.com/product/FSW > "Downloads" > "Manuals"

Additional download paths are stated directly in the following abstracts of the docu-
mentation types.

Getting Started

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.

Online Help

Offers quick, context-sensitive access to the information needed for operation and pro-
gramming. It contains the description for the base unit and the software options. The
Online Help is embedded in the instrument's firmware; it is available using the % icon
on the toolbar of the R&S FSW.

User Manuals and Online Manual

Separate manuals are provided for the base unit and the software options:

® Base unit manual
Contains the description of the graphical user interface, an introduction to remote
control, the description of all SCPI remote control commands, programming exam-
ples, and information on maintenance, instrument interfaces and error messages.
Includes the contents of the Getting Started manual.

® Software option manuals
Describe the specific functions of the option. Basic information on operating the
R&S FSW is not included.

The online manual provides the contents of the user manuals for the base unit and all
software options for immediate display on the internet.


http://www.rohde-schwarz.com/product/FSW

1.3

1.3.1

Conventions Used in the Documentation

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).

Instrument Security Procedures

Deals with security issues when working with the R&S FSW in secure areas.

Data Sheet and Brochures

The data sheet contains the technical specifications of the R&S FSW. Brochures pro-
vide an overview of the instrument and deal with the specific characteristics, see:

http://www.rohde-schwarz.com/product/FSW > "Downloads" > "Brochures and Data
Sheets"

Release Notes

Describes the firmware installation, new and modified features and fixed issues
according to the current firmware version. You find the latest version at:

http://www.rohde-schwarz.com/product/FSW > "Firmware"

Application Notes, Application Cards, White Papers, etc.

These documents deal with special applications or background information on particu-
lar topics, see:

http://www.rohde-schwarz.com/ > "Downloads" > "Applications".

Conventions Used in the Documentation

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 names are written in capital letters.

File names, commands, File names, 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.



http://www.rohde-schwarz.com/product/FSW
http://www.rohde-schwarz.com/product/FSW
http://www.rohde-schwarz.com/appnotes

Conventions Used in the Documentation

Convention Description

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.

1.3.2 Conventions for Procedure Descriptions

When describing how to operate the instrument, several alternative methods may be
available to perform the same task. In this case, the procedure using the touchscreen
is described. Any elements that can be activated by touching can also be clicked using
an additionally 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 procedures.

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.

1.3.3 Notes on Screenshots

When describing the functions of the product, we use sample screenshots. These
screenshots are meant to illustrate as much as possible of the provided functions and
possible interdependencies between parameters.

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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2 Welcome to the Multi-Carrier Group Delay

2.1

Application

The R&S FSW-K17 option is a firmware application that adds functionality to perform
Multi-Carrier Group Delay measurements to the R&S FSW.

The Multi-Carrier Group Delay application features:

® Highly accurate group delay measurement for large spans
® Orthogonal measurement method
® Frequency converted group delay measurement
® Storage and loading functions for reference data
® Storage functions for measurement settings and results
® Graphical display of:
— Group delay
— Gain
— Magnitude and phase at carrier frequency points in measurement or reference
signal

— Phase difference between measurement and reference signal
® Interactive or remote measurement control

This user manual contains a description of the functionality that the application pro-
vides, including remote control operation.

Functions that are not discussed in this manual are the same as in the Spectrum appli-
cation and are described in the R&S FSW User Manual. The latest version is available
for download at the product homepage.

Installation

You can find detailed installation instructions in the R&S FSW Getting Started manual
or in the Release Notes.

Starting the Multi-Carrier Group Delay Application
The Multi-Carrier Group Delay application adds a new measurement to the R&S FSW.

To activate the Multi-Carrier Group Delay application

1. Press the MODE key on the front panel of the R&S FSW.

A dialog box opens that contains all operating modes and applications currently
available on your R&S FSW.

2. Select the "MC Group Delay" item.


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

2.2

Understanding the Display Information

MC Group Delay

The R&S FSW opens a new measurement channel for the Multi-Carrier Group
Delay application.

The measurement is started immediately with the default settings. It can be configured
in the Multi-Carrier Group Delay "Overview" dialog box, which is displayed when you
select the "Overview" softkey from any menu (see Chapter 6.1, "Configuration Over-
view", on page 25).

Multiple Measurement Channels and Sequencer Function

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.

The number of channels that can be configured at the same time depends on the avail-
able memory on the instrument.

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.

If activated, the measurements configured in the currently active channels are per-
formed one after the other in the order of the tabs. The currently active measurement is
indicated by a €& symbol in the tab label. The result displays of the individual channels
are updated in the tabs (including the "MultiView") as the measurements are per-
formed. Sequential operation itself is independent of the currently displayed tab.

For details on the Sequencer function see the R&S FSW User Manual.

Understanding the Display Information

The following figure shows a measurement diagram during analyzer operation. All dif-
ferent information areas are labeled. They are explained in more detail in the following
sections.
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Multiview 2 Spectrum # GroupDelay

Faf Level 0.00 B Meas Time & ms  Last Ref Cal 2027 18 Group Delay Absclute

ALt 10 o8 Otz Span iz  Rel Cal Freq 0
i e- 1 Cire 2 Phase

CF 1.0 GMHz 100000 ez f Span 1.0 Mblet€F 1.0 GHz Span 1.0 MHz
3 Group Delary wl

000 ki S Span 1.0 MHE

1 = Channel bar for firmware and measurement settings

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

4 = Diagram area

5 = Diagram footer with diagram-specific information, depending on evaluation

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

Channel bar information

In the Multi-Carrier Group Delay application, the R&S FSW shows the following set-

tings:

Table 2-1: Information displayed in the channel bar in the Multi-Carrier Group Delay application
"Ref Level" Reference level

"Att" Mechanical and electronic RF attenuation

"Offset" Reference level offset

"Freq" Center frequency for the RF signal

"Meas Time" Measurement time

"Span" Measurement bandwidth

"Last Ref Cal" Timestamp of most recently performed reference calibration (if it has

already been performed)

"Ref Cal Freq" Frequency used for reference calibration

"Group Delay" Mode of group delay result display (absolute or relative)

"Carrier Offset" Offset of the multi-carrier signal from the center frequency

In addition, the channel bar also displays information on instrument settings that affect
the measurement results even though this is not immediately apparent from the display

User Manual 1173.9405.02 — 15 1



Understanding the Display Information

of the measured values (e.g. transducer or trigger settings). This information is dis-
played only when applicable for the current measurement. For details see the
R&S FSW Getting Started manual.

Window title bar information

For each diagram, the header provides the following information:

1 Magnitude o1 Clrw

@ @ SO

Figure 2-1: Window title bar information in Multi-Carrier Group Delay application

1 = Window number
2 = Window type

3 = Trace color

4 = Trace number

5 = Trace mode

Diagram footer information

The diagram footer (beneath the diagram) contains the center frequency and span and
the range displayed per division.

Status bar information

Global instrument settings, the instrument status and any irregularities are indicated in
the status bar beneath the diagram. Furthermore, the progress of the current operation
is displayed in the status bar.



R&S®FSW-K17 About the Measurement

3 About the Measurement

Frequency delay in transmitted signals

All frequency components of a signal are delayed when passed through a device such
as an amplifier, a loudspeaker, or propagated through space or a medium, such as air.
This signal delay will be different for the various frequencies unless the device has the
property of being linear phase. The delay variation means that signals consisting of
multiple frequency components will suffer distortion because these components are not
delayed by the same amount of time at the output of the device. This changes the
shape of the signal in addition to any constant delay, which can result in a signal that
no longer matches the receiver filter, which in turn results in degraded Signal to Noise
Ratio (SNR) or Bit Error Rate (BER).

Group delay as a characterization of transmission components

The delay of all frequencies together is referred to as the group delay and can be used
to characterize the quality of transmission for such components. Group delay is also a
measure of how long it takes for a signal's information to propagate through a channel
or device under test.

Since digital modulation schemes in which the frequency plays an important role are
very common, the group delay is of special interest to all manufacturers or testers of
transmission components, as well as frequency converters. Satellite transponders, for
example, need to be characterized by the phase transmission in addition to the ampli-
tude transmission. Both values can be determined precisely and easily with the

R&S FSW Multi-Carrier Group Delay application.

The Multi-Carrier Group Delay measurement method

The R&S FSW Multi-Carrier Group Delay application evaluates an input signal provi-
ded by a signal generator. After a preliminary reference measurement of this signal
without the device under test, the same signal is evaluated with the device subse-
quently. Instead of evaluating the timing of the signals, the phase shift and magnitude
response of multiple carriers across frequency is measured. A baseband signal con-
sisting of several unmodulated carriers with a fixed step size is used as an input signal,
allowing for a very quick wideband measurement. By measuring the phase differences
between the two signals at the input and at the output, the application calculates the
relative phase between output and input.

However, the phase of the carriers at the input to the DUT does not actually have to be
measured. Instead, the results are normalized. That way, no reference path or connec-
tion is needed between the input and the output of the DUT. A reference mixer in the
signal generator provides a phase reference at the IF frequency. Thus, a constant
delay factor is eliminated and the group delay is calculated relative to the reference
signal.

If an external trigger is used, the absolute group delay can also be calculated. Absolute
group delay is of interest for instance to equalize the delay of two channels, character-
ize cables and design quadrature FM demodulators.

HE
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Figure 3-1: Multi-Carrier Group Delay Measurement Setup
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4 Measurements and Result Display

The data that was measured by the R&S FSW can be evaluated using various different
methods. In the Multi-Carrier Group Delay application, up to 6 evaluation methods can
be displayed simultaneously in separate windows.

All results are determined from the 1/Q data set captured for the measurement.

Storing Results

The results of the Multi-Carrier Group Delay measurement can be stored to a file,
either in CSV or ASCII format. The results of the calibration (reference) measurement
can also be stored in CSV format.

e Evaluation Methods for Multi-Carrier Group Delay...........euuvieiiecciiiiiiieieeieeeeeeeeee, 15

4.1 Evaluation Methods for Multi-Carrier Group Delay

The following evaluation methods can be selected for Multi-Carrier Group Delay mea-

surements.

Y=o T (8 o [ TP PP UPPPRT R PRPPI 15
Magnitude REFEIENCE. .......coiiiiiiiii et 16
[ 0= 1T T PSSR PTPPPPRR 16
Phase DIiffErENCe. ......uuei ettt e e e e e e e e e e e e e 16
Phase REEIENCE........ceeeiee ettt e e e et e e e e e eeranns 17
(€T 0T oI D=1 = SRR 17
[ 11 N 18
=T = A 1= o] =R 18
Magnitude

Displays the spectrum of the input signal. In contrast to the Spectrum application, the
frequency values are determined using an Discrete frequency transformation (DFT)
from the recorded I/Q data set.

1 Magnitude

CF 1.0 GH=z Span 1.0 MEz
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R&S®FSW-K17 Measurements and Result Display
________________________________________________________________________________________________________________________________________________________|

Remote command:
LAY:ADD? '1l',RIGH,MAGN
(see LAYout :ADD[:WINDow] ? on page 116)

Magnitude Reference
Displays the spectrum of the reference signal. In contrast to the Spectrum application,
the frequency values are determined using DFT from the recorded 1/Q data set.

4 Magnitude Reference

CF 1.0 GHz 100.0 kHz/ Span 1.0 MHz

Remote command:
LAY:ADD? '1',RIGH,RMAG
(see LAYout:ADD[:WINDow] ? on page 116)

Phase
Displays the phase deviations of the measured signal (in rad or °) versus frequency.

2 Phase

100.0 kHz/ Span 1.0 MHz

Remote command:
LAY:ADD? '1l',RIGH, PHAS
(see LAYout:ADD[:WINDow] ? on page 116)

Phase Difference
Displays the phase difference (in rad or °) between the measured signal and the cali-
bration (reference) signal vs frequency.

[
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R&S®FSW-K17 Measurements and Result Display

Phase Difference

CF 1.0 GH=z 5.0 MHz/ Span 50.0 MHz

Note: This result display requires a calibration measurement (see "Calibrate (Execute
Reference Calibration)" on page 50).

Remote command:
LAY:ADD? '1',RIGH,DPHase
(see LAYout:ADD[:WINDow] ? on page 116)

Phase Reference
Displays the phase deviations of the reference signal (in rad or °) versus frequency.

I5Phase Reference o1 Clrw

CF 1.0 GHz 100.0 kHz/ Span 1.0 MHz

Remote command:
LAY:ADD? '1',RIGH,RPH
(see LAYout :ADD[:WINDow] ? on page 116)

Group Delay
Displays the time deviations of the signal versus frequency.

Note: This result display requires a calibration measurement (see "Calibrate (Execute
Reference Calibration)" on page 50).

[
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roup Delay

100.0 kHz/ Span 1.0 MHz

Remote command:
LAY:ADD? '1l',RIGH,GDEL
(see LAYout :ADD[:WINDow] ? on page 116)

Gain
Displays the gain in magnitude from the reference trace to the measurement trace in
dB or percent. This diagram characterizes the transmission behavior of the DUT.

Note: This result display requires a calibration measurement (see "Calibrate (Execute
Reference Calibration)" on page 50).

CF 1.0 GHz 1.89 MHz/ Span 18.9 MHz

Remote command:
LAY:ADD? '1',RIGH,GAIN
(see LAYout:ADD[:WINDow] ? on page 116)

Marker Table
Displays a table with the current marker values for the active markers.

This table may be displayed automatically if configured accordingly (see "Marker Table
Display" on page 65).

4 Marker Table===
wnd = Type X-value

1 ] 13.25 GH:z
1 ) 1 -600.0 kHz
1 ) M1 600.0 kKHz
1

-2.0 MHz
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Evaluation Methods for Multi-Carrier Group Delay

Tip: To navigate within long marker tables, simply scroll through the entries with your
finger on the touchscreen.

Remote command:

LAY:ADD? '1l',RIGH, MTAB, see LAYout:ADD[:WINDow]? on page 116
Results:

CALCulate<n>:MARKer<m>:X on page 142

CALCulate<n>:MARKer<m>:Y? on page 128



The Multi-Carrier Measurement

5 Measurement Basics

Some background knowledge on basic terms and principles used in Multi-Carrier
Group Delay measurements is provided here for a better understanding of the required
configuration settings.

5.1 Definitions

Group delay
Group delay is a measure of phase distortion and defined as the derivation of phase
over frequency:
l dpu(f) .
t(f)= e # with @, (f) = unWiap(@,,., (1) = @ ()

Gain (Magnitude flatness)

The gain (also referred to as the magnitude flatness or amplitude flatness) is defined
as the relation between the measured magnitude and the reference (calibration) mag-
nitude:

Mmeas ( f)

Gain(f) = M_ (F)
cal

The gain describes the transmission behavior of the DUT.

5.2 The Multi-Carrier Measurement

The R&S FSW Multi-Carrier Group Delay application evaluates an input signal provi-
ded by a signal generator. A signal consisting of several unmodulated carriers with a
fixed step size is used as an input signal.

Dependency of the span on the number of carriers

The frequency span to be swept during the measurement is determined by the number
of carriers in the input signal and the spacing between them. It is recommended that
you set the span according to the following equation:

Span = (Number of carriers -1) * carrier spacing (Af)



The Multi-Carrier Measurement

Example:
A span = 3 * carrier spacing (Af) is required to measure a signal with four carriers.

Span

ra
l

trit

Center
Fraguency

As a rule, the span can only be defined as a multiple of the carrier spacing.

Center frequency and carrier offset

If the carriers are not aligned with the defined center frequency, the offset can be esti-
mated automatically; the carrier frequencies with the fixed offset are then used to
improve the calculation.

Carrier estimation

If the carrier frequencies are distorted due to the Doppler-effect, the frequencies for
each carrier can be estimated, thus improving the results of the group delay.
Demodulation bandwidth

The bandwidth to be demodulated during the measurement is determined automati-
cally by the application from the defined span and carrier spacing.

Measurement time

The required duration of the measurement can be determined automatically by the
application according to the defined carrier spacing and span, or it can be configured
manually.

Averaging results

The calculated values can be averaged over several sweeps in order to obtain more
reliable results.

Orthogonal calculation method

The orthogonal calculation method aligns the trace points in the result display to the
carrier frequencies of the input signal. To do so, a DFT window length equaling 1/Af is
used.

Absolute vs relative group delay

By default, the group delay is calculated relative to the reference signal, eliminating
any constant delay factors. Optionally, the reference carrier frequency for relative mea-
surements can be defined manually.
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Measurement Basics

5.3

5.4

Alternatively, if an external trigger is used, the absolute group delay can also be calcu-
lated. In this case, the trigger uncertainty for the current measurement bandwidth is
indicated and considered as an additional error in the group delay calculation.

The Calibration (Reference) Measurement

The Multi-Carrier Group Delay measurement method requires a preliminary reference
measurement of the input signal without the device under test before the actual group
delay measurement. This reference measurement is also referred to as the calibration
measurement. The results of this measurement are stored internally in the R&S FSW
to be used as a reference for the group delay calculation in the subsequent measure-
ment with the DUT.

The results of the calibration measurement can be stored to a file and loaded as refer-
ence data for future measurements with the same setup.

The date and time of the most recently performed or loaded calibration measurement
is indicated in the channel bar.

Measurement Setup

Before a Multi-Carrier Group Delay measurement can be performed, the R&S FSW
must be set up in a test environment. This section describes the required settings of
the R&S FSW. Before starting the measurements, the R&S FSW has to be configured
correctly and supplied with power as described in the R&S FSW Getting Started man-
ual, "Preparing For Use". Furthermore, the application firmware R&S FSW-K17 must
be enabled. Installation and enabling of the application firmware are described in the
R&S FSW Getting Started manual or in the Release Notes.

A Multi-Carrier Group Delay measurement requires the following devices:

® A baseband signal generator, e.g. a Vector Signal Generator R&S SMW
® The R&S FSW with application firmware R&S FSW-K17: Multi-Carrier Group Delay
® The device under test to be analyzed

> Connect the signal generator output to the RF INPUT connector of the R&S FSW -
first without the DUT, then with the DUT inbetween.

For absolute group delay measurement, connect the trigger output of the signal gener-
ator to one of the trigger inputs (TRIGGER INPUT) of the R&S FSW (see "Trigger 2/3"
on page 42).
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1. Cal N
Signal "
generator s DUT - FSW
2. Meas 2. Meas
F
Trigger

Figure 5-1: Multi-Carrier Group Delay test setup

It is recommended that you use an input signal with a low crest factor to get the phase
response of the DUT. Furthermore, an external frequency reference is recommended
for high accuracy measurements.

The following list summarizes the necessary measurement and calculation steps:

1. Calibration measurement without DUT:
(oca/(f)

2. Measurement with DUT:
¢meas(f)

3. Evaluate group delay:

r(f>=—2i-w With @ (f) = unwrap(@,... ()~ 0. (/)
V/d df

5.5 Trace Smoothing

(Software-based) smoothing is a way to visually remove anomalies in the trace that
may distort the results. The smoothing process is based on a moving average over the
complete measurement range. The number of samples included in the averaging proc-
ess (the aperture size) is variable and is a percentage of all samples that the trace con-
sists of.

number of samples (e.g. 1000}

aperture size (e.g. 5% = 50 samples)

Figure 5-2: Sample size included in trace smoothing

The application smoothes the trace only after the measurement has been finished and
the data has been analyzed and written to a trace. Thus, smoothing is really just an
enhancement of the trace display, not of the data itself. This also means that smooth-
ing is always applied after any other trace averagings have been done, as these hap-
pen during the measurement itself.
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You can turn trace smoothing on and off for all traces individually and compare, for
example, the raw and the smooth trace.

Linear smoothing is based on the following algorithm:

YO=1 )

n n—1

Equation 5-1: Linear trace smoothing
With:

s = sample number

y(s) = group delay, magnitude or gain
x = sample offset from s

n = aperture size
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6 Configuration

Multi-Carrier Group Delay Application
Access: MODE"MC Group Delay"

Multi-Carrier Group Delay measurements require a special application on the
R&S FSW.

When you switch the application of a measurement channel to Multi-Carrier Group
Delay application the first time, a set of parameters is passed on from the currently
active application. 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.

When you activate a measurement channel in Multi-Carrier Group Delay application, a
Multi-Carrier Group Delay measurement for the input signal is started automatically
with the default configuration. The "MCGD Meas" menu is displayed and provides
access to the most important configuration functions.

®  CoNfIgUuration OVEIVIEW.........uuiiieiiiiiiie et e e eree e e e st e e s snbee e e s s snae e e e e enreeas 25
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6.1 Configuration Overview

Access: all menus

_Bd B

G m-" Throughout the measurement channel configuration, an overview of the most important
Quaruias currently defined settings is provided in the "Overview".
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In addition to the main measurement settings, the "Overview" provides quick access to
the main settings dialog boxes. The individual configuration steps are displayed in the
order of the data flow. Thus, you can easily configure an entire measurement channel
from input over processing to output and analysis by stepping through the dialog boxes
as indicated in the "Overview".

In particular, the "Overview" provides quick access to the following configuration dialog
boxes (listed in the recommended order of processing):

1. Input Settings
See Chapter 6.2, "Input Source Settings", on page 27

2. Amplitude Settings
See Chapter 6.3, "Amplitude and Y-Axis Scaling", on page 30

3. Frequency Settings
See Chapter 6.4, "Frequency Settings", on page 36

4. Trigger Settings
See Chapter 6.5, "Trigger Settings", on page 38

5. Multi-Carrier Configuration
See Chapter 6.6, "Multi-Carrier Configuration", on page 44

6. Output Settings
See Chapter 6.8, "Output Settings", on page 51

7. Analysis
See Chapter 7, "Analysis", on page 56

8. Display Configuration
See Chapter 7.4, "Display Configuration", on page 69
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The main configuration settings and dialog boxes are also available via the "MCGD
Meas" menu which is displayed when you press the MEAS CONFIG key.

In this documentation, only the most convenient method of accessing the dialog boxes
is indicated - usually via the "Overview".

6.2

6.2.1

To configure settings

» Select any button in the "Overview" to open the corresponding dialog box.
Select a setting in the channel bar (at the top of the measurement channel tab) to
change a specific setting.

For step-by-step instructions on configuring Multi-Carrier Group Delay measurements,
see Chapter 9, "How to Perform Measurements in the Multi-Carrier Group Delay Appli-
cation", on page 73.

Preset Channel
Select the "Preset Channel" button in the lower lefthand corner of the "Overview" to
restore all measurement settings in the current channel to their default values.

Note that the PRESET key restores the entire instrument to its default values and thus
closes all measurement channels on the R&S FSW (except for the default Spectrum
application channel)!

Remote command:
SYSTem:PRESet : CHANnel [ : EXECute] on page 87

Specifics for

The measurement channel may contain several windows for different results. Thus, the
settings indicated in the "Overview" and configured in the dialog boxes vary depending
on the selected window.

Select an active window from the "Specifics for" selection list that is displayed in the
"Overview" and in all window-specific configuration dialog boxes.

The "Overview" and dialog boxes are updated to indicate the settings for the selected
window.

Input Source Settings

Access: "Overview" > "Input" > "Input Source"
Or: INPUT/OUTPUT > "Input Source Config"
The input source determines which data the R&S FSW will analyze.

o Radio FrequeNnCy INPUL......oo e 27

Radio Frequency Input

Access: "Overview" > "Input/Frontend" > "Input Source" > "Radio Frequency"
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Input Source

T
Frequency

Input Coupling

Impedance

Direct Path

High Pass Filter 1 to 3 GHz

YIG-Preselector

Input Connector

Radio FrequenCy STate... ... 28
T o TUL O o T8 o] 1] T TSRS 28
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DIrECt Path...ccoeiiiiieee e a e e 29
High-Pass Filter 1..3 GHz.........coo it 29
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Radio Frequency State
Activates input from the RF INPUT connector.

Remote command:
INPut:SELect on page 90

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:COUPling on page 88

Impedance
For some measurements, the reference impedance for the measured levels of the
R&S FSW can be set to 50 Q or 75 Q.
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Select 75 Q if the 50 Q input impedance is transformed to a higher impedance using a
75 Q adapter of the RAZ type. (That corresponds to 25Q in series to the input impe-
dance of the instrument.) The correction value in this case is 1.76 dB = 10 log (75Q/
50Q).

Remote command:
INPut: IMPedance on page 90

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
deactivated. If "Direct Path" is set to "Off", the spectrum analyzer always uses the ana-
log 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:DPATh on page 88

High-Pass Filter 1...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:FILTer:HPASs[:STATe] on page 89

YIG-Preselector
Activates or deactivates 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 deactivate the YIG-preselector at the
input of the R&S FSW, which can lead to image-frequency display.

Note that the YIG-preselector is active only on frequencies greater than 8 GHz. There-
fore, switching the Y1G-preselector on or off has no effect if the frequency is below that
value.

Note:
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For the following measurements, the YIG-Preselector is off by default (if available).
® |/Q Analyzer (and thus in all slave applications in MSRA operating mode)

® Multi-Carrier Group Delay
e GSM

® VSA

Remote command:
INPut:FILTer:YIG[:STATe] on page 89

6.3 Amplitude and Y-Axis Scaling

Access: "Overview" > "Amplitude"
Amplitude settings are identical to the base unit.

For background information on amplitude settings see the R&S FSW User Manual.
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6.3.1 Amplitude Settings

Access: "Overview" > "Amplitude"

Amplitude settings determine how the R&S FSW must process or display the expected
input power levels.

Amplitude

Reference Level Input Settings

Value I_ﬂ.ﬂ dBm ———

=
Offset 0.0 dB

Input Coupling
Unit

PO Impedance

Mechanical Attenuation Electronic Attenuation

Mode [ manval U

State

wode (TR Awo )

Value

Value 10.0 dB

REFEIENCE LEVEL... .ottt e et e e e e e e e e e e et e e enan s 31
L Shifting the Display (OffSEt)........ceeuererererrreeeeeeeeeeeeeseseteeesesesesesesesesseraneesenns 31
LR N1 (=Y [ = (] o T 31
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Reference Level
Defines the expected maximum input signal level. Signal levels above this value may
not be measured correctly, which is indicated by the "IF OVLD" status display.

The reference level can also be used to scale power diagrams; the reference level is
then used as the maximum on the y-axis.

Since the hardware of the R&S FSW is adapted according to this value, it is recom-
mended that you set the reference level close above the expected maximum signal
level. Thus you ensure an optimum measurement (no compression, good signal-to-
noise ratio).

Remote command:
DISPlay[:WINDow<n>] :TRACe<t>:Y[:SCALe] :RLEVel on page 90

Shifting the Display (Offset) < Reference Level
Defines an arithmetic level offset. This offset is added to the measured level. In some
result displays, the scaling of the y-axis is changed accordingly.

Define an offset if the signal is attenuated or amplified before it is fed into the
R&S FSW so the application shows correct power results. All displayed power level
results are shifted by this value.

The setting range is £200 dB in 0.01 dB steps.

Note, however, that the internal reference level (used to adjust the hardware settings to
the expected signal) ignores any "Reference Level Offset". Thus, it is important to keep
in mind the actual power level the R&S FSW must handle. Do not rely on the displayed
reference level (internal reference level = displayed reference level - offset).

Remote command:
DISPlay[:WINDow<n>] :TRACe<t>:Y[:SCALe] :RLEVel:OFFSet on page 91

RF Attenuation
Defines the attenuation applied to the RF input of the R&S FSW.

Attenuation Mode / Value — RF Attenuation

The RF attenuation can be set automatically as a function of the selected reference
level (Auto mode). This ensures that no overload occurs at the RF INPUT connector
for the current reference level. It is the default setting.

By default and when no (optional) electronic attenuation is available, mechanical
attenuation is applied.

In "Manual" mode, you can set the RF attenuation in 1 dB steps (down to 0 dB). Other
entries are rounded to the next integer value. The range is specified in the data sheet.
If the defined reference level cannot be set for the defined RF attenuation, the refer-
ence level is adjusted accordingly and the warning "Limit reached" is displayed.

NOTICE! Risk of hardware damage due to high power levels. When decreasing the
attenuation manually, ensure that the power level does not exceed the maximum level
allowed at the RF input, as an overload may lead to hardware damage.
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Remote command:
INPut:ATTenuation on page 91
INPut:ATTenuation:AUTO on page 92

Using Electronic Attenuation
If the (optional) Electronic Attenuation hardware is installed on the R&S FSW, you can
also activate an electronic attenuator.

In "Auto" mode, the settings are defined automatically; in "Manual" mode, you can
define the mechanical and electronic attenuation separately.

Note: Electronic attenuation is not available for stop frequencies (or center frequencies
in zero span) > 13.6 GHz.

In "Auto" mode, RF attenuation is provided by the electronic attenuator as much as
possible to reduce the amount of mechanical switching required. Mechanical attenua-
tion may provide a better signal-to-noise ratio, however.

When you switch off electronic attenuation, the RF attenuation is automatically set to
the same mode (auto/manual) as the electronic attenuation was set to. Thus, the RF
attenuation can be set to automatic mode, and the full attenuation is provided by the
mechanical attenuator, if possible.

Both the electronic and the mechanical attenuation can be varied in 1 dB steps. Other
entries are rounded to the next lower integer value.

For the R&S FSW85, the mechanical attenuation can be varied only in 10 dB steps.

If the defined reference level cannot be set for the given attenuation, the reference
level is adjusted accordingly and the warning "Limit reached" is displayed in the status
bar.

Remote command:
INPut:EATT:STATe on page 93
INPut:EATT:AUTO on page 92
INPut :EATT on page 92

Input Settings
Some input settings affect the measured amplitude of the signal, as well.

The parameters "Input Coupling” and "Impedance" are identical to those in the "Input”
settings.

Preamplifier < Input Settings
If the (optional) Preamplifier hardware is installed, a preamplifier can be activated for
the RF input signal.

You can use a preamplifier to analyze signals from DUTs with low output power.

For R&S FSW26 or higher models, the input signal is amplified by 30 dB if the pream-
plifier is activated.

For R&S FSW8 or 13 models, the following settings are available:

"Off" Deactivates the preamplifier.
"15 dB" The RF input signal is amplified by about 15 dB.
"30 dB" The RF input signal is amplified by about 30 dB.
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Remote command:
INPut:GAIN:STATe on page 93
INPut:GAIN[:VALue] on page 93

6.3.2 Scaling the Y-Axis

Access: "Overview" > "Amplitude" > "Scaling" tab

The individual scaling settings that affect the vertical axis are described here.

Note that scaling settings are window-specific, as opposed to the amplitude settings.
Depending on the result display, different methods of defining the scaling are available.

|
| Amplitude Scaling Unit

Range Scaling

ﬂ Logarithmic
Range 100 dB R .
Linear Percent

. Linear with Unit
Ref Level Position [lﬂﬂ.ﬂ %o J

EN e S Tl 1: Magnitude  #

Figure 6-1: Scaling settings for Magnitude display
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D

Amplitude Scaling Unit

Scaling according to min and max values:
Max 1360.0 ©
Min -360.0 *

Scaling according to reference and per div:

Ref Position

Ref Value

Figure 6-2: Scaling settings for Phase and Group Delay display
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Defining a Range and the Reference Level Position
For Magnitude displays, you can define the position of the reference level (for linear
scaling), or define the range in dB and the position of the reference level.

Range « Defining a Range and the Reference Level Position
Defines the displayed y-axis range in dB.

The default value is 100 dB.

Remote command:
DISPlay[:WINDow<n>] :TRACe<t>:Y[:SCALe] on page 94

Ref Level Position — Defining a Range and the Reference Level Position
Defines the reference level position, i.e. the position of the maximum AD converter
value on the level axis in %, where 0 % corresponds to the lower and 100 % to the
upper limit of the diagram.

Remote command:
DISPlay[:WINDow<n>] :TRACe<t>:Y[:SCALe] :RPOSition on page 96
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Scaling < Defining a Range and the Reference Level Position
Defines the scaling method for the y-axis.

"Logarithmic" Logarithmic scaling (only available for logarithmic units - dB..., and A,

V, Watt)

"Linear Unit" Linear scaling in the unit of the measured signal

"Linear Per- Linear scaling in percentages from 0 to 100

cent"

"Absolute" The labeling of the level lines refers to the absolute value of the refer-
ence level (not available for "Linear Percent")

"Relative" The scaling is in dB, relative to the reference level (only available for
logarithmic units - dB...). The upper line of the grid (reference level) is
always at 0 dB.

Remote command:
DISPlay[:WINDow<n>]:TRACe<t>:Y:SPACing on page 97
DISPlay[:WINDow<n>] :TRACe<t>:Y[:SCALe] :MODE on page 95

Configuring a Reference Point and Divisions
Defines the displayed range using a reference point and the size of the divisions.

Y-Axis Reference Value < Configuring a Reference Point and Divisions
Defines a reference value for the y-axis in the current unit. The y-axis is adapted so
that the reference value is displayed at the Y-Axis Reference Position.

Remote command:
DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe] :RVALue on page 96

Y-Axis Reference Position — Configuring a Reference Point and Divisions
Defines the position of the Y-Axis Reference Value on the y-axis. The position is
defined as a percentage value, where 0 % refers to the bottom edge, 100 % refers to
the top edge of the screen. The y-axis is adapted so that the reference value is dis-
played at the reference position.

Remote command:
DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe] :RPOSition on page 96

Range per Division < Configuring a Reference Point and Divisions
Defines the value range to be displayed per division. Since the display consists of 10
divisions by default, the displayed range is:

Range = 10 * <Range per Division>

Note: If fewer divisions are displayed (e.g. because the window is reduced in height),
the range per division is increased in order to display the same result range in the
smaller window. In this case, the range per division does not correspond to the actual
display.

Remote command:

DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe] :PDIVision on page 96

Defining Min and Max Values
Defines the displayed range using minimum and maximum values.



6.3.3

6.4

Frequency Settings

Remote command:
DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe] :MINimum on page 95
DISPlay[:WINDow<n>] :TRACe<t>:Y[:SCALe] :MAXimum on page 94

Scale Mode
For Gain display only: Defines the scaling method for the y-axis.

"Logarithmic" Logarithmic scaling (only available for logarithmic units - dB...)
"Linear" Linear scaling in percentages from 0 to 100

Remote command:
DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe] :MODE on page 95

Unit

Access: "Overview" > "Amplitude" > "Unit" tab

The unit defines how the measured data is displayed.

Amplit I-J."-_

Amplitude Scaling Unit

Phase unit

Phase UNit (RAA/DEQ).......uuuuiiiiiiiiieee ettt e et e e e e e e e e e e e nanbarereeeeaaaaeaas 36

Phase Unit (Rad/Deg)
Sets the phase unit to rad or deg for displaying phase signals.

Remote command:
UNIT:ANGLe on page 97

Frequency Settings

Access: "Overview" > "Frequency"
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I.;d

Frequency

Center l 100.0 MHz |
Span l 10.0 MHz |

Center Frequency Stepsize

Frequency Offset

Value l 0.0 Hz |

Center frequency
Defines the center frequency of the signal in Hertz.

Remote command:
[SENSe: ] FREQuency:CENTer on page 98

Span

Defines the frequency span to be measured. Only a multiple of the carrier spacing can
be defined. The Number of Carriers is adapted accordingly (see "Dependency of the
span on the number of carriers" on page 20).

Remote command:
[SENSe: ] FREQuency: SPAN on page 109

Center Frequency Stepsize
Defines the step size by which the center frequency is increased or decreased using
the arrow keys.

When you use the rotary knob the center frequency changes in steps of only 1/10 of

the span.

The step size can be coupled to another value or it can be manually set to a fixed

value.

"X * Span" Sets the step size for the center frequency to a defined factor of the
span. The "X-Factor" defines the percentage of the span.
Values between 1 % and 100 % in steps of 1 % are allowed. The
default setting is 10 %.

"= Center" Sets the step size to the value of the center frequency. The used

value is indicated in the "Value" field.
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"= Marker" This setting is only available if a marker is active.
Sets the step size to the value of the current marker and removes the
coupling of the step size to span. The used value is indicated in the
"Value" field.

"Manual” Defines a fixed step size for the center frequency. Enter the step size
in the "Value" field.

Remote command:
[SENSe: ] FREQuency:CENTer: STEP on page 98

Frequency Offset
Shifts the displayed frequency range along the x-axis by the defined offset.

This parameter has no effect on the instrument's hardware, or on the captured data or
on data processing. It is simply a manipulation of the final results in which absolute fre-
quency values are displayed. Thus, the x-axis of a spectrum display is shifted by a
constant offset if it shows absolute frequencies, but not if it shows frequencies relative
to the signal's center frequency.

A frequency offset can be used to correct the display of a signal that is slightly distorted
by the measurement setup, for example.

The allowed values range from -100 GHz to 100 GHz. The default setting is 0 Hz.

Remote command:
[SENSe: ] FREQuency:0FFSet on page 99

6.5 Trigger Settings

Access: "Overview" > "Trigger"
Trigger settings determine when the input signal is measured.
|w il i

Trigger Source Trigger In/Out

Source

Offset Slope (Twising_ Q)

External triggers from one of the TRIGGER INPUT/OUTPUT connectors on the
R&S FSW are configured in a separate tab of the dialog box.
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Trigger Source Trigger In/Out

Trigger 2

Output Type User Defined Level Low
Pulse Length 100.0 ps Send Trigger L

Trigger 3 Output

For step-by-step instructions on configuring triggered measurements, see the main
R&S FSW User Manual.
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Trigger Source
The trigger settings define the beginning of a measurement.

Trigger Source < Trigger Source
Defines the trigger source. If a trigger source other than "Free Run" is set, "TRG" is
displayed in the channel bar and the trigger source is indicated.

Remote command:
TRIGger [ :SEQuence] : SOURce on page 103

User Manual 1173.9405.02 — 15 39



Trigger Settings

Free Run — Trigger Source < Trigger Source
No trigger source is considered. Data acquisition is started manually or automatically
and continues until stopped explicitly.

Remote command:
TRIG:SOUR IMM, see TRIGger [:SEQuence] : SOURce on page 103

External Trigger 1/2/3 — Trigger Source < Trigger Source
Data acquisition starts when the TTL signal fed into the specified input connector
meets or exceeds the specified trigger level.

(See "Trigger Level" on page 41).

Note: The "External Trigger 1" softkey automatically selects the trigger signal from the
TRIGGER 1 INPUT connector on the front panel.

For details, see the "Instrument Tour" chapter in the R&S FSW Getting Started man-
ual.

"External Trigger 1"
Trigger signal from the TRIGGER 1 INPUT connector.

"External Trigger 2"
Trigger signal from the TRIGGER 2 INPUT / OUTPUT connector.
Note: Connector must be configured for "Input" in the "Outputs" con-
figuration (see "Trigger 2/3" on page 42).

"External Trigger 3"
Trigger signal from the TRIGGER 3 INPUT/ OUTPUT connector on
the rear panel.
Note: Connector must be configured for "Input" in the "Outputs" con-
figuration (see "Trigger 2/3" on page 42).

Remote command:

TRIG:SOUR EXT, TRIG:SOUR EXT2

TRIG:SOUR EXT3

See TRIGger [ : SEQuence] : SOURce on page 103

IF Power < Trigger Source « Trigger Source
The R&S FSW starts capturing data as soon as the trigger level is exceeded around
the third intermediate frequency.

For frequency sweeps, the third IF represents the start frequency. The trigger band-
width at the third IF depends on the RBW and sweep type.

For measurements on a fixed frequency (e.g. zero span or I/Q measurements), the
third IF represents the center frequency.

This trigger source is only available for RF input.

The available trigger levels depend on the RF attenuation and preamplification. A refer-
ence level offset, if defined, is also considered.

For details on available trigger levels and trigger bandwidths, see the data sheet.

Note: Be aware that in auto sweep type mode, due to a possible change in sweep
types, the trigger bandwidth can vary considerably for the same RBW setting.

Remote command:
TRIG:SOUR IFP, see TRIGger [:SEQuence] : SOURce on page 103
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RF Power — Trigger Source < Trigger Source
Defines triggering of the measurement via signals which are outside the displayed
measurement range.

For this purpose, the instrument uses a level detector at the first intermediate fre-
quency.

The input signal must be in the frequency range between 500 MHz and 8 GHz.

The resulting trigger level at the RF input depends on the RF attenuation and preampli-
fication. For details on available trigger levels, see the instrument's data sheet.

Note: If the input signal contains frequencies outside of this range (e.g. for fullspan
measurements), the sweep may be aborted. A message indicating the allowed input
frequencies is displayed in the status bar.

A "Trigger Offset", "Trigger Polarity" and "Trigger Holdoff" (to improve the trigger stabil-
ity) can be defined for the RF trigger, but no "Hysteresis".

Remote command:
TRIG:SOUR RFP, see TRIGger [:SEQuence] : SOURce on page 103

1/Q Power — Trigger Source < Trigger Source

This trigger source is not available if the optional Digital Baseband Interface or optional
Analog Baseband Interface is used for input. It is also not available for analysis band-
widths = 160 MHz.

Triggers the measurement when the magnitude of the sampled I/Q data exceeds the
trigger threshold.

Remote command:
TRIG:SOUR IQP, see TRIGger [:SEQuence] :SOURce on page 103

Trigger Level < Trigger Source
Defines the trigger level for the specified trigger source.

For details on supported trigger levels, see the data sheet.

Remote command:

TRIGger [:SEQuence] : LEVel: IFPower on page 102

TRIGger [:SEQuence] :LEVel: IQPower on page 102
TRIGger[:SEQuence] :LEVel [ :EXTernal<port>] on page 101

Drop-Out Time < Trigger Source

Defines the time the input signal must stay below the trigger level before triggering
again.

Remote command:

TRIGger [:SEQuence] : DTIMe on page 100

Trigger Offset < Trigger Source
Defines the time offset between the trigger event and the start of the sweep .

Offset > 0: Start of the sweep is delayed

Offset < 0: Sweep starts earlier (pretrigger)
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Remote command:
TRIGger [ :SEQuence] : HOLDoff [ : TIME] on page 100

Hysteresis — Trigger Source

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.

This setting is only available for "IF Power" trigger sources. The range of the value is
between 3 dB and 50 dB with a step width of 1 dB.

Remote command:
TRIGger[:SEQuence] : IFPower:HYSTeresis on page 101

Trigger Holdoff — Trigger Source
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:
TRIGger [ :SEQuence] : IFPower :HOLDof f on page 101

Slope — Trigger Source
For all trigger sources except time, you can define whether triggering occurs when the
signal rises to the trigger level or falls down to it.

Remote command:
TRIGger [ :SEQuence] : SLOPe on page 103

Trigger 2/3

Trigger 2 Input

Output Type User Defined 3 Level Low m
Il

Pulse Length 100.0 us Send Trigger

Trigger 3

Defines the usage of the variable TRIGGER INPUT/OUTPUT connectors, where:
"Trigger 2": TRIGGER INPUT/OUTPUT connector on the front panel

"Trigger 3": TRIGGER 3 INPUT/ OUTPUT connector on the rear panel

(Trigger 1 is INPUT only.)

Note: Providing trigger signals as output is described in detail in the R&S FSW User

Manual.

"Input” The signal at the connector is used as an external trigger source by
the R&S FSW. Trigger input parameters are available in the "Trigger"
dialog box.

"Output” The R&S FSW sends a trigger signal to the output connector to be

used by connected devices.
Further trigger parameters are available for the connector.

HE
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Remote command:
OUTPut:TRIGger<port>:DIRection on page 104

Output Type < Trigger 2/3
Type of signal to be sent to the output

"Device Trig- (Default) Sends a trigger when the R&S FSW triggers.

gered"
"Trigger Sends a (high level) trigger when the R&S FSW is in "Ready for trig-
Armed" ger" state.

This state is indicated by a status bit in the STATus : OPERation reg-
ister (bit 5), as well as by a low-level signal at the AUX port (pin 9).

"User Defined" Sends a trigger when you select the "Send Trigger" button.
In this case, further parameters are available for the output signal.

Remote command:
OUTPut :TRIGger<port>:0TYPe on page 105

Level < Output Type < Trigger 2/3
Defines whether a high (1) or low (0) constant signal is sent to the trigger output con-
nector.

The trigger pulse level is always opposite to the constant signal level defined here. For
example, for "Level = High", a constant high signal is output to the connector until you
select the Send Trigger function. Then, a low pulse is provided.

v trigger v trigger
5 < Sy —
i SR Tl
low-level constant, high-level constant,
high-level trigger low-level trigger

Remote command:
OUTPut:TRIGger<port>:LEVel on page 105

Pulse Length — Output Type < Trigger 2/3
Defines the duration of the pulse (pulse width) sent as a trigger to the output connec-
tor.

Remote command:
OUTPut:TRIGger<port>:PULSe:LENGth on page 106

Send Trigger — Output Type «— Trigger 2/3
Sends a user-defined trigger to the output connector immediately.

Note that the trigger pulse level is always opposite to the constant signal level defined
by the output Level setting. For example, for "Level = High", a constant high signal is
output to the connector until you select the "Send Trigger" function. Then, a low pulse
is sent.

Which pulse level will be sent is indicated by a graphic on the button.

Remote command:
OUTPut:TRIGger<port>:PULSe: IMMediate on page 106
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6.6 Multi-Carrier Configuration

6.6.1

Access: "Overview" > "Multi-Carrier Config"
Or: MEAS CONFIG > "Multi-Carrier Config"
The multiple carriers are configured in the "Multi-Carrier Config" dialog box.

o Measurement Configuration...........cccveeeiciiire i e 44
®  CalibratioN......eeeiii e 49

Measurement Configuration

Access: "Overview" > "Multi-Carrier Config" > "Meas Config" tab
Or: MEAS CONFIG > "Multi-Carrier Config" > "Meas Config" tab

Depending on the group delay mode, the measurement parameters for group delay
calculation vary slightly.
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Meas Config Calibration

Multi Carrier Signal Description

Center Frequency 13.25 GHz

Number
Carrier Spacing of Carriers Span

200.0 kHz . 51 -1 —3(10.0 MHz
(cam-+)

Measurement Time

Mode G vonua

Value

Group Delay

Group Delay Absolute

Reference for relative Calculation [ Center ][ Manual ]

Reference Carrier Frequency

Sweep Count

Carrier Estimation

Figure 6-3: Multi Carrier Config dialog box for relative group delay
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T 3%

Meas Config Calibration

Multi Carrier Signal Description

Center Frequency 13.25 GHz

Number
Carrier Spacing of Carriers Span

200.0 kHz . 51 -1 —3(10.0 MHz
(cam-+)

Measurement Time

Mode Manual

Value

Group Delay

Group Delay

Trigger Source

Trigger Uncertainty

Sweep Count

Carrier Estimation

Figure 6-4: Multi Carrier Config dialog box for absolute group delay
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Center frequency
Defines the center frequency of the signal in Hertz.

Remote command:
[SENSe: ] FREQuency:CENTer on page 98

Carrier Spacing

Defines the spacing between two carriers. The "Span" on page 37 and the Number of
Carriers are adapted accordingly (see "Dependency of the span on the number of car-
riers" on page 20).

Remote command:

[SENSe:]CARRier:SPACing on page 109

Number of Carriers
Defines the number of carriers in the signal. The "Span" on page 37 and Carrier Spac-
ing are adapted according to the following formula:

Number of carriers -1 = Span / Carrier spacing
For details see "Dependency of the span on the number of carriers" on page 20.

Remote command:
[SENSe:]CARRier:COUNt on page 108

Span

Defines the frequency span to be measured. Only a multiple of the carrier spacing can
be defined. The Number of Carriers is adapted accordingly (see "Dependency of the
span on the number of carriers" on page 20).

Remote command:
[SENSe: ] FREQuency: SPAN on page 109

Measurement Time
Defines the duration of data acquisition

"Auto" (Default:) In automatic mode the required time is determined accord-
ing to carrier spacing and span; the currently used measurement time
is indicated for reference only

"Manual” The measurement time is defined manually; enter the measurement
time in seconds

Remote command:
[SENSe: ]MTIMe? on page 110
[SENSe: ]MTIMe:AUTO on page 109

Group Delay Mode
Defines how the group delay is calculated.

"Absolute" Calculates the absolute group delay; requires an external trigger

"Relative" Calculates the relative group delay; the reference is configurable (see
Reference for relative Calculation / Reference Carrier Frequency)

Remote command:
CALCulate:GRPDelay:MODE on page 107
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Reference for relative Calculation / Reference Carrier Frequency
Determines the reference used for relative group delay measurement.

"Average" (Default:) The average group delay is used as a reference

"Center" The group delay measured for the center frequency is used as a ref-
erence

"Manual" The group delay measured at the user-defined "Reference Carrier

Frequency" is used as a reference

Remote command:
CALCulate:GRPDelay:REFerence on page 107
CALCulate:GRPDelay:REFerence: FREQuency on page 108

Trigger Source

The trigger source used for the group delay measurement; this is the same setting as
in the Chapter 6.5, "Trigger Settings", on page 38); it is provided here for convenience
as absolute group delay measurement requires an external trigger.

Remote command:
TRIGger [:SEQuence] : SOURce on page 103

Trigger Uncertainty

For absolute group delay measurement using an external trigger, the trigger uncer-
tainty for the current bandwidth ( =Span) is indicated. This value is considered as an
additional error in the group delay calculation.

Sweep Count

Defines the number of sweeps to be performed in the single sweep mode. Values from
0 to 32767 are allowed. If the values 0 or 1 are set, one sweep is performed. The
sweep count is applied to all the traces in all diagrams.

During calibration measurements, the phase and amplitude values are averaged over
the defined number of sweeps.

If the trace configurations "Average", "Max Hold" or "Min Hold" are set, this value also
determines the number of averaging or maximum search procedures.

In continuous sweep mode, if sweep count = 0 (default), averaging is performed over
10 sweeps. For sweep count =1, no averaging, Max Hold or Min Hold operations are
performed.

Remote command:
[SENSe: ] SWEep:COUNt on page 126

Carrier Estimation
Defines whether the carrier frequencies are estimated and then compensated for.

"All Carriers" Estimates the frequency for each carrier and uses the determined fre-
quencies when calculating the group delay.
This estimation is useful for in-orbit measurements of satellites for
which the group delay may be distorted due to the Doppler effect.

"Offset" The offset is assumed to be identical for all carriers. It is estimated
and the determined frequencies are then used for calculation.
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"Off" The carrier frequencies as defined in the configuration are used; pos-
sible offsets are not compensated.

Remote command:
[SENSe:]CARRier:0FFSet :MODE on page 108
[SENSe:]CARRier:0FFSet? on page 110

6.6.2 Calibration

Access: "Overview" > "Multi-Carrier Config" > "Calibration" tab

Or: MEAS CONFIG > "Multi-Carrier Config" > "Calibration" tab

Multi Carrier Config |

Meas Config Calibration

Last Reference Calibration
Center Frequency
Frequency Offset

Span

Number of Carriers
Carrier Spacing

Meas Time

Sweep Count

Reference Level

Attenuation

Execute Reference Calibration
{ Overwrites Current Reference Data)

Store Calibration Data

Load Calibration Data
Decimal Separator
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Sweep Settings

The values defined by the most recently performed or loaded calibration measurement
are displayed at the top of the dialog box.

Calibrate (Execute Reference Calibration)...........cccveveiiiiiieiiiiii e 50
Storing Calibration Data.............ceiiiiiiiii e 50
Loading Calibration Data...........cciiiiiiiiiiiieee et 50
[ Tot g b= IR T=T o = = (o ) SRR 50

Calibrate (Execute Reference Calibration)

Starts a new sweep to perform a calibration measurement. The status of the running
measurement is indicated in a dialog box. During this time, no other actions can be
performed on the R&S FSW. The results are used as reference data for the group
delay and gain calculation.

The date and time of the most recently performed or loaded calibration measurement
is indicated in the channel bar and at the top of the dialog box.

Remote command:
CALibration:MCGD on page 113

Storing Calibration Data
Stores the calibration data (reference data) to the selected file (. esv format)

Remote command:
MMEMory : STORe :MCGD:RCALibration on page 114

Loading Calibration Data

Loads the calibration data (reference data) from the selected file (. csv format) to the
instrument. The current reference data in the MCGD application is overwritten; the loa-
ded data is used for the group delay calculation.

Remote command:
MMEMory : LOAD:MCGD:RCALibration on page 114

Decimal Separator
Defines the decimal separator for floating-point numerals for the data export files. Eval-
uation programs require different separators in different languages.

Remote command:
FORMat :DEXPort:DSEParator on page 132

6.7 Sweep Settings

Access: SWEEP menu

The sweep settings define how often data from the input signal is acquired and then

evaluated.

Continuous SWEEP/RUN CONT ....cciiiiiieiiii e e e e s esssrrrrer e e e e e e e e s s snnnenaeeeeees 51
Single Sweep/ RUN SINGLE............uiiiiiiieeee ettt e e srvere e e e e e e e e e eanenees 51
CoNtiNUE SINGIE SWEEP.....uuiiiiiiieiee et e e e e e e e e e s r e e e e aaaeeesaenanns 51
SWEEP COUNT... .ttt e e e e et e e e e e e e e e et ab b e e e e e e eaaaeeeeaaannnsssseneeeess 51
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Continuous Sweep/RUN CONT

While the measurement is running, the "Continuous Sweep" softkey and the RUN
CONT key are highlighted. The running measurement can be aborted by selecting the
highlighted softkey or key again. The results are not deleted until a new measurement
is started.

Note: Sequencer. Furthermore, the RUN CONT key controls the Sequencer, not indi-
vidual sweeps. RUN CONT starts the Sequencer in continuous mode.

Remote command:
INITiate<n>:CONTinuous on page 123

Single Sweep/ RUN SINGLE

While the measurement is running, the "Single Sweep" softkey and the RUN SINGLE
key are highlighted. The running measurement can be aborted by selecting the high-
lighted softkey or key again.

Note: Sequencer. Furthermore, the RUN SINGLE key controls the Sequencer, not
individual sweeps. RUN SINGLE starts the Sequencer in single mode.

If the Sequencer is off, only the evaluation for the currently displayed measurement
channel is updated.

Remote command:
INITiate<n>[:IMMediate] on page 124

Continue Single Sweep

While the measurement is running, the "Continue Single Sweep" softkey and the RUN
SINGLE key are highlighted. The running measurement can be aborted by selecting
the highlighted softkey or key again.

Remote command:
INITiate<n>:CONMeas on page 123

Sweep Count

Defines the number of sweeps to be performed in the single sweep mode. Values from
0 to 32767 are allowed. If the values 0 or 1 are set, one sweep is performed. The
sweep count is applied to all the traces in all diagrams.

During calibration measurements, the phase and amplitude values are averaged over
the defined number of sweeps.

If the trace configurations "Average", "Max Hold" or "Min Hold" are set, this value also
determines the number of averaging or maximum search procedures.

In continuous sweep mode, if sweep count = 0 (default), averaging is performed over
10 sweeps. For sweep count =1, no averaging, Max Hold or Min Hold operations are
performed.

Remote command:
[SENSe: ] SWEep:COUNt on page 126

6.8 Output Settings

Access: INPUT/OUTPUT > "Output"
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The R&S FSW can provide output to special connectors for other devices.

For details on connectors, refer to the R&S FSW Getting Started manual, "Front / Rear
Panel View" chapters.

Manual.

6 How to provide trigger signals as output is described in detail in the R&S FSW User

MI[1] -113.96 dBm
0

IF /Video Output

IF Wide Out Frequency

Noise Source

Trigger 2 Output
Trigger 3 Output
NOISE SOUICE....utiiiiiiiiii ettt e e e s e e e e e e e e e e se e aabaaeeeeeeeaaeeeessaannnrrsanneeeess 52
I o 1= 2 X TSN 52
O U1 TU L Y 1= TR 53
e ==Y U 53
L PUISE LENGHN. ....vvveeeeeeeeee ettt n e 54
L SNA THYGET.....vcvevevveeeeeeeeeeeeeeeeeeeeee et ee e se s s essasssaseeeesesesseasseannans 54

Noise Source
This command turns the 28 V supply of the BNC connector labeled NOISE SOURCE
CONTROL on the R&S FSW on and off.

External noise sources are useful when you are measuring power levels that fall below
the noise floor of the R&S FSW itself, for example when measuring the noise level of a
DUT.

Remote command:
DIAGnostic:SERVice:NSOurce on page 111

Trigger 2/3

Trigger 2 Input

Output Type User Defined 3 Level Low m
Il

Pulse Length 100.0 ps Send Trigger

Trigger 3 Output
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Defines the usage of the variable TRIGGER INPUT/OUTPUT connectors, where:
"Trigger 2": TRIGGER INPUT/OUTPUT connector on the front panel

"Trigger 3": TRIGGER 3 INPUT/ OUTPUT connector on the rear panel

(Trigger 1 is INPUT only.)

Note: Providing trigger signals as output is described in detail in the R&S FSW User

Manual.

"Input” The signal at the connector is used as an external trigger source by
the R&S FSW. Trigger input parameters are available in the "Trigger"
dialog box.

"Output" The R&S FSW sends a trigger signal to the output connector to be

used by connected devices.
Further trigger parameters are available for the connector.

Remote command:
OUTPut:TRIGger<port>:DIRection on page 104

Output Type — Trigger 2/3
Type of signal to be sent to the output

"Device Trig- (Default) Sends a trigger when the R&S FSW triggers.

gered"
"Trigger Sends a (high level) trigger when the R&S FSW is in "Ready for trig-
Armed" ger" state.

This state is indicated by a status bit in the STATus : OPERation reg-
ister (bit 5), as well as by a low-level signal at the AUX port (pin 9).

"User Defined" Sends a trigger when you select the "Send Trigger" button.
In this case, further parameters are available for the output signal.

Remote command:
OUTPut:TRIGger<port>:0TYPe on page 105

Level — Output Type < Trigger 2/3
Defines whether a high (1) or low (0) constant signal is sent to the trigger output con-
nector.

The trigger pulse level is always opposite to the constant signal level defined here. For
example, for "Level = High", a constant high signal is output to the connector until you
select the Send Trigger function. Then, a low pulse is provided.

v trigger v trigger
5L - 5 | -
ol ., o1,

low-level constant, high-level constant,
high-level trigger low-level trigger

Remote command:
OUTPut:TRIGger<port>:LEVel on page 105
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Automatic Settings

Pulse Length < Output Type — Trigger 2/3
Defines the duration of the pulse (pulse width) sent as a trigger to the output connec-
tor.

Remote command:
OUTPut:TRIGger<port>:PULSe:LENGth on page 106

Send Trigger < Output Type < Trigger 2/3
Sends a user-defined trigger to the output connector immediately.

Note that the trigger pulse level is always opposite to the constant signal level defined
by the output Level setting. For example, for "Level = High", a constant high signal is
output to the connector until you select the "Send Trigger" function. Then, a low pulse
is sent.

Which pulse level will be sent is indicated by a graphic on the button.

Remote command:
OUTPut:TRIGger<port>:PULSe:IMMediate on page 106

Automatic Settings

Access: AUTO SET menu

Some settings can be adjusted by the R&S FSW automatically according to the current
measurement settings and signal characteristics.

Setting the Reference Level Automatically (Auto Level)........cceevviiiiiniiienciiiee, 54
Resetting the Automatic Measurement Time (Meastime AutO).........ccccoveveeeiiiiiieennnne 54
Changing the Automatic Measurement Time (Meastime Manual).......c...ccccceeiiineennn. 55
Upper Level HYSEEIreSIS. ... e e e e e e e e e e e e e e eeeeeeeeeees 55
Lower Level HYSEErESIS. . ...uuuiiiiiiiiiiiieie ettt e e e e e e e e e e e e e e e eeeeeeeeeees 55

Setting the Reference Level Automatically (Auto Level)

Automatically determines a reference level which ensures that no overload occurs at
the R&S FSW for the current input data. At the same time, the internal attenuators and
the preamplifier (for analog baseband input: the full scale level) are adjusted so the sig-
nal-to-noise ratio is optimized, while signal compression and clipping are minimized.

To determine the required reference level, a level measurement is performed on the
R&S FSW.

If necessary, you can optimize the reference level further. Decrease the attenuation
level manually to the lowest possible value before an overload occurs, then decrease
the reference level in the same way.

You can change the measurement time for the level measurement if necessary (see
"Changing the Automatic Measurement Time (Meastime Manual)" on page 55).

Remote command:
[SENSe:]ADJust:LEVel on page 113

Resetting the Automatic Measurement Time (Meastime Auto)
Resets the measurement duration for automatic settings to the default value.
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Remote command:
[SENSe:]ADJust:CONFigure:DURation:MODE on page 111

Changing the Automatic Measurement Time (Meastime Manual)
This function allows you to change the measurement duration for automatic setting
adjustments. Enter the value in seconds.

Remote command:
[SENSe:]ADJust:CONFigure:DURation:MODE on page 111
[SENSe:]ADJust:CONFigure:DURation on page 111

Upper Level Hysteresis

When the reference level is adjusted automatically using the Auto Level function, the
internal attenuators and the preamplifier are also adjusted. To avoid frequent adapta-
tion due to small changes in the input signal, you can define a hysteresis. This setting
defines a lower threshold the signal must fall below (compared to the last measure-
ment) before the reference level is adapted automatically.

Remote command:
[SENSe:]ADJust:CONFigure:HYSTeresis:UPPer on page 112

Lower Level Hysteresis

When the reference level is adjusted automatically using the Auto Level function, the
internal attenuators and the preamplifier are also adjusted. To avoid frequent adapta-
tion due to small changes in the input signal, you can define a hysteresis. This setting
defines a lower threshold the signal must fall below (compared to the last measure-
ment) before the reference level is adapted automatically.

Remote command:
[SENSe:]ADJust:CONFigure:HYSTeresis:LOWer on page 112
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Analysis

Analysis

General result analysis settings concerning the trace, markers, windows etc. can be

configured via the "Analysis" button in the "Overview". They are identical to the analy-

sis functions in the base unit except for the special window functions.

TraCE SEINGS. ...ttt e e e e e e e e e e e et e n e e e e e e e aaeeeesaaanans

= T4 =T £ TP PP PPPPPPPPPPPPPPN
Display Configuration.............eceee i

Trace Settings

Trace / Data Export Configuration..............euuicciiiiiiie e

The trace settings determine how the measured data is analyzed and displayed in the

window. Depending on the result display, between 1 and 4 traces may be displayed.

Trace settings can be configured via the TRACE key, in the "Traces" dialog box, or in

the vertical "Traces" tab of the "Analysis" dialog box.

Trace data can also be exported to an ASCII file for further analysis. For details see
Chapter 7.2, "Trace / Data Export Configuration”, on page 59.

=E ke 1 M Tosmaisnk Anabhosis | ME Craan hn]_\u_*_
| Traces Trace f Data Export
| Traces

Smoothing Avarage

Mode Hold State Value m
Marker - N (i [ | —

o oo A L M o |
TS O O

Quick Config

Set Trace Mode Set Trace Mode
Max | Avg | Min max | Cirwrke | Min

ECe R [l 3 Group Delay =

T oTo) i a1 1a T TSRO 57
AVEIAgE MOE.......ccceeeeieieccc ettt s e e e s e e e aaaaaaeaeeeeereraaraarara 58
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AVETAGE COUNL.....eiiiiieiiiieei ettt e et e e e e abb et e e e s aane e e e e s s nnneeeesannneeeean 58
Predefined Trace Settings - QUICK CONfig.........cviiiiiiiiiii e 58
Trace 1/Trace 2/Trace 3/Trace 4 (SOftKEYS)......euiiiiiiiiiiiiiiiee e 59

Trace 1/Trace 2/Trace 3/Trace 4
Selects the corresponding trace for configuration. The currently selected trace is high-
lighted orange.

Remote command:
DISPlay[:WINDow<n>]:TRACe<t>[:STATe] on page 136
Selected via numeric suffix of TRACe<t> commands

Mode
Defines the update mode for subsequent traces.

"Clear Write" Overwrite mode: the trace is overwritten by each sweep. This is the
default setting.

"Max Hold" The maximum value is determined over several sweeps and dis-
played. The R&S FSW saves the sweep result in the trace memory
only if the new value is greater than the previous one.

"Min Hold" The minimum value is determined from several measurements and
displayed. The R&S FSW saves the sweep result in the trace mem-
ory only if the new value is lower than the previous one.

"Average" The average is formed over several sweeps.
The "Average Count" on page 58 determines the number of averag-
ing procedures.

"View" The current contents of the trace memory are frozen and displayed.
"Blank" Removes the selected trace from the display.

Remote command:
DISPlay[:WINDow<n>] :TRACe<t>:MODE on page 133

Hold
If activated, traces in "Min Hold", "Max Hold" and "Average" mode are not reset after
specific parameter changes have been made.

Normally, the measurement is started again after parameter changes, before the mea-
surement results are analyzed (e.g. using a marker). In all cases that require a new
measurement after parameter changes, the trace is reset automatically to avoid false
results (e.g. with span changes). For applications that require no reset after parameter
changes, the automatic reset can be switched off.

The default setting is off.

Remote command:
DISPlay[:WINDow<n>] : TRACe<t>:MODE:HCONtinuous on page 134

Smoothing

If enabled, the Group Delay trace is smoothed by the specified value (between 1 %
and 50 %). The smoothing value is defined as a percentage of the display width. The
larger the smoothing value, the greater the smoothing effect.
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This setting is not available for Phase, Phase Reference, and Magnitude Reference (vs
Frequency) results.

For more information see Chapter 5.5, "Trace Smoothing", on page 23.

Remote command:
DISPlay[:WINDow<n>] :TRACe<t>:SMOothing[:STATe] on page 135
DISPlay[:WINDow<n>]:TRACe<t>:SMOothing:APERture on page 135

Average Mode
Defines the mode with which the trace is averaged over several sweep s. A different
averaging mode can be defined for each trace.

This setting is only applicable if trace mode "Average" is selected.
How many sweep s are averaged is defined by the "Average Count" on page 58.

"Linear" The power level values are converted into linear units prior to averag-
ing. After the averaging, the data is converted back into its original
unit.

"Logarithmic" For logarithmic scaling, the values are averaged in dBm. For linear
scaling, the behavior is the same as with linear averaging.

"Power" Activates linear power averaging.
The power level values are converted into unit Watt prior to averag-
ing. After the averaging, the data is converted back into its original
unit.
Use this mode to average power values in Volts or Amperes cor-
rectly.

Remote command:
[SENSe: ] AVERage<n>:TYPE on page 137

Average Count
Determines the number of averaging or maximum search procedures If the trace
modes "Average", "Max Hold" or "Min Hold" are set.

In continuous sweep mode, if sweep count = 0 (default), averaging is performed over
10 sweep s. For sweep count =1, no averaging, Max Hold or Min Hold operations are
performed.

This value is identical to the Sweep Count setting in the "Sweep" and "Multi-carrier"
configuration.

Remote command:
[SENSe: ] AVERage<n>:COUNt on page 136

Predefined Trace Settings - Quick Config
Commonly required trace settings have been predefined and can be applied very
quickly by selecting the appropriate button.

Function Trace Settings

Preset All Traces Trace 1: Clear Write

Traces 2-4: Blank

Set Trace Mode Trace 1: Max Hold
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Function Trace Settings

Max | Avg | Min Trace 2: Average
Trace 3: Min Hold
Trace 4: Blank

Set Trace Mode Trace 1: Max Hold

Max | ClrWrite | Min Trace 2: Clear Write
Trace 3: Min Hold
Trace 4: Blank

Trace 1/Trace 2/Trace 3/Trace 4 (Softkeys)
Displays the "Traces" settings and focuses the "Mode" list for the selected trace.

Remote command:
DISPlay[:WINDow<n>]:TRACe<t>[:STATe] on page 136

7.2 Trace / Data Export Configuration

= Access: "Save" > "Export" > "(Trace) Export Config"
Or: TRACE > "Trace Config" > "Trace/Data Export"

The R&S FSW provides various evaluation methods for the results of the performed
measurements. However, you may want to evaluate the data with other, external appli-
cations. In this case, you can export the measurement data to a standard format file
(ASCII or CSV).

The standard data management functions (e.g. saving or loading instrument settings)
that are available for all R&S FSW applications are not described here.

See the R&S FSW User Manual for a description of the standard functions.
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Transient Analysis ! %
Traces Trace / Data Export

Export all Traces and Marker Table Results

Indude Instrument Measurement Settings

Decimal Separator

Export to ASCII File

Export all Traces and all Table ReSUItS..........cooei i 60
Include Instrument Measurement SEttNgS.....cuuiviei i i 60
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EXport Trace t0 ASCI File. ... et 61

Export all Traces and all Table Results
Selects all displayed traces and result tables (e.g. Result Summary, marker table etc.)
in the current application for export to an ASCII file.

Alternatively, you can select one specific trace only for export (see Trace to Export).

The results are output in the same order as they are displayed on the screen: window
by window, trace by trace, and table row by table row.

Remote command:
FORMat :DEXPort:TRACes on page 132

Include Instrument Measurement Settings
Includes additional instrument and measurement settings in the header of the export
file for result data.

See Chapter 12.2, "Reference: ASCII File Export Format", on page 157 for details.

Remote command:
FORMat : DEXPort :HEADer on page 132

Trace to Export
Defines an individual trace that will be exported to a file.

This setting is not available if Export all Traces and all Table Results is selected.

Decimal Separator
Defines the decimal separator for floating-point numerals for the data export files. Eval-
uation programs require different separators in different languages.

Remote command:
FORMat:DEXPort:DSEParator on page 132
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Export Trace to ASCII File
Opens a file selection dialog box and saves the selected trace in ASCII format (.dat)
to the specified file and directory.

The results are output in the same order as they are displayed on the screen: window
by window, trace by trace, and table row by table row.

Both measurement and reference (calibration) traces can be exported to an ASCII file.
However, the calibration data stored in an ASCII file cannot be re-imported to the
R&S FSW (to re-import the data use Storing Calibration Data instead).

Note: To store the measurement results for all traces in all windows in . esv format,
use the Storing Measurement Results command in the "Save/Recall" > "Export" menu.
For details on the file formats, see Chapter 12, "Annex", on page 157.

Note: 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 full" 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 "Protecting Data Using the Secure User Mode" in the "Data Manage-
ment" section of the R&S FSW User Manual.

Remote command:
MMEMory : STORe<n>:TRACe on page 131

7.3 Markers

Markers help you analyze your measurement results by determining particular values
in the diagram. Thus you can extract numeric values from a graphical display.

Markers are configured in the "Marker" dialog box which is displayed when you do one
of the following:

® In the "Overview", select "Analysis", and switch to the vertical "Marker" tab.
® Press the MKR key, then select the "Marker Config" softkey.

®  Marker SEHiNGS.....cco i e e aaaa s 61
e Marker Search Settings and Positioning Functions...........ccccccoiiiiiiiiic e, 66

7.3.1 Marker Settings

Marker settings can be configured via the MARKER key or in the "Marker" dialog box.
To display the "Marker" dialog box, do one of the following:

® Press the MKR key, then select the "Marker Config" softkey.
® |n the "Overview", select "Analysis", and switch to the vertical "Marker" tab.
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The remote commands required to define these settings are described in Chap-
ter 11.9.3, "General Marker Settings", on page 143.

o Individual Marker SEIUP.....uuuuicccceie e 62
o General Marker SettiNgS.......euieiiiiiiiee e 65

7.3.1.1 Individual Marker Setup

In the Mutli-Carrier Group Delay application, up to 17 markers or delta markers can be
activated for each window simultaneously. Initial marker setup is performed using the
"Marker" dialog box.

Markers Marker Settings Search Settings

Selected State Stimulus : I‘Ij!:-‘l- e Link to Marker Trace

|

1-6

Cover J@oi] s =

ST
||
o ||

The markers are distributed among 3 tabs for a better overview. By default, the first
marker is defined as a normal marker, whereas all others are defined as delta markers
with reference to the first marker. All markers are assigned to trace 1, but only the first
marker is active.

RS T= 1= 1Y/ E= T = S 62
T2 (= Tor (o I AV = T3 = S 63
Y =Ty TS =) (= TP PPOPRRRPRN 63
Marker POSItION (X-VAIUE).......uuuiiiiiiiieiee e e et e e e e e e e e reeeeeaeas 63
Y =T =T Y/ o - USSR 63
REfEIreNCE MAIKET ... . et e e e e e e e 64
LinkKing 10 ANOther Marker........coo it 64
Assigning the Marker 10 @ TracCe.......coui i 64
Y= T T 3K 1 S 64

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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Selected State Selected State Selected State

)
Marker 1 [ Gn o) T off

_____________|

Remote command:
CALCulate<n>:MARKer<m>[:STATe] on page 141
CALCulate<n>:DELTamarker<m>[:STATe] on page 140

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 141
CALCulate<n>:DELTamarker<m>[:STATe] on page 140

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 142
CALCulate<n>:DELTamarker<m>:X on page 140

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.

HE
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"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 141
CALCulate<n>:DELTamarker<m>[:STATe] on page 140

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 the reference marker is deactivated, a different reference marker is automatically
selected; the delta marker remains active.

Remote command:
CALCulate<n>:DELTamarker<m>:MREF on page 139

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<m>:LINK:TO:MARKer<m> on page 141
CALCulate<n>:DELTamarker<m>:LINK:TO:MARKer<m> on page 139
CALCulate<n>:DELTamarker<m>:LINK on page 138

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.

Remote command:
CALCulate<n>:MARKer<m>:TRACe On page 142

All Markers Off
Deactivates all markers in one step.

Remote command:
CALCulate<n>:MARKer<m>:AOFF on page 141
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7.3.1.2 General Marker Settings

Some general marker settings allow you to influence the marker behavior for all mark-
ers.

These settings are located in the "Marker Settings" tab of the "Marker" dialog box. To
display this tab, do one of the following:
® Press the MKR key, then select the "Marker Config" softkey.

® In the "Overview", select "Analysis", and switch to the vertical "Marker" tab. Then
select the horizontal "Marker Settings" tab.

Analysis

Markers Marker Settings Search Config
Traces

Marker

Linlke

Link Across Windows m

= lle]ile-mileldll 1: Magnitude 2

Marker Table DiSPlay.........oooeiiiiieee e 65
1Y F= T (=T o [0 o TR 66
(11 C=To I\, = =T T 66

Marker Table Display
Defines how the marker information is displayed.

"On" Displays the marker information in a table in a separate area beneath
the diagram.
"Off" Displays the marker information within the diagram area. No separate

marker table is displayed.

"Auto" (Default) Up to two markers are displayed in the diagram area. If
more markers are active, the marker table is displayed automatically.
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7.3.2

Remote command:
DISPlay:MTABle on page 143

Marker Info
Turns the marker information displayed in the diagram on and off.

o 1Pk Clrw
M1[1] 86.73 dBpV

60.060000 MHz

Remote command:
DISPlay:MINFo[:STAT] on page 143

Linked Markers
If enabled, the markers in all diagrams are linked, i.e. when you move a marker in one
window, the markers in all other windows are moved to the same x-value.

Linking markers is only possible if compatible reference data is available, or no refer-
ence data at all. Compatible reference data means the settings used to perform cali-
bration were the same as the currently active measurement settings. If measurement
settings are changed that do not match the reference data, linking markers is no longer
possible and the function is automatically deactivated.

An exception to this rule is the center frequency. If a different center frequency was
used for calibration, the markers can still be linked. However, in this case the markers
are not moved to a specific x-value, but to the same horizontal position relative to the
diagram edge.

Remote command:
CALCulate<n>:MARKer<m>:LINK on page 143

Marker Search Settings and Positioning Functions

Several functions are available to set the marker to a specific position very quickly and
easily, or to use the current marker position to define another characteristic value. In
order to determine the required marker position, searches may be performed. The
search results can be influenced by special settings.

Most marker positioning functions and the search settings are available in the MKR ->
menu.

Search settings are also available via the MARKER key or in the vertical "Marker Con-
fig" tab of the "Analysis" dialog box (horizontal "Search Settings" tab).

The remote commands required to define these settings are described in Chap-
ter 11.9.4, "Searching for Peaks and Positioning the Marker", on page 144.

o Marker Search SettiNgS......cuuuiiiiiiiieie i 67
®  POSItioNING FUNCHONS......uueiiiiii e e e e e e e e e e e e e e e e eeeaeeanes 67
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7.3.2.2

Markers

Marker Search Settings

Markers are commonly used to determine peak values, i.e. maximum or minimum val-
ues, in the measured signal. Configuration settings allow you to influence the peak
search results.

These settings are available as softkeys in the Marker To menu, or in the "Search Set-
tings" tab of the "Marker" dialog box. To display this tab, do one of the following:

® Press the MKR key, then select the "Marker Config" softkey. Then select the hori-
zontal "Search Settings" tab.

® |n the "Overview", select "Analysis", and switch to the vertical "Marker Config" tab.
Then select the horizontal "Search Settings" tab.

Search Mode fOr NeXt PaK........oouu it a e 67
(Y| otV 41 (o] o TN 67

Search Mode for Next Peak
Selects the search mode for the next peak search.

"Left" Determines the next maximum/minimum to the left of the current
peak.

"Absolute" Determines the next maximum/minimum to either side of the current
peak.

"Right" Determines the next maximum/minimum to the right of the current
peak.

Remote command:
Chapter 11.9.4, "Searching for Peaks and Positioning the Marker", on page 144

Peak Excursion
Defines the minimum level value by which a signal must rise or fall so that it is identi-
fied as a maximum or a minimum by the search functions.

Remote command:
CALCulate<n>:MARKer<m>:PEXCursion on page 144

Positioning Functions

The following functions set the currently selected marker to the result of a peak search
or set other characteristic values to the current marker value. These functions are
available as softkeys in the "Marker To" menu, which is displayed when you press the
MKR -> key, or in the "Marker" menu.

ST (=oAL F= T =T PN 67
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SEArCH MINIMUM L. ...ttt et et e e e e e e e e e e e e e e e e e e e e e e e e bbb eaeaeeeas 68
Search Next MINIMUM........oooiiiiiiieiitceeee et e e e e ee et e et a e e e e e e e eeaaaaeens 69

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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Selected State Selected State Selected State

)
Marker 1 [ Gn o) T off

Remote command:
CALCulate<n>:MARKer<m>[:STATe] on page 141
CALCulate<n>:DELTamarker<m>[:STATe] on page 140

Peak Search
Sets the selected marker/delta marker to the maximum of the trace. If no marker is
active, marker 1 is activated.

Remote command:
CALCulate<n>:MARKer<m>:MAXimum[:PEAK] on page 145
CALCulate<n>:DELTamarker<m>:MAXimum|[:PEAK] on page 148

Search Next Peak
Sets the selected marker/delta marker to the next (lower) maximum of the assigned
trace. If no marker is active, marker 1 is activated.

Remote command:

CALCulate<n>:MARKer<m>:MAXimum:NEXT on page 145
CALCulate<n>:MARKer<m>:MAXimum:RIGHt on page 146
CALCulate<n>:MARKer<m>:MAXimum:LEFT on page 145
CALCulate<n>:DELTamarker<m>:MAXimum:NEXT on page 148
CALCulate<n>:DELTamarker<m>:MAXimum:RIGHt on page 148
CALCulate<n>:DELTamarker<m>:MAXimum:LEFT on page 147

Search Minimum
Sets the selected marker/delta marker to the minimum of the trace. If no marker is
active, marker 1 is activated.

Remote command:
CALCulate<n>:MARKer<m>:MINimum[:PEAK] on page 146
CALCulate<n>:DELTamarker<m>:MINimum|[: PEAK] on page 149
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Search Next Minimum
Sets the selected marker/delta marker to the next (higher) minimum of the selected
trace. If no marker is active, marker 1 is activated.

Remote command:

CALCulate<n>:MARKer<m>:MINimum:NEXT on page 146
CALCulate<n>:MARKer<m>:MINimum:LEFT on page 146
CALCulate<n>:MARKer<m>:MINimum:RIGHt on page 147
CALCulate<n>:DELTamarker<m>:MINimum:NEXT on page 149
CALCulate<n>:DELTamarker<m>:MINimum:LEFT on page 148
CALCulate<n>:DELTamarker<m>:MINimum:RIGHt on page 149

7.4 Display Configuration

The captured signal can be displayed using various evaluation methods. All evaluation
methods available for the Multi-Carrier Group Delay application are displayed in the
evaluation bar in SmartGrid mode when you do one of the following:

e Select the & "SmartGrid" icon from the toolbar.

® Select the "Display Config" button in the "Overview".

® Press the MEAS key.

® Select the "Display Config" softkey in any Multi-Carrier Group Delay menu.

Up to 6 evaluation methods can be displayed simultaneously in separate windows. The

Multi-Carrier Group Delay evaluation methods are described in Chapter 4.1, "Evalua-
tion Methods for Multi-Carrier Group Delay", on page 15.

6 For details on working with the SmartGrid see the R&S FSW Getting Started manual.
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Export Functions

Importing and Exporting Results

The R&S FSW provides various evaluation methods for the results of the performed
measurements. However, you may want to evaluate the data with other, external appli-
cations. In this case, you can export the measurement data to a standard format file
(ASCII or CSV). The results from the calibration measurements can also be be re-
imported to the R&S FSW MCGD application as reference data for further measure-
ments.

i

The standard data management functions (e.g. saving or loading instrument settings)
that are available for all R&S FSW applications are not described here.

See the R&S FSW User Manual for a description of the standard functions.

®  EXPOrt FUNCHONS. ..o 70
L J 1407 oo ) o U] ox 1 ] o 1= SRR 71

Export Functions

The following export functions are available via softkeys in the "Save/Recall" menu
which is displayed when you select the "Save" or "Open" icon in the toolbar. Some
functions are also available via softkeys or dialog boxes in the corresponding menus,
e.g. trace data or calibration data.

Storing Calibration Data.........cccuuuiiiiiiiiee e a e 70
Storing Measurement RESUILS..........cccuiiiiiiiiiei e e e e e e 70
EXPOrt Trace t0 ASCI FilE..cciiii ittt e e e e e e e e e eaans 71
DeCIMal SEPATALON. ... ...ttt e e e e e e e e e e e e e e e e e aaaeeeeaaaanns 71

Storing Calibration Data
Stores the calibration data (reference data) to the selected file (. csv format)

Remote command:
MMEMory : STORe : MCGD:RCALibration on page 114

Storing Measurement Results
Stores the currently displayed measurement results (i.e. all traces in all windows) to
the selected file (. csv format).

The results are output in the same order as they are displayed on the screen: window
by window, trace by trace, and table row by table row.

Note: To store the results of an individual trace or all traces in ASCII format (.dat),
use the Export Trace to ASCII File function.

Remote command:
MMEMory : STORe : MCGD : MEAS on page 130
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Export Trace to ASCII File
Opens a file selection dialog box and saves the selected trace in ASCII format (.dat)
to the specified file and directory.

The results are output in the same order as they are displayed on the screen: window
by window, trace by trace, and table row by table row.

Both measurement and reference (calibration) traces can be exported to an ASCII file.
However, the calibration data stored in an ASCII file cannot be re-imported to the
R&S FSW (to re-import the data use Storing Calibration Data instead).

Note: To store the measurement results for all traces in all windows in . esv format,
use the Storing Measurement Results command in the "Save/Recall" > "Export" menu.
For details on the file formats, see Chapter 12, "Annex", on page 157.

Note: 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 full" 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 "Protecting Data Using the Secure User Mode" in the "Data Manage-
ment" section of the R&S FSW User Manual.

Remote command:
MMEMory : STORe<n>:TRACe on page 131

Decimal Separator
Defines the decimal separator for floating-point numerals for the data export files. Eval-
uation programs require different separators in different languages.

Remote command:
FORMat :DEXPort:DSEParator on page 132

8.2 Import Functions

=) The following import functions are available via softkeys in the "Save/Recall" menu
= which is displayed when you select the "Save" or "Open" icon in the toolbar. Calibra-
(3t tion data can also be imported from the "Calibration” configuration dialog box.

Loading Calibration Data...........ccuueeeiiiieeiii e e e e e 71
(BTt b= S T=T o F= T = (o U UPUPPURR 72

Loading Calibration Data

Loads the calibration data (reference data) from the selected file (. csv format) to the
instrument. The current reference data in the MCGD application is overwritten; the loa-
ded data is used for the group delay calculation.

Remote command:
MMEMory : LOAD:MCGD:RCALibration on page 114
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Decimal Separator
Defines the decimal separator for floating-point numerals for the data export files. Eval-
uation programs require different separators in different languages.

Remote command:
FORMat :DEXPort:DSEParator on page 132



9 How to Perform Measurements in the Multi-
Carrier Group Delay Application

The following step-by-step instructions demonstrate how to perform a Multi-Carrier
Group Delay measurement with the R&S FSW-K17 option. For details on the individual
functions and settings see Chapter 6, "Configuration", on page 25.

Additionally, the procedure to generate the multi-carrier signal for the frequency range
to be analyzed on a signal generator is described, using the R&S SMW as an example.
For details on configuring the signal generator, see the R&S SMW User Manual.

To generate a multi-carrier signal for the frequency range of the DUT on an R&S
SMw
1. Preset the signal generator.

2. Inthe "Baseband A" menu, select "Multicarrier CW". (Alternatively, the R&S SMW
can produce multi-carrier signals using the "ARB" option.)

3. Inthe "General" tab, define the "No of Carriers" and "Carrier Spacing" such that the
generated signal covers the frequency range in which the DUT is to be analyzed.

4. In the "Optimize Crest Factor Mode" field, select "Chirp" to improve the SNR in the
MC Group Delay measurement.

5. To improve measurement accuracy, send a trigger signal to the R&S FSW:

a) Select the "Trigger In" tab.

b) For "Mode", select "Auto".

c) Select the "Marker" tab.

d) For "Marker 1", select "Restart".

In the "General" tab, activate the multi-carrier signal by switching the state to "ON".
Close the "Multi Carrier CW A" menu.
Set "RF A" to "ON" to activate the RF modulation.

© © N 2

Select the FREQ key to define the center frequency of the test signal.
10. Select the LEVEL key to define the generator's output power.

To perform the MC Group Delay measurement on the R&S FSW

1. To use the trigger from the signal generator on the R&S FSW, for example to cal-
culate an absolute group delay, connect the trigger output of the signal generator
to the trigger input of the R&S FSW.

2. To synchronize the reference frequencies used by the signal generator and the
R&S FSW, use an external reference frequency:

a) Connect the external reference output of the signal generator (REF OUT) to the
external reference input on the rear panel of the R&S FSW (REF INPUT 1..20
MHz).
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How to Perform Measurements in the Multi-Carrier Group Delay Application

10.

11.
12.

13.

b) On the R&S FSW, press the SETUP key, then select the "Reference" softkey.
c) Inthe "Reference Frequency Input" area select the used external reference.

Connect the RF A output of the signal generator to the RF INPUT connector on the
front panel of the R&S FSW without the DUT.

Configure the signal generator to output a multi-carrier signal in the frequency
range in which the DUT is to be analyzed (as described in "To generate a multi-
carrier signal for the frequency range of the DUT on an R&S SMW" on page 73).

Press the MODE key on the front panel of the R&S FSW and select the "MC Group
Delay" application.

Select the "Overview" softkey to display the "Overview" for a Multi-Carrier Group
Delay measurement.

Select the "Amplitude" button and define the required attenuation and reference
level for the generated input signal.

Note: Correct attenuation and reference level settings are an important factor for
accurate group delay measurement results. You can also use the auto leveling
function in the R&S FSW Spectrum application before starting the MCGD applica-
tion. The attenuation and reference level values are then passed on to the new
MCGD measurement channel.

Select the "Frequency" button to define the input signal's center frequency.

To measure the absolute group delay select the "Trigger" button and select the trig-
ger source "External Trigger1".

Select the "Multi-Carrier Config" button to describe the signal and define measure-
ment settings:

a) Define the carrier spacing.

b) Define the number of carriers (tones) or the frequency span according to the
settings on the generator.

c) If the measurement time determined automatically is not adequate, define it
manually.

d) To average the results over several sweeps, increase the sweep count.

e) To calculate an absolute group delay, select "Absolute" mode for the group
delay result.

Check the displayed results to ensure the measurement configuration is adequate.
Press the RUN SINGLE key to stop the continuous sweep mode.

Select the "Multi-Carrier Config" softkey to re-open the "Multi-Carrier Config" dialog
box and switch to the "Calibration" tab.

Select the "Calibrate" button to perform a calibration measurement.

Alternatively, if a calibration measurement has already been performed with the
same measurement setup, select the "Load Calibration Data" button to load stored
reference data.

HE
User Manual 1173.9405.02 — 15 74



R&S®FSW-K17 How to Perform Measurements in the Multi-Carrier Group Delay Application

The calibration measurement is performed. The status of the running measurement
is indicated in a dialog box. During this time, no other actions can be performed on
the R&S FSW.

The "Calibration" tab displays date and time, center frequency, reference level and
further parameters of the most recently performed or loaded calibration measure-
ment.

14. Optionally, to store the results from the performed calibration measurement to a
CSV file for later use, select the "Store Calibration Data" button.

15. Once the reference data is available in the Multi-Carrier Group Delay application,
connect the DUT between the signal generator and the R&S FSW.

16. On the R&S FSW, select the "Display Config" button to enter the SmartGrid mode
and select the displays that are of interest to you (up to 6).
Arrange them on the display to suit your preferences, then exit the SmartGrid
mode.

17. Press the RUN SINGLE key to start a new measurement.

The group delay is calculated and the selected results are displayed.

18. To store the displayed results in a CSV file:

a) Select the Bl "Save" icon in the toolbar.

b) Select the "Export" softkey.

c) If necessary, change the decimal separator to be used for the export file.
d) Select the "Store Measurement Data" softkey.

e) Define a file name and storage location for the results file.

19. To make use of the advanced analysis functions in the displays, select the "Analy-
sis" button in the "Overview".

e Configure a trace to display the average over a series of sweeps (on the
"Trace" tab; if necessary, increase the "Sweep Count" in the "Multi-Carrier Con-
fig" settings).

This is recommended for absolute group delay trace results.

e Configure markers and delta markers to determine deviations and offsets within

the signal (on the "Marker" tab).

20. Optionally, export the trace data of the demodulated signal to a file.

a) Inthe "Traces" tab of the "Analysis" dialog box, switch to the "Trace Export"
tab.

b) Select "Export Trace to ASCII File".

c) Define a file name and storage location and select "OK".
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10 Optimizing and Troubleshooting the Mea-
surement

If the results do not meet your expectations, try the following methods to optimize the
measurement:

Calibration fails

® Check the connection from the signal generator to the R&S FSW.
® (Check the settings on the signal generator.

® Check the input signal at the R&S FSW.

No trace visible in "Magnitude Reference" and "Phase Reference" windows

® No calibration data is available, perform a calibration measurement (without the
DUT) or load stored calibration data.

No trace visible in "Group Delay" window

® No calibration data is available, perform a calibration measurement (without the
DUT) or load stored calibration data.

® MCGD configuration is not compatible to the current calibration (reference) data.
Perform a new calibration or adjust measurement settings to fit the calibration data
(see Chapter 6.6.2, "Calibration”, on page 49).

Group delay results are not calculated correctly
® Check the connections from the DUT to the R&S FSW and to the signal generator.

® Repeat the calibration measurement (without the DUT) or load stored calibration
data from the same measurement setup.

® Check if the MCGD configuration on the R&S FSW fits to the signal sent by the
generator.

® Connect an external reference to the R&S FSW to improve accuracy (see the
R&S FSW User Manual).

® Check level settings on both the signal generator in use and the R&S FSW MCGD
application. Increase the generator’s output level and adjust the reference level of
the MCGD application accordingly.

® Check the measurement time. Longer measurement times result in better signal to
noise ratios in the group delay calculation. The "Meas Time Auto" mode should
provide a suitable value in most cases (see "Measurement Time" on page 47).

® For absolute group delay calculation an external trigger has to be used. Check
whether an external trigger is connected and is being sent to the R&S FSW. The
trigger periodicity has to be an integer multiple of the signal's periodicity, which is 1/
carrier spacing.

® Increase the sweep count for absolute group delay calculation (for example 100
sweeps) to improve the measurement result. Use the sweep count for calibration
as well as for group delay measurement (trace averaging) to compensate for trig-
ger inaccuracies.

® Increase the carrier spacing on the used multi-carrier signal to reduce noise in the
group delay calculation. Reducing the carrier spacing for multi-carrier signals leads
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to a better frequency resolution, but also causes more noise in the calculated
group delay.

® For very low signal levels and short measurement times, the frequency estimation
used by the MCGD application to determine the exact position of the carriers can
degrade the measurement result due to uncompensated intercarrier interference.
Increase the signal generator’s output level.

10.1 Error and Status Messages

Error messages are entered in the error/event queue of the status reporting system in
the remote control mode and can be queried with the command SYSTem: ERRor?.

Warnings are not indicated in the status reporting system, but are displayed in the sta-
tus bar. A short explanation of the warning messages for the R&S FSW MCGD appli-
cation is given below.

Table 10-1: Status messages for the R&S FSW MCGD application

Status bar message Description

"No Calibration Data" The calibration measurement has not yet been performed, nor have
stored settings been loaded.

"Measurement Configuration not MCGD configuration contains a setting that is not compatible to the
compatible to Calibration Data" current calibration (reference) data.
Solution:

Repeat the calibration measurement (without the DUT) or change
the measurement settings.

"Activate external Trigger to mea- The R&S FSW MCGD application is configured to measure the
sure absolute Group Delay" absolute group delay, but no trigger is used.

Solution:

Activate an external trigger for absolute group delay measurements.
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Introduction

Remote Commands to Perform Multi-Car-
rier Group Delay Measurements

The following commands are required to perform measurements in the Multi-Carrier
Group Delay application in a remote environment. It is assumed that the R&S FSW has
already been set up for remote operation in a network as described in the R&S FSW
User Manual.

Note that basic tasks that are also performed in the base unit in the same way are not
described here. For a description of such tasks, see the R&S FSW User Manual.

In particular, this includes:
® Managing Settings and Results, i.e. storing and loading settings and result data

® Basic instrument configuration, e.g. checking the system configuration, customizing
the screen layout, or configuring networks and remote operation

® Using the common status registers

11.1

The following topics specific to Multi-Carrier Group Delay application are described
here:

O INTFOAUCTION. ...t e e e e e e e e e e e 78
®  COMMON SUFFIXES....eeeeeiiiiiiiii et e e e e e e e e e 83
e Activating Multi-Carrier Group Delay Measurements............ccccooeeeiieiiiiiiiiiiieeeee, 83
e Configuring Multi-Carrier Group Delay Measurements............ccccceviiiieeeiiiiiieenennns 87
e Measuring, Loading and Storing Calibration Data............ccccovvieiiiiiiiieniiiiieeene 113
e Configuring the ResuUlt DiSPlay.........uuuiiiiiiiieiiiiiicciiiieee e e e e e e 114
e Configuring and Performing SWEEPS.......ciiviiiiii et e 121
@  RetrieViNg RESUILS......uiuiiiccciieie s e e e e e e e e e e e e e e e eeaeneeees 127
e Analyzing Multi-Carrier Group Delay Measurements.............cccociiieiiieiiiiiieninnes 133
o Deprecated COMMANGAS........ccooiiiiiiiieeeeeecr e e e e e e e e e e e e e e e e e e e e e e e ae e reaearaaaaaaas 149
e Programming Example: Measuring Multi-Carrier Group Delay.......ccccccevveeennnnnees 154
Introduction

Commands are program messages that a controller (e.g. a PC) sends to the instru-
ment or software. They operate its functions ('setting commands' or 'events') and
request information ('query commands'). Some commands can only be used in one
way, others work in two ways (setting and query). If not indicated otherwise, the com-
mands can be used for settings and queries.

The syntax of a SCPI command consists of a header and, in most cases, one or more
parameters. To use a command as a query, you have to append a question mark after
the last header element, even if the command contains a parameter.

A header contains one or more keywords, separated by a colon. Header and parame-
ters are separated by a "white space" (ASCIl code 0 to 9, 11 to 32 decimal, e.g. blank).
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If there is more than one parameter for a command, these are separated by a comma
from one another.

Only the most important characteristics that you need to know when working with SCPI
commands are described here. For a more complete description, refer to the User
Manual of the R&S FSW.

Remote command examples
Note that some remote command examples mentioned in this general introduction may
not be supported by this particular application.

11.1.1 Conventions used in Descriptions

Note the following conventions used in the remote command descriptions:

e Command usage
If not specified otherwise, commands can be used both for setting and for querying
parameters.
If a command can be used for setting or querying only, or if it initiates an event, the
usage is stated explicitly.

® Parameter usage
If not specified otherwise, a parameter can be used to set a value and it is the
result of a query.
Parameters required only for setting are indicated as Setting parameters.
Parameters required only to refine a query are indicated as Query parameters.
Parameters that are only returned as the result of a query are indicated as Return
values.

® Conformity
Commands that are taken from the SCPI standard are indicated as SCPI con-
firmed. All commands used by the R&S FSW follow the SCPI syntax rules.

® Asynchronous commands
A command which does not automatically finish executing before the next com-
mand starts executing (overlapping command) is indicated as an Asynchronous
command.

® Reset values (*RST)
Default parameter values that are used directly after resetting the instrument (*RST
command) are indicated as *RST values, if available.

® Default unit
This is the unit used for numeric values if no other unit is provided with the parame-
ter.

® Manual operation
If the result of a remote command can also be achieved in manual operation, a link
to the description is inserted.



Introduction

11.1.2 Long and Short Form

The keywords have a long and a short form. You can use either the long or the short
form, but no other abbreviations of the keywords.

The short form is emphasized in upper case letters. Note however, that this emphasis
only serves the purpose to distinguish the short from the long form in the manual. For
the instrument, the case does not matter.

Example:
SENSe:FREQuency:CENTer is the same as SENS: FREQ: CENT.

11.1.3 Numeric Suffixes

Some keywords have a numeric suffix if the command can be applied to multiple
instances of an object. In that case, the suffix selects a particular instance (e.g. a mea-
surement window).

Numeric suffixes are indicated by angular brackets (<n>) next to the keyword.

If you don't quote a suffix for keywords that support one, a 1 is assumed.

Example:

DISPlay[:WINDow<1...4>]:Z200M:STATe enables the zoom in a particular mea-
surement window, selected by the suffix at WINDow.

DISPlay:WINDow4:ZOOM: STATe ON refers to window 4.

11.1.4 Optional Keywords

Some keywords are optional and are only part of the syntax because of SCPI compli-
ance. You can include them in the header or not.

Note that if an optional keyword has a numeric suffix and you need to use the suffix,
you have to include the optional keyword. Otherwise, the suffix of the missing keyword
is assumed to be the value 1.

Optional keywords are emphasized with square brackets.

Example:
Without a numeric suffix in the optional keyword:
[SENSe: ] FREQuency:CENTer is the same as FREQuency:CENTer

With a numeric suffix in the optional keyword:
DISPlay[:WINDow<l...4>]:Z00M:STATe

DISPlay:Z0O0OM:STATe ON enables the zoom in window 1 (no suffix).
DISPlay:WINDow4:ZOOM: STATe ON enables the zoom in window 4.
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11.1.5 Alternative Keywords

A vertical stroke indicates alternatives for a specific keyword. You can use both key-
words to the same effect.

Example:
[SENSe: ]BANDwidth |BWIDth[:RESolution]

In the short form without optional keywords, BAND 1MHZ would have the same effect
as BWID 1MHZ.

11.1.6 SCPI Parameters

Many commands feature one or more parameters.

If a command supports more than one parameter, these are separated by a comma.

Example:
LAYout :ADD:WINDow Spectrum,LEFT,MTABle

Parameters may have different forms of values.
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11.1.6.1 Numeric Values

Numeric values can be entered in any form, i.e. with sign, decimal point or exponent. In
case of physical quantities, you can also add the unit. If the unit is missing, the com-
mand uses the basic unit.

Example:
with unit; SENSe : FREQuency:CENTer 1GHZ
without unit: SENSe : FREQuency:CENTer 1E9 would also set a frequency of 1 GHz.

Values exceeding the resolution of the instrument are rounded up or down.

If the number you have entered is not supported (e.g. in case of discrete steps), the
command returns an error.

Instead of a number, you can also set numeric values with a text parameter in special

cases.
e  MIN/MAX

Defines the minimum or maximum numeric value that is supported.
e DEF

Defines the default value.
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11.1.6.3
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e UP/DOWN
Increases or decreases the numeric value by one step. The step size depends on
the setting. In some cases you can customize the step size with a corresponding
command.

Querying numeric values

When you query numeric values, the system returns a number. In case of physical
quantities, it applies the basic unit (e.g. Hz in case of frequencies). The number of dig-
its after the decimal point depends on the type of numeric value.

Example:
Setting: SENSe: FREQuency:CENTer 1GHZ
Query: SENSe : FREQuency: CENTer? would return 1£9

In some cases, numeric values may be returned as text.

® INF/NINF
Infinity or negative infinity. Represents the numeric values 9.9E37 or -9.9E37.

e NAN
Not a number. Represents the numeric value 9.91E37. NAN is returned in case of
errors.

Boolean

Boolean parameters represent two states. The "ON" state (logically true) is represen-
ted by "ON" or a numeric value 1. The "OFF" state (logically untrue) is represented by
"OFF" or the numeric value 0.

Querying boolean parameters

When you query boolean parameters, the system returns either the value 1 ("ON") or
the value 0 ("OFF").

Example:
Setting: DISPlay:WINDow:ZOOM: STATe ON
Query: DISPlay:WINDow: ZOOM: STATe? would return 1

Character Data

Character data follows the syntactic rules of keywords. You can enter text using a short
or a long form. For more information see Chapter 11.1.2, "Long and Short Form",
on page 80.

Querying text parameters

When you query text parameters, the system returns its short form.
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Example:
Setting: SENSe : BANDwidth:RESolution:TYPE NORMal
Query: SENSe :BANDwidth:RESolution:TYPE? would return NORM

11.1.6.4 Character Strings

Strings are alphanumeric characters. They have to be in straight quotation marks. You
can use a single quotation mark (') or a double quotation mark (" ).

Example:
INSTRument:DELete 'Spectrum'

11.1.6.5 Block Data

Block data is a format which is suitable for the transmission of large amounts of data.

The ASCII character # introduces the data block. The next number indicates how many
of the following digits describe the length of the data block. In the example the 4 follow-
ing digits indicate the length to be 5168 bytes. The data bytes follow. During the trans-
mission of these data bytes all end or other control signs are ignored until all bytes are
transmitted. #0 specifies a data block of indefinite length. The use of the indefinite for-
mat requires an NL~END message to terminate the data block. This format is useful
when the length of the transmission is not known or if speed or other considerations
prevent segmentation of the data into blocks of definite length.

11.2 Common Suffixes

In the R&S FSW MCGD application, the following common suffixes are used in remote
commands:

Table 11-1: Common suffixes used in remote commands in the R&S FSW MCGD application

Suffix Value range Description

<m> 1to0 16 Marker

<n> 1t06 Window (in the currently selected measurement channel)
<t> 1to4 Trace

<k> not applicable Limit line

11.3 Activating Multi-Carrier Group Delay Measurements

Multi-Carrier Group Delay measurements requires a special application on the
R&S FSW. A measurement is started immediately with the default settings.
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INSTrument:CREate:DUPLicate

This command duplicates the currently selected measurement channel, i.e creates a
new measurement channel of the same type and with the identical measurement set-
tings. The name of the new channel is the same as the copied channel, extended by a
consecutive number (e.g. "IQAnalyzer" -> "IQAnalyzer2").

The channel to be duplicated must be selected first using the INST: SEL command.

Example: INST:SEL 'IQAnalyzer'
INST:CRE:DUPL
Duplicates the channel named 'IQAnalyzer' and creates a new
measurement channel named 'lQAnalyzer2'.

Usage: Event

INSTrument:CREate[:NEW] <ChannelType>, <ChannelName>
This command adds an additional measurement channel.

The number of measurement channels you can configure at the same time depends on
available memory.

Parameters:

<ChannelType> Channel type of the new channel.
For a list of available channel types see TNSTrument :LIST?
on page 85.

<ChannelName> String containing the name of the channel. The channel name is
displayed as the tab label for the measurement channel.
Note: If the specified name for a new channel already exists, the
default name, extended by a sequential number, is used for the
new channel (see TNSTrument :LIST? on page 85).

Example: INST:CRE IQ, 'IQAnalyzer?2'
Adds an additional 1/Q Analyzer channel named "IQAnalyzer2".

INSTrument:CREate:REPLace <ChannelName1>,<ChannelType>,<ChannelName2>
This command replaces a measurement channel with another one.

Setting parameters:
<ChannelName1>  String containing the name of the measurement channel you
want to replace.
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<ChannelType> Channel type of the new channel.
For a list of available channel types see TNSTrument : LIST?
on page 85.

<ChannelName2> String containing the name of the new channel.
Note: If the specified name for a new channel already exists, the
default name, extended by a sequential number, is used for the
new channel (see INSTrument:LIST? on page 85).

Example: INST:CRE:REPL 'IQAnalyzer2',6 IQ, 'IQAnalyzer'
Replaces the channel named 'IQAnalyzer2' by a new measure-
ment channel of type 'lQ Analyzer' named '[QAnalyzer'.

Usage: Setting only

INSTrument:DELete <ChannelName>
This command deletes a measurement channel.

If you delete the last measurement channel, the default "Spectrum” channel is activa-

ted.
Parameters:
<ChannelName> String containing the name of the channel you want to delete.
A measurement channel must exist in order to be able delete it.
Example: INST:DEL 'IQAnalyzerd'
Deletes the channel with the name 'lQAnalyzer4'.
Usage: Event

INSTrument:LIST?

This command queries all active measurement channels. This is useful in order to
obtain the names of the existing measurement channels, which are required in order to
replace or delete the channels.

Return values:
<ChannelType>, For each channel, the command returns the channel type and
<ChannelName> channel name (see tables below).
Tip: to change the channel name, use the TNSTrument :
REName command.

Example: INST:LIST?
Result for 3 measurement channels:
'ADEM', 'Analog Demod', 'IQ','IQ
Analyzer', 'IQ','IQ Analyzer2'

Usage: Query only
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Table 11-2: Available measurement channel types and default channel names in Signal and Spectrum

Analyzer mode

Application <ChannelType> Default Channel Name*)
Parameter

Spectrum SANALYZER Spectrum
1XEV-DO BTS (R&S FSW-K84) BDO 1XEV-DO BTS
1XEV-DO MS (R&S FSW-K85) MDO 1XEV-DO MS
3GPP FDD BTS (R&S FSW-K72) BWCD 3G FDD BTS
3GPP FDD UE (R&S FSW-K73) MWCD 3G FDD UE
802.11ad (R&S FSW-K95) WIGIG 802.11ad
Amplifier Measurements (R&S FSW-K18) AMPLifier Amplifier
Analog Demodulation (R&S FSW-K7) ADEM Analog Demod
Avionics (R&S FSW-K15) AVlonics Avionics
c¢dma2000 BTS (R&S FSW-K82) BC2K CDMAZ2000 BTS
cdma2000 MS (R&S FSW-K83) MC2K CDMA2000 MS
DOCSIS 3.1 (R&S FSW-K192/193) DOCSis DOCSIS 3.1
GSM (R&S FSW-K10) GSM GSM
1/Q Analyzer 1Q 1Q Analyzer
LTE (R&S FSW-K10x) LTE LTE
Multi-Carrier Group Delay (R&S FSW-K17) | MCGD MC Group Delay
Noise (R&S FSW-K30) NOISE Noise
Phase Noise (R&S FSW-K40) PNOISE Phase Noise
Pulse (R&S FSW-K6) PULSE Pulse
Real-Time Spectrum (R&S FSW-B160R/- RTIM Real-Time Spectrum
K160RE)
Spurious Measurements (R&S FSW-K50) SPUR Spurious
TD-SCDMA BTS (R&S FSW-K76) BTDS TD-SCDMA BTS
TD-SCDMA UE (R&S FSW-K77) MTDS TD-SCDMA UE
Transient Analysis (R&S FSW-K60) TA Transient Analysis
VSA (R&S FSW-K70) DDEM VSA
WLAN (R&S FSW-K91) WLAN WLAN
*) the default channel name is also listed in the table. If the specified name for a new channel already
exists, the default name, extended by a sequential number, is used for the new channel.

INSTrument:REName <ChannelName1>, <ChannelName2>

This command renames a measurement channel.
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Parameters:
<ChannelName1>  String containing the name of the channel you want to rename.

<ChannelName2> String containing the new channel name.

Note that you cannot assign an existing channel name to a new
channel; this will cause an error.

Example: INST:REN 'IQAnalyzer2',6 'IQAnalyzer3'
Renames the channel with the name 'IQAnalyzer2' to 'lQAna-
lyzer3'.

Usage: Setting only

INSTrument[:SELect] <ChannelType> | <ChannelName>

This command activates a new measurement channel with the defined channel type,
or selects an existing measurement channel with the specified name.

See also INSTrument :CREate [ :NEW] on page 84.

Parameters:
<ChannelType> MCGD

Multi-Carrier Group Delay application, R&S FSW-K17
For a list of available channel types see Table 11-2.

<ChannelName> String containing the name of the channel.

SYSTem:PRESet:CHANnNel[:EXECute]

This command restores the default instrument settings in the current channel.

Use INST:SEL to select the channel.

Example: INST:SEL 'Spectrum2'

Selects the channel for "Spectrum?2".
SYST:PRES:CHAN:EXEC

Restores the factory default settings to the "Spectrum2" channel.

Usage: Event

Manual operation: See "Preset Channel" on page 27

Configuring Multi-Carrier Group Delay Measurements

The commands required to configure a Multi-Carrier Group Delay measurement in a
remote environment are described here.

L 1T o | PSR 88
Configuring the Vertical Axis (Amplitude, Scaling)......cccoceeveieieiiiiicciiiieeeeeee e 90
L C=To [1=T o o Y2 USRS 98
Triggering MeasUrEMENTS. .....cccii it 100



Configuring Multi-Carrier Group Delay Measurements

o Multi-Carrier Configuration............oo i 106
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11.4.1 RF Input
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INPut:ATTenuation:PROTection:RESet

This command resets the attenuator and reconnects the RF input with the input mixer
after an overload condition occurred and the protection mechanism intervened. The
error status bit (bit 3 in the STAT: QUES : POW status register) and the INPUT OVLD
message in the status bar are cleared.

(For details on the status register see the R&S FSW User Manual).
The command works only if the overload condition has been eliminated first.

Usage: Event

INPut:COUPIling <CouplingType>

This command selects the coupling type of the RF input.

Parameters:
<CouplingType> AC
AC coupling
DC
DC coupling
*RST: AC
Example: INP:COUP DC
Usage: SCPI confirmed

Manual operation:  See "Input Coupling” on page 28

INPut:DPATh <State>

Enables or disables the use of the direct path for frequencies close to 0 Hz.



Configuring Multi-Carrier Group Delay Measurements

Parameters:
<State> AUTO |1
(Default) the direct path is used automatically for frequencies
close to 0 Hz.
OFF | 0
The analog mixer path is always used.
*RST: 1
Example: INP:DPAT OFF
Usage: SCPI confirmed

Manual operation: See "Direct Path" on page 29

INPut:FILTer:HPASs[:STATe] <State>

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 R&S FSW in order to mea-
sure the harmonics for a DUT, for example.

This function requires an additional high-pass filter 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.)

Parameters:
<State> ON | OFF
*RST: OFF
Example: INP:FILT:HPAS ON
Turns on the filter.
Usage: SCPI confirmed

Manual operation: See "High-Pass Filter 1...3 GHz" on page 29

INPut:FILTer:YIG[:STATe] <State>
This command turns the YIG-preselector on and off.

Note the special conditions and restrictions for the YIG-preselector described in "YIG-
Preselector" on page 29.

Parameters:
<State> ON|OFF|0]1
*RST: 1 (0 for I/Q Analyzer, GSM, VSA, Pulse, Amplifier,
Transient Analysis, DOCSIS and MC Group Delay
measurements)
Example: INP:FILT:YIG OFF

Deactivates the YIG-preselector.

Manual operation: See "YIG-Preselector" on page 29
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INPut:IMPedance <Impedance>

This command selects the nominal input impedance of the RF input. In some applica-
tions, only 50 Q are supported.

75 Q should be selected if the 50 Q input impedance is transformed to a higher impe-
dance using a matching pad of the RAZ type (= 25 Q in series to the input impedance
of the instrument). The power loss correction value in this case is 1.76 dB = 10 log

(75Q/50Q).
Parameters:
<Impedance> 50|75

*RST: 50 Q
Example: INP:IMP 75
Usage: SCPI confirmed

Manual operation: See "Impedance" on page 28

INPut:SELect <Source>

This command selects the signal source for measurements, i.e. it defines which con-
nector is used to input data to the R&S FSW.

If no additional input options are installed, only RF input is supported.

Parameters:

<Source> RF
Radio Frequency ("RF INPUT" connector)
*RST: RF

Manual operation: See "Radio Frequency State" on page 28

11.4.2 Configuring the Vertical Axis (Amplitude, Scaling)

The following commands are required to configure the amplitude and vertical axis set-
tings in a remote environment.

0 AMPIItUAE SetliNGS. .ciiiiiiieiie e 90
L I N 4 (Y a1 = L1 T TR 91
o  Configuring @ Preamplifier..........uuiii e 93
o  Scaling the Y-AXIS (FUNIS)...uuuiiiiirieiiie it e e e 94

11.4.2.1 Amplitude Settings

DISPlay[:WINDOw<n>]: TRACE<t>:Y[:SCALEI:RLEVEL. ......eeeerereeeereeeerieeereeeseeseseeseereseenees 90
DISPlay[:WINDow<n>]: TRACe<t>:Y[:SCALE]:RLEVEI:OFFSEL........vreeeereeeereeeeseesereereseeseeenne 91

DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe]:RLEVel <ReferencelLevel>

This command defines the reference level (for all traces in all windows).
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With a reference level offset + 0, the value range of the reference level is modified by

the offset.

Suffix:

<n>, <t> irrelevant

Parameters:

<ReferencelLevel> The unit is variable.
Range: see datasheet
*RST: 0 dBm

Example: DISP:TRAC:Y:RLEV -60dBm

Usage: SCPI confirmed

Manual operation: See "Reference Level" on page 31

DISPlay[:WINDow<n>]: TRACe<t>:Y[:SCALe]:RLEVel:OFFSet <Offset>

This command defines a reference level offset (for all traces in all windows).

Suffix:

<n>, <t> irrelevant

Parameters:

<Offset> Range: -200 dB to 200 dB
*RST: 0dB

Example: DISP:TRAC:Y:RLEV:OFFS -10dB

Manual operation: See "Shifting the Display (Offset)" on page 31

11.4.2.2 Attenuation

TN o2 I =Yg U= o] o RN 91
INPUt:ATTEeNUAtiON:AUTO. ... et e e e e e e e e e e eaaeeeennnas 92
1N = 0 92
1N = 2 O N X TN 92
INP UL E AT T S T AT €. ittt e e e et e e et e e e e e e e e e eeeeeeeeeeses s s ba b e b aeseseesesanaaaaeeeeerenes 93

INPut:ATTenuation <Attenuation>
This command defines the total attenuation for RF input.

If an electronic attenuator is available and active, the command defines a mechanical
attenuation (see INPut:EATT:STATe on page 93).

If you set the attenuation manually, it is no longer coupled to the reference level, but
the reference level is coupled to the attenuation. Thus, if the current reference level is
not compatible with an attenuation that has been set manually, the command also
adjusts the reference level.
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Parameters:
<Attenuation> Range: see data sheet
Increment: 5 dB
*RST: 10 dB (AUTO is set to ON)
Example: INP:ATT 30dB
Defines a 30 dB attenuation and decouples the attenuation from
the reference level.
Usage: SCPI confirmed

Manual operation: See "Attenuation Mode / Value" on page 31

INPut:ATTenuation:AUTO <State>

This command couples or decouples the attenuation to the reference level. Thus, when
the reference level is changed, the R&S FSW determines the signal level for optimal
internal data processing and sets the required attenuation accordingly.

Parameters:
<State> ON|OFF |0 |1
*RST: 1
Example: INP:ATT:AUTO ON
Couples the attenuation to the reference level.
Usage: SCPI confirmed

Manual operation: See "Attenuation Mode / Value" on page 31

INPut:EATT <Attenuation>

This command defines an electronic attenuation manually. Automatic mode must be
switched off (INP:EATT:AUTO OFF, see INPut:EATT:AUTO on page 92).

If the current reference level is not compatible with an attenuation that has been set
manually, the command also adjusts the reference level.

Parameters:
<Attenuation> attenuation in dB
Range: see data sheet
Increment: 1 dB
*RST: 0 dB (OFF)
Example: INP:EATT:AUTO OFF

INP:EATT 10 dB

Manual operation: See "Using Electronic Attenuation” on page 32
INPut:EATT:AUTO <State>

This command turns automatic selection of the electronic attenuation on and off.

If on, electronic attenuation reduces the mechanical attenuation whenever possible.
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Parameters:
<State> 1]0| ON | OFF

1] ON

0| OFF

*RST: 1
Example: INP:EATT:AUTO OFF

Manual operation: See "Using Electronic Attenuation" on page 32

INPut:EATT:STATe <State>

This command turns the electronic attenuator on and off.

Parameters:
<State> 1]0]| ON | OFF

1] ON

0| OFF

*RST: 0
Example: INP:EATT:STAT ON

Switches the electronic attenuator into the signal path.

Manual operation: See "Using Electronic Attenuation” on page 32

Configuring a Preamplifier

L U T [N RS 1N I P 93
INPUEGAINLVALUE] . c.evvtvetttttteeeeeeeeeeeeeeeeeeeeeeeeeeeeeeesesstsssabas e seseseeaaaaaseseseseersesssesrsrasanns 93

INPut:GAIN:STATe <State>

This command turns the preamplifier on and off. It requires the optional preamplifier
hardware.

Parameters:
<State> ON | OFF
*RST: OFF
Example: INP:GAIN:STAT ON
Switches on 30 dB preamplification.
Usage: SCPI confirmed

Manual operation: See "Preamplifier" on page 32

INPut:GAIN[:VALue] <Gain>

This command selects the gain if the preamplifier is activated (INP:GAIN: STAT ON,
see TNPut:GATIN:STATe on page 93).

The command requires the additional preamplifier hardware option.
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Parameters:
<Gain> 15dB | 30dB

The availability of gain levels depends on the model of the
R&S FSW.

R&S FSW8/13: 15dB and 30 dB

R&S FSW26 or higher: 30 dB

All other values are rounded to the nearest of these two.

*RST: OFF

Example: INP:GAIN:STAT ON
INP:GAIN:VAL 30
Switches on 30 dB preamplification.

Usage: SCPI confirmed

Manual operation: See "Preamplifier" on page 32

Scaling the Y-Axis (+Units)

DISPlay[:WINDOW<N>]: TRACE<t> Y [:SCALE. . it tetettuieeeeeeeeiee e e e e eetnae e e e e eeeaaaesaeeeennneeaeeees 94
DISPlay[:WINDow<n>]:-TRACE<t>:Y[:SCALEL:MAXIMUM. .......cvvrereereereeeeeeseeeeseseseeneseeeennen. 94
DISPlay[:WINDow<n>]:-TRACE<t>:Y[:SCALEL:MINIMUM. ......cvveeeeeeeeeereeeeereeseeeeeseeseeeseenesesees 95
DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALE:MODE.........cttuiireriieeee e 95
DISPlay[:WINDow<n>]:-TRACe<t>:Y[:SCALE]:PDIVISION.........cceereiierereeeeernrnririeeee e 96
DISPlay[:WINDow<n>]:-TRACe<t>:Y[:SCALE[:RPOSIION......uuuueeiiieieieieeeeeeeeeeeeeeeeeeeeeeeeeeinens 96
DISPlay[:WINDow<n>]:TRACE<t>:Y[:SCALEJ:RVALUE......ccevrtrrrrreriiiiiieieieeeeeeeaeaeeeeeeeeenenens 96
DISPIlay[:WINDow<n>]:TRACE<t>:Y :SPACING. ...ututuuuuuaaaaa e eeeeeeeeeeeeeeeeeeeeeeeaeeeeeebnnanes 97
L0 I NN LN 97

DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe] <Range>

This command defines the display range of the y-axis (for all traces).

Suffix:

<n> Window

<t> irrelevant

Example: DISP:TRAC:Y 110dB
Usage: SCPI confirmed

Manual operation: See "Range" on page 34

DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe]:MAXimum <Value>

This command defines the maximum value of the y-axis for all traces in the selected
result display.

Suffix:
<n> Window
<t> irrelevant
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Parameters:
<Value> <numeric value>

*RST: depends on the result display

The unit and range depend on the result display.
Example: DISP:TRAC:Y:MIN -60

DISP:TRAC:Y:MAX 0
Defines the y-axis with a minimum value of -60 and maximum
value of 0.

Manual operation: See "Defining Min and Max Values" on page 35

DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe]:MINimum <Value>

This command defines the minimum value of the y-axis for all traces in the selected
result display.

Suffix:
<n> Window
<t> irrelevant
Parameters:
<Value> <numeric value>
*RST: depends on the result display
The unit and range depend on the result display.
Example: DISP:TRAC:Y:MIN -60

DISP:TRAC:Y:MAX 0O
Defines the y-axis with a minimum value of -60 and maximum
value of 0.

Manual operation: See "Defining Min and Max Values" on page 35

DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe]:MODE <Mode>
This command selects the type of scaling of the y-axis (for all traces).

When the display update during remote control is off, this command has no immediate

effect.

Suffix:

<n> Window

<t> irrelevant

Parameters:

<Mode> ABSolute
absolute scaling of the y-axis
RELative
relative scaling of the y-axis
*RST: ABSolute

Example: DISP:TRAC:Y:MODE REL
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Manual operation: See "Scaling" on page 35
See "Scale Mode" on page 36

DISPlay[:WINDow<n>]: TRACe<t>:Y[:SCALe]:PDIVision <Value>

This remote command determines the grid spacing on the Y-axis for all diagrams,
where possible.

Suffix:

<n> Window

<t> irrelevant

Parameters:

<Value> numeric value WITHOUT UNIT (unit according to the result dis-
play)
Defines the range per division (total range = 10*<Value>)
*RST: depends on the result display

Example: DISP:TRAC:Y:PDIV 10

Sets the grid spacing to 10 units (e.g. dB) per division

Manual operation: See "Range per Division" on page 35

DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe]:RPOSition <Position>

This command defines the vertical position of the reference level on the display grid
(for all traces).

The R&S FSW adjusts the scaling of the y-axis accordingly.

Suffix:

<n> Window

<t> irrelevant

Parameters:

<Position> 0 PCT corresponds to the lower display border, 100% corre-
sponds to the upper display border.
*RST: 100 PCT = frequency display; 50 PCT = time dis-

play
Example: DISP:TRAC:Y:RPOS 50PCT
Usage: SCPI confirmed

Manual operation: See "Ref Level Position" on page 34
See "Y-Axis Reference Position" on page 35

DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe]:RVALue <Value>

The command defines the power value assigned to the reference position in the grid
(for all traces).
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For external generator calibration measurements (requires the optional External Gen-
erator Control), this command defines the power offset value assigned to the reference

position.

Suffix:
<n>

<t>

Parameters:
<Value>

Example:

Manual operation:

Window

irrelevant

*RST: 0 dBm, coupled to reference level

DISP:TRAC:Y:RVAL -20dBm
Sets the power value assigned to the reference position to -20
dBm

See "Y-Axis Reference Value" on page 35

DISPlay[:WINDow<n>]:TRACe<t>:Y:SPACing <ScalingType>

This command selects the scaling of the y-axis (for all traces, <t> is irrelevant).

Suffix:
<n>

<t>

Parameters:
<ScalingType>

Example:

Usage:

Manual operation:

UNIT:ANGLe <Unit>

Window

Trace

LOGarithmic
Logarithmic scaling.

LINear

Linear scaling in %.

LDB

Linear scaling in the specified unit.
PERCent

Linear scaling in %.

*RST: LOGarithmic

DISP:TRAC:Y:SPAC LIN
Selects linear scaling in %.

SCPI confirmed
See "Scaling" on page 35

This command selects the unit for angles (for phase displays).

Parameters:
<Unit>

Example:

DEG | RAD
*RST: DEG

UNIT:ANGL DEG
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Manual operation: See "Phase Unit (Rad/Deg)" on page 36

11.4.3 Frequency

[SENSE:JFREQUENCY:CENTET . ... e e e e e e e e e e e e e e e ee et eeeeeeaeeeata e e e e e e e e e e eaeaaaaaaaeeeeeeeannnes 98
[SENSE:JFREQUENCY:CENTEISTEP. ....c..eieeeeeeeeeeeeeeeeeeseseeseseeseeeeseseeseseesseeseeneseeneseeneseeeen 98
[SENSe:]JFREQUENCY:CENTENRSTEP:AUTO . ..uiiiiiieeieeeeeeeeeeeeeeeeeeeeeeete e e e e e e e e e 99
[SENSe:IFREQUENCY:CENTENSTEP:LINK.....cciiiiiiiitieietiaaaeaeeeeeeeeeeseeaeeseseeeeeeeeeeenenennnnnnns 99
[SENSe:]JFREQuUeNcy:CENTErSTEP:LINKIFACTO N .uuuuiiiiiiieiiieeeeereeien e e s eeteese s e eseennn e e aeees 99
[SENSE:JFREQUENCY:OFFSEL..uuuiiiiiiiiiiieeieeiiie e ettt s e e e e e etaee s e e e e et e e e e eeaena e e e eseeaanaeaaees 99

[SENSe:]JFREQuency:CENTer <Frequency>
This command defines the center frequency.

Parameters:
<Frequency> The allowed range and f,,,, is specified in the data sheet.

UP
Increases the center frequency by the step defined using the
[SENSe: ] FREQuency:CENTer : STEP command.

DOWN
Decreases the center frequency by the step defined using the
[SENSe: ] FREQuency:CENTer: STEP command.

*RST: fmax/2
Default unit: Hz

Example: FREQ:CENT 100 MHz
FREQ:CENT:STEP 10 MHz
FREQ:CENT UP
Sets the center frequency to 110 MHz.

Usage: SCPI confirmed

Manual operation: See "Center frequency" on page 37

[SENSe:]JFREQuency:CENTer:STEP <StepSize>
This command defines the center frequency step size.

You can increase or decrease the center frequency quickly in fixed steps using the
SENS:FREQ UP AND SENS:FREQ DOWN commands, see [SENSe: ] FREQuency:
CENTer on page 98.

Parameters:

<StepSize> frax IS specified in the data sheet.
Range: 1 to fTMAX
*RST: 0.1 x span

Default unit: Hz
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Example: FREQ:CENT 100 MHz
FREQ:CENT:STEP 10 MHz
FREQ:CENT UP
Sets the center frequency to 110 MHz.

Manual operation: See "Center Frequency Stepsize" on page 37

[SENSe:JFREQuency:CENTer:STEP:AUTO <State>

This command couples or decouples the center frequency step size to the span.

Parameters:
<State> ON|OFF |01
*RST: 1
Example: FREQ:CENT:STEP:AUTO ON

Activates the coupling of the step size to the span.

[SENSe:]JFREQuency:CENTer:STEP:LINK <CouplingType>

This command couples and decouples the center frequency step size to the span or
the resolution bandwidth.

Parameters:

<CouplingType> SPAN
Couples the step size to the span. Available for measurements
in the frequency domain.

OFF
Decouples the step size.

*RST: SPAN

Example: FREQ:CENT:STEP:LINK SPAN

[SENSe:]JFREQuency:CENTer:STEP:LINK:FACTor <Factor>

This command defines a step size factor if the center frequency step size is coupled to

the span.
Parameters:
<Factor> 1to0 100 PCT
*RST: 10
Example: FREQ:CENT:STEP:LINK:FACT 20PCT

[SENSe:]JFREQuency:OFFSet <Offset>
This command defines a frequency offset.

If this value is not 0 Hz, the application assumes that the input signal was frequency
shifted outside the application. All results of type "frequency" will be corrected for this
shift numerically by the application.



11.4.4

11.4.41

Configuring Multi-Carrier Group Delay Measurements

See also "Frequency Offset" on page 38.

Parameters:

<Offset> Range: -100 GHz to 100 GHz
*RST: 0 Hz

Example: FREQ:0OFFS 1GHZ

Usage: SCPI confirmed

Manual operation: See "Frequency Offset” on page 38

Triggering Measurements

Useful commands for triggering described elsewhere:
® [SENSe:]FREQuency:CENTer on page 98

Remote commands exclusive to triggering:

e Configuring the Triggering ConditioNS............eeiiiiiiiiiiiiiiee e 100
e Configuring the Trigger OUIPUL.......cooi i 104

Configuring the Triggering Conditions

TRIGQEN: SEQUENCETDTIME...uuuiiiiiieiiie et e ettt iee e e ettt e e e e e et e s e e e e e aaa s e s e eeeaaseseeeeeetaaeeaaens 100
TRIGger[:SEQUeNnce]:HOLDOF: TIME]. ....cceeieeeeeeeeeeee ettt e e e e e e e e e eaeeeeeees 100
TRIGger[:SEQuence]:IFPOWErHOLDO. .......eueiiitieeaaaee e e e 101
TRIGger[:SEQUEeNCE]: IFPOWEIHY STErESIS. . .uuuuueuuaaaaaie e e e e e eeeeeeeeeeeeeee e e s 101
TRIGger[:SEQuence]:LEVel[:EXTErNal<port>]........u.uuceeereiereeeeeeeeeeaeaeeeeeeeeeeeeneerennnnnnnnnnnnn 101
TRIGQEr[:SEQUENCE]:LEVEIIFPOWET......cutieeteeiiieeie e e e e e e e e e eeee e e e e eeee e eeeeernran e e e e as 102
TRIGQer[:SEQUENCE]:LEVELIQPOWET. .....cccutieieieieeiiices e e et e e e e et s e e s e e e e s e e e eeane s e eaeees 102
TRIGQer:SEQUENCE]:LEVEIRFPOWET.....ciiceeieiiei e et ee e e et e e e e e e e e e e eeanaeeaees 102
TRIGger[:SEQuUence]:RFPOWErHOLDOR. ......coiiieieeieeeee e 103
TRIGE:SEQUENCE]:SLOPE. ...t e et eeee ettt e e e e e e e e e e e e e eeeeeeeeeeeneenennnnnnnnan 103
TRIGQEr:SEQUENCEI:SOURGE. ... .cceeiiieeeeeeeeeeeeeeeeeete e e e e s e s e s eeeaaaaaeseseeeeeeeeesessarasananas 103

TRIGger[:SEQuence]:DTIMe <DropoutTime>

Defines the time the input signal must stay below the trigger level before a trigger is
detected again.

Parameters:

<DropoutTime> Dropout time of the trigger.
Range: 0sto10.0s
*RST: Os

Manual operation: See "Drop-Out Time" on page 41

TRIGger[:SEQuence]:HOLDoff[: TIME] <Offset>

Defines the time offset between the trigger event and the start of the sweep .
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Parameters:
<Offset> *RST: 0s
Example: TRIG:HOLD 500us

Manual operation: See "Trigger Offset" on page 41

TRIGger[:SEQuence]:IFPower:HOLDoff <Period>
This command defines the holding time before the next trigger event.

Note that this command can be used for any trigger source, not just IF Power
(despite the legacy keyword).

Parameters:

<Period> Range: O0s to 10s
*RST: Os

Example: TRIG:SOUR EXT

Sets an external trigger source.
TRIG:IFP:HOLD 200 ns

Sets the holding time to 200 ns.

Manual operation: See "Trigger Holdoff" on page 42

TRIGger[:SEQuence]:IFPower:HYSTeresis <Hysteresis>

This command defines the trigger hysteresis, which is only available for "IF Power" trig-
ger sources.

Parameters:

<Hysteresis> Range: 3dB to 50 dB
*RST: 3dB

Example: TRIG:SOUR IFP

Sets the IF power trigger source.
TRIG:IFP:HYST 10DB

Sets the hysteresis limit value.

Manual operation: See "Hysteresis" on page 42

TRIGger[:SEQuence]:LEVel[:EXTernal<port>] <TriggerLevel>

This command defines the level the external signal must exceed to cause a trigger
event.

Note that the variable INPUT/OUTPUT connectors (ports 2+3) must be set for use as
input using the OUTPut : TRIGger<port>:DIRection command.
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Suffix:

<port> Selects the trigger port.
1 = trigger port 1 (TRIGGER INPUT connector on front panel)
2 = trigger port 2 (TRIGGER INPUT/OUTPUT connector on front
panel)
3 = trigger port 3 (TRIGGER3 INPUT/OUTPUT connector on
rear panel)

Parameters:

<TriggerLevel> Range: 05V to 3.5V
*RST: 14V

Example: TRIG:LEV 2V

Manual operation: See "Trigger Level" on page 41

TRIGger[:SEQuence]:LEVel:IFPower <TriggerLevel>

This command defines the power level at the third intermediate frequency that must be
exceeded to cause a trigger event. Note that any RF attenuation or preamplification is
considered when the trigger level is analyzed. If defined, a reference level offset is also

considered.

Parameters:

<TriggerLevel> For details on available trigger levels and trigger bandwidths see
the data sheet.
*RST: -10 dBm

Example: TRIG:LEV:IFP -30DBM

Manual operation: See "Trigger Level" on page 41

TRIGger[:SEQuence]:LEVel:IQPower <TriggerLevel>

This command defines the magnitude the I/Q data must exceed to cause a trigger
event. Note that any RF attenuation or preampilification is considered when the trigger
level is analyzed.

Parameters:

<TriggerLevel> Range: -130 dBm to 30 dBm
*RST: -20 dBm

Example: TRIG:LEV:IQP -30DBM

Manual operation: See "Trigger Level" on page 41

TRIGger[:SEQuence]:LEVel:RFPower <TriggerLevel>

This command defines the power level the RF input must exceed to cause a trigger
event. Note that any RF attenuation or preamplification is considered when the trigger
level is analyzed. If defined, a reference level offset is also considered.

The input signal must be between 500 MHz and 8 GHz.
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Parameters:

<TriggerLevel> For details on available trigger levels and trigger bandwidths see
the data sheet.
*RST: -20 dBm

Example: TRIG:LEV:RFP -30dBm

TRIGger[:SEQuence]:RFPower:HOLDoff <Time>

This command defines the holding time before the next trigger event. Note that this
command is available for any trigger source, not just RF Power.

Note that this command is maintained for compatibility reasons only. Use the
TRIGger [:SEQuence] : IFPower : HOLDof f on page 101 command for new remote
control programs.

Parameters:
<Time> Default unit: S

TRIGger[:SEQuence]:SLOPe <Type>

Parameters:
<Type> POSitive | NEGative

POSitive
Triggers when the signal rises to the trigger level (rising edge).

NEGative
Triggers when the signal drops to the trigger level (falling edge).

*RST: POSitive
Example: TRIG:SLOP NEG

Manual operation: See "Slope" on page 42

TRIGger[:SEQuence]:SOURce <Source>
This command selects the trigger source.
Note on external triggers:

If a measurement is configured to wait for an external trigger signal in a remote control
program, remote control is blocked until the trigger is received and the program can
continue. Make sure this situation is avoided in your remote control programs.
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Parameters:
<Source> IMMediate
Free Run

EXTernal
Trigger signal from the TRIGGER INPUT connector.

EXT2
Trigger signal from the TRIGGER INPUT/OUTPUT connector.
Note: Connector must be configured for "Input”.

EXT3
Trigger signal from the TRIGGER 3 INPUT/ OUTPUT connector.
Note: Connector must be configured for "Input".

RFPower
First intermediate frequency

IFPower
Second intermediate frequency

IQPower

Magnitude of sampled I/Q data

For applications that process 1/Q data, such as the 1/Q Analyzer
or optional applications.

*RST: IMMediate

Example: TRIG:SOUR EXT
Selects the external trigger input as source of the trigger signal

Manual operation: See "Trigger Source" on page 39
See "Free Run" on page 40
See "External Trigger 1/2/3" on page 40
See "IF Power" on page 40
See "RF Power" on page 41
See "I/Q Power" on page 41
See "Trigger Source" on page 48

Configuring the Trigger Output

The following commands are required to send the trigger signal to one of the variable
TRIGGER INPUT/OUTPUT connectors on the R&S FSW.

OUTPULTRIGGEr<port>:DIRECHON. . cceeeeeieee et eee e e ceeeeeeeee ettt rese s e e e e e e eeeaaeeeeeeeeeeeeesnens 104
OUTPULTRIGGEIr<POIt>ILEVEL ...cciiiiiiiiieieeeeeeeeeee e e e e e e e e e e e e e e e e eeeeeeaeeennanas 105
OUTPUL TRIGGEIr<POIt> 0T Y P . et e e e e eee e et e e e e e e e e e e e e e e aeeeeeeeeeenannenens 105
OUTPuUt:TRIGger<port>:PULSe:IMMeEIate. .....cceerriruereeeiaaaaaaa e e e e e e e eeee e e e e e 106
OUTPUt: TRIGQer<port>:PULSE:LENGIN.......cceveuiiiiiiiiceie e eeeeeeeeeeeeeeeeeeeeeeeeevevevearanaananas 106

OUTPut:TRIGger<port>:DIRection <Direction>

This command selects the trigger direction for trigger ports that serve as an input as
well as an output.
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Suffix:

<port> Selects the used trigger port.
2 = trigger port 2 (front panel)
3 = trigger port 3 (rear panel)

Parameters:

<Direction> INPut
Port works as an input.
OUTPut
Port works as an output.
*RST: INPut

Manual operation: See "Trigger 2/3" on page 42

OUTPut:TRIGger<port>:LEVel <Level>

This command defines the level of the (TTL compatible) signal generated at the trigger
output.

This command works only if you have selected a user defined output with OUTPut :
TRIGger<port>:0TYPe.

Suffix:
<port> Selects the trigger port to which the output is sent.
2 = trigger port 2 (front)
3 = trigger port 3 (rear)
Parameters:
<Level> HIGH
5V
LOW
oV
*RST: LOW
Example: OUTP:TRIG2:LEV HIGH

Manual operation: See "Level" on page 43

OUTPut:TRIGger<port>:0TYPe <OutputType>
This command selects the type of signal generated at the trigger output.

Suffix:

<port> Selects the trigger port to which the output is sent.
2 = trigger port 2 (front)
3 = trigger port 3 (rear)
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Parameters:

<OutputType> DEVice
Sends a trigger signal when the R&S FSW has triggered inter-
nally.
TARMed

Sends a trigger signal when the trigger is armed and ready for
an external trigger event.

UDEFined
Sends a user defined trigger signal. For more information see
OUTPut:TRIGger<port>:LEVel.

*RST: DEVice
Manual operation: See "Output Type" on page 43

OUTPut:TRIGger<port>:PULSe:IMMediate

This command generates a pulse at the trigger output.

Suffix:

<port> Selects the trigger port to which the output is sent.
2 = trigger port 2 (front)
3 = trigger port 3 (rear)

Usage: Event

Manual operation: See "Send Trigger" on page 43

OUTPut:TRIGger<port>:PULSe:LENGth <Length>

This command defines the length of the pulse generated at the trigger output.

Suffix:

<port> Selects the trigger port to which the output is sent.
2 = trigger port 2 (front)
3 = trigger port 3 (rear)

Parameters:

<Length> Pulse length in seconds.

Example: OUTP:TRIG2:PULS:LENG 0.02

Manual operation: See "Pulse Length" on page 43

Multi-Carrier Configuration

The following commands are required to configure the multi-carrier measurement.

CALCUIate:GRPDEIAY:MODE......uuuuiieieeieieeeeeeeeeeeieieeeeeeeeerersstaras e seeeeeasaesaseseerereesens 107
CALCuUlate:GRPDElaY:REFEIENCE. .. ..ciieieieeeeeeeeeeei e eeeeeeeeeetet s s e e e e e e e e e aaaaaaaaaeeeeeaeeens 107
CALCulate:GRPDelay:REFerence:FREQUENCY..........uaaaiaiaaaeaaeaeaeaaaieieeeeeeeeeaeeeeenennn s 108
[SENSe:]BANDWIAIh:DEMOUA?.. .. e ettt ettt e e e e e e e e e e e e e e een 108
[SENSE:IBWIDh:DEMOA?. ..c.ieeieiieieeeie et ettt e et ee et et e e e e ee e e e e s e e e e e e enaeeannns 108
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[SENSE:JCARRIEICOUNL. ....eiiiiii e e et e e e e e e e e e e e eneeans 108
[SENSe:]CARRIErOFFSEt:MODE....... ettt e a e e e eaaas 108
[SENSE:JCARRIEIESPACING. ... tveeeeseeeeseeseesseseesesesesessessesssesseessessesseseseessesseeseseseessesseeenns 109
[SENSE:]JFREQUENCY:SPAN.......cciiiiieieieeeeeeeeeee et e e e s e e e e e e e eeaeeeeeeeeeeeeeaerssrabar i nns 109
[SENSE:IMTIMEAUTO oo eeeeeeeeeseseeeeeeseseseseseseeseseseseeseseseseeseseseenesesesesesesesesesenen 109
[SENSE:IMTIME? . eeeeeee e eeseeeeeeseseseeseseseeeeseseseeseseseeeeseseseeseseseeneseseseeneseseeneseseseenenens 110
[SENSE: JCARRIEI OFF S 2. .t e e eas 110
[SENSEIRLENGHN?. ... eeeeseeeeeeeeeeeseseeeeeseeseesesseseeseeseeseesesseeseseeseeseeeeseeseseeeeenesranes 110
[SENSEISRATE?. c...veeteeeeee et eseeeeeseeseeeeeeesteseeseeseeeseeseseeseeseeeeee s eseseeeseseeseereseeseesseseans 110

CALCulate:GRPDelay:MODE <GroupDelayAbsRel>

This command sets the group delay mode for multi carriers to either absolute or rela-
tive or queries its current state.

Parameters:

<GroupDelayAbsRel> ABSolute | RELative
ABSolute
Calculates the absolute group delay; requires an external trigger
RELative

Calculates the relative group delay; the reference is configured
by CALCulate:GRPDelay:REFerence.

*RST: RELative

Manual operation: See "Group Delay Mode" on page 47

CALCulate:GRPDelay:REFerence <RefType>

Determines the reference used for relative group delay measurement.

Parameters:

<RefType> AVERage
(Default:) The average group delay is used as a reference
CENTer
The group delay measured for the center frequency is used as a
reference
MANual
The group delay measured at the user-defined reference carrier
frequency is used as a reference (see CALCulate:GRPDelay:
REFerence:FREQuency on page 108)
*RST: AVERage

Example: CALC:GRPD:MODE REL

CALC:GRPD:REF MAN
CALC:GRPD:REF:FREQ 5GHZ

Manual operation: See "Reference for relative Calculation / Reference Carrier Fre-
quency" on page 48
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CALCulate:GRPDelay:REFerence:FREQuency <RefCarrFreq>

Determines the frequency of the reference carrier used for relative group delay calcula-
tion. The group delay measured at this frequency is used as a reference.

Parameters:
<RefCarrFreg> <numeric value>
Example: CALC:GRPD:MODE REL

CALC:GRPD:REF MAN
CALC:GRPD:REF:FREQ 5GHZ

Manual operation: See "Reference for relative Calculation / Reference Carrier Fre-
quency" on page 48

[SENSe:]BANDwidth:DEMod?
[SENSe:]BWIDth:DEMod?

Queries the measurement bandwidth in Hz

Return values:
<Bandwidth> Default unit: HZ

Usage: Query only

[SENSe:]CARRier:COUNt <Count>
Sets/queries the number of carriers.

Parameters:
<Count>

Manual operation: See "Number of Carriers" on page 47

[SENSe:]CARRier:OFFSet:MODE <CarrierOffsetMode>

This command is maintained for compatibility reasons only. If estimation is active, the
carrier estimation is always used.
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Parameters:
<CarrierOffsetMode> ESTimate | FIXed | CARRiers

FIXed

No estimation is performed. The carrier frequencies as defined
in the configuration are used; possible offsets or Doppler-effects
are not compensated.

(Corresponds to the manual setting "OFF")

CARRiers

The frequency offset of each carrier is estimated and compensa-
ted when calculating the group delay.

(Corresponds to the manual setting "All Carriers")

ESTimate
A fixed offset is estimated and used for all carriers.
(Corresponds to the manual setting "Offset")

*RST: CARRiers

Manual operation: See "Carrier Estimation" on page 48

[SENSe:]CARRier:SPACing <CarrierSpacing>
Sets/queries the carrier spacing in Hz between the multiple carriers.

Parameters:
<CarrierSpacing> Default unit: HZ

Manual operation: See "Carrier Spacing" on page 47

[SENSe:]JFREQuency:SPAN <Frequency>
Sets/queries the frequency span in Hz

Parameters:
<Frequency> Default unit: HZ

Manual operation: See "Span" on page 37

[SENSe:]MTIMe:AUTO <MeasTimeAutoMode>
This command enables or disables automatic measurement time selection.

Parameters:
<MeasTimeAutoMode®N | 1
Enables automatic measurement time selection.

OFF |0
Measurement time is defined manually.
*RST: 1

Manual operation: See "Measurement Time" on page 47
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[SENSe:]MTIMe? <MeasTime>

This command queries or sets the measurement time.

Parameters:

<MeasTime> The measurement time.
*RST: 25 ms
Default unit: S

Usage: Query only

Manual operation: See "Measurement Time" on page 47

[SENSe:]CARRier:OFFSet?
Queries the offset in Hz of the multi-carrier signal compared to the center frequency.

Return values:
<CarrierOffset> Range: - (Carrier spacing / 2) to + (Carrier spacing / 2)
Default unit: HZ

Usage: Query only

Manual operation: See "Carrier Estimation" on page 48

[SENSe:]RLENgth?

This command returns the record length determined by the current measurement set-
tings.

Return values:
<SampleCount> Number of samples captured in one sweep.

Usage: Query only

[SENSe:]SRATe?
This command returns the sample rate set up for current measurement settings.

Return values:

<SampleRate> Current sample rate used by the application.
Usage: Query only
Configuring the Outputs

O

Configuring trigger input/output is described in Chapter 11.4.4.2, "Configuring the Trig-
ger Output", on page 104.

DIAGNOSHC:SERVICEINSOUICE. ...uuiieeiiiiieee it e et e e e e e st e e e s e s e e e esn e e e eanenns 111
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DIAGnostic:SERVice:NSOurce <State>

This command turns the 28 V supply of the BNC connector labeled NOISE SOURCE
CONTROL on the R&S FSW on and off.

Suffix:
<n> Window
Parameters:
<State> ON | OFF

*RST: OFF
Example: DIAG:SERV:NSO ON

Manual operation: See "Noise Source" on page 52

11.4.7 Automatic Settings

Some settings can be adjusted by the R&S FSW automatically according to the current
measurement settings and signal characteristics.

[SENSe:]JADJust:CONFiIgure:DUREALON. .......cceeiiiciiiiiiieieeeeeeeeeeeeiiireree e e e e e e e e e e e e snnnnreeee s 111
[SENSe:]JADJust: CONFigure:DURatioN:MODE...........cceeuriiiiuimiiiiiiieieieeeeeeeeeeeseeeeeeeseeeeenens 111
[SENSe:]JADJust: CONFigure:HY STeresis:LOWET ........uuuuuuciieieieieeeeeeeeeeeeeeieeeeeeeeeesssssnnnnnnes 112
[SENSe:]JADJust: CONFigure:HY STeresiS:UPPEr..........u. e ae e e e e e et 112
[SENSEJADJUSTLEVEL. ..ttt e e e e e s e e e e e e e e e e e aeanas 113

[SENSe:]JADJust:CONFigure:DURation <Duration>

In order to determine the ideal reference level, the R&S FSW performs a measurement
on the current input data. This command defines the length of the measurement if
[SENSe:]ADJust:CONFigure:DURation:MODE is set to MANual.

Parameters:

<Duration> Numeric value in seconds
Range: 0.001 to 16000.0
*RST: 0.001
Default unit: s

Example: ADJ:CONF:DUR:MODE MAN

Selects manual definition of the measurement length.
ADJ:CONF:LEV:DUR 5ms

Length of the measurement is 5 ms.

Manual operation: See "Changing the Automatic Measurement Time (Meastime
Manual)" on page 55

[SENSe:]JADJust:CONFigure:DURation:MODE <Mode>

In order to determine the ideal reference level, the R&S FSW performs a measurement
on the current input data. This command selects the way the R&S FSW determines the
length of the measurement .
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Parameters:

<Mode> AUTO
The R&S FSW determines the measurement length automati-
cally according to the current input data.
MANual
The R&S FSW uses the measurement length defined by
[SENSe: ]ADJust:CONFigure:DURation on page 111.

*RST: AUTO

Manual operation: See "Resetting the Automatic Measurement Time (Meastime
Auto)" on page 54
See "Changing the Automatic Measurement Time (Meastime
Manual)" on page 55

[SENSe:]JADJust:CONFigure:HYSTeresis:LOWer <Threshold>

When the reference level is adjusted automatically using the [SENSe: ]ADJust:
LEVel on page 113 command, the internal attenuators and the preamplifier are also
adjusted. In order to avoid frequent adaptation due to small changes in the input signal,
you can define a hysteresis. This setting defines a lower threshold the signal must fall
below (compared to the last measurement) before the reference level is adapted auto-

matically.

Parameters:

<Threshold> Range: 0dB to 200 dB
*RST: +1dB
Default unit: dB

Example: SENS:ADJ:CONF:HYST:LOW 2

For an input signal level of currently 20 dBm, the reference level
will only be adjusted when the signal level falls below 18 dBm.

Manual operation: See "Lower Level Hysteresis" on page 55

[SENSe:]JADJust:CONFigure:HYSTeresis:UPPer <Threshold>

When the reference level is adjusted automatically using the [SENSe: ]ADJust:
LEVel on page 113 command, the internal attenuators and the preamplifier are also
adjusted. In order to avoid frequent adaptation due to small changes in the input signal,
you can define a hysteresis. This setting defines an upper threshold the signal must
exceed (compared to the last measurement) before the reference level is adapted
automatically.

Parameters:
<Threshold> Range: 0dB to 200 dB
*RST: +1 dB
Default unit: dB
Example: SENS:ADJ:CONF:HYST:UPP 2
Example: For an input signal level of currently 20 dBm, the reference level

will only be adjusted when the signal level rises above 22 dBm.
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Measuring, Loading and Storing Calibration Data
Manual operation: See "Upper Level Hysteresis" on page 55

[SENSe:]ADJust:LEVel

This command initiates a single (internal) measurement that evaluates and sets the
ideal reference level for the current input data and measurement settings. This ensures
that the settings of the RF attenuation and the reference level are optimally adjusted to
the signal level without overloading the R&S FSW or limiting the dynamic range by an
S/N ratio that is too small.

Example: ADJ:LEV
Usage: Event

Manual operation: See "Setting the Reference Level Automatically (Auto Level)"
on page 54

Measuring, Loading and Storing Calibration Data

The folowing commands are required to perform the calibration measurement and load
and store the calibration data.

(O NI o] 7= oo 4 /(07 ] 113
CALIDratioN:MC G D : ST AT 2. e tuttuteeeeeeeee et et eeeeeee e et e et eeeeaerert et b aaeseseeeseaaaaaasasseseeeeeresnens 113
MMEMOry:LOAD:MCGD:RCALIDIAtiON. ......vuvvereririieieieieieeeeeeeeeeeeeeeeeeeeeeeeeersrssrarannnnne 114
MMEMory:STORe:MCGD:RCALIDIatioN. ......ceeiieiiiieeeeeeiieiie e e e et e e e eevtee e e e e e eeae e e e e eeeanan 114

CALibration:MCGD

This command initiates a new calibration. You can synchronize to the end of the mea-
surement as usual with *OPC, *OPC? or *WAI.

Example: CAL:MCGD; *WAT
Performs a calibration measurement and waits for the results.

Usage: Event

Manual operation: See "Calibrate (Execute Reference Calibration)" on page 50

CALibration:MCGD:STATe?

This command queries the calibration status of the Multi Carrier Group Delay applica-
tion.

Return values:

<State> ON |1
Calibration has been performed, reference data is available.
OFF |0
Calibration has not yet been performed or is currently running,
reference data is not yet available.
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Configuring the Result Display

Usage: Query only

MMEMory:LOAD:MCGD:RCALibration <File>

This command loads the calibration data stored in the selected file and replaces the
current data.

Setting parameters:

<File> path and file name of the . csv file that contains the calibration
data
Usage: Setting only

Manual operation: See "Loading Calibration Data" on page 50

MMEMory:STORe:MCGD:RCALibration <File>
This command stores the current calibration data to the selected file.

Setting parameters:

<File> path and file name of the . csv file that will contain the calibra-
tion data
Usage: Setting only

Manual operation: See "Storing Calibration Data" on page 50

Configuring the Result Display

The commands required to configure the screen display in a remote environment are
described here.

o General WINdoW COMMEANGAS.......ceiiiiiiiaieeiiaiaieiiie e e e e e e e ee e e e e e e e e e e e e aenenes 114
o  Working with Windows in the Display...........couiiiiieiiiiiiie e 115

General Window Commands
The following commands are required to configure general window layout, independent
of the application.

Note that the suffix <n> always refers to the window in the currently selected measure-
ment channel (see INSTrument [ : SELect] on page 87).

[ 1S = 1Y @ 1Y = 114
DISPIaY[:WINDOWSNS]:SIZE.....uttttiutuiiaieieieieeeeeeeeeeeeeeeeeeeeeeeaaatab e aeaeeeeeeeaaaasassseeeereees 115

DISPlay:FORMat <Format>

This command determines which tab is displayed.
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Parameters:

<Format> SPLit
Displays the MultiView tab with an overview of all active chan-
nels
SINGle
Displays the measurement channel that was previously focused.
*RST: SING

Example: DISP:FORM SPL

DISPlay[:WINDow<n>]:SIZE <Size>

This command maximizes the size of the selected result display window temporarily.
To change the size of several windows on the screen permanently, use the LAY : SPL
command (see LAYout :SPLitter on page 118).

Suffix:
<n> Window
Parameters:
<Size> LARGe
Maximizes the selected window to full screen.
Other windows are still active in the background.
SMALI
Reduces the size of the selected window to its original size.
If more than one measurement window was displayed originally,
these are visible again.
*RST: SMALI
Example: DISP:WIND2:SIZE LARG

11.6.2 Working with Windows in the Display

The following commands are required to change the evaluation type and rearrange the
screen layout for a measurement channel as you do using the SmartGrid in manual
operation. Since the available evaluation types depend on the selected application,
some parameters for the following commands also depend on the selected measure-
ment channel.

Note that the suffix <n> always refers to the window in the currently selected measure-
ment channel (see INSTrument [ : SELect] on page 87).

LAY OUL ADDIWWINDOW] 2. e ettt eee et e e et et e et e e e et e e e e et e e e e e e e e e et s e e s aeneennseaneen 116
LAY QUL CATAIOGEWINDOW]?. vt eeseeeeeeseseseeseseeseeeseseseeseseseeeeseseseeseseseseeseseseaseseses 117
LAY OUL: IDENTTY[:WINDOW] 2. ceeeeeeeeeeeeeeeeeeeeeeveittt e ee e s e s e e eeeeeaeaeseeeeeeeeeaessssasasnsannnnnnnns 117
LAYOUE:REMOVE[:WINDOW].....cceeetiuieeeeiietieieeeeeetiaeseeeeeetaaeeeseesstaseeesestannaeeeseestaneaesensnnns 118
LAYOUE:REPLACE[:WINDOW]. .. ceeeieitieeeeeeetiteeeeeeeeetaeeeeaeseetaseesesssannasaesersannseseesessnnsaneeees 118
N o TU T RS o I =Y P 118
LAY OULWINDOWSNS ADD 2. .. ettt et et e e e e e e e e e e e e s e e e et e e e e e e eneennaens 120
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LAYout:WINDOWSN>IDENLfY 2. ..ceeeeeeieieieiiieeeee e e e e e e e e e e e e ee e e e e e e e e 120
LAYOUL:WINDOWSNZREMOVE. ...ccuiieiiiiiieiiee et e et e et e et e et e et e e e e e s eean s s s e esasebnsenns 121
LAY OULWINDOWSNZ REPLACE. ....uiieiiiieeee ettt e et e e e e et e et s e s e s et s e e s eaaseens 121

LAYout:ADD[:WINDow]? <WindowName>,<Direction>,<WindowType>
This command adds a window to the display in the active measurement channel.

This command is always used as a query so that you immediately obtain the name of
the new window as a result.

To replace an existing window, use the LAYout :REPLace [ :WINDow] command.

Parameters:

<WindowName> String containing the name of the existing window the new win-
dow is inserted next to.
By default, the name of a window is the same as its index. To
determine the name and index of all active windows, use the
LAYout:CATalog[:WINDow] ? query.

<Direction> LEFT | RIGHt | ABOVe | BELow

Direction the new window is added relative to the existing win-
dow.

<WindowType> text value

Type of result display (evaluation method) you want to add.
See the table below for available parameter values.

Return values:
<NewWindowName> When adding a new window, the command returns its name (by
default the same as its number) as a result.

Example: LAY:ADD? 'l1',LEFT,MTAB
Result:
\} 2 \}
Adds a new window named '2' with a marker table to the left of
window 1.

Usage: Query only

Manual operation: See "Magnitude" on page 15
See "Magnitude Reference" on page 16
See "Phase" on page 16
See "Phase Difference" on page 16
See "Phase Reference" on page 17
See "Group Delay" on page 17
See "Gain" on page 18
See "Marker Table" on page 18

Table 11-3: <WindowType> parameter values for Multi-Carrier Group Delay (K17) application

Parameter value Window type
DPHase Phase Difference vs. frequency
GAIN Gain
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Parameter value Window type

GDELay Group Delay vs. frequency

MAGN:itude Magnitude vs. frequency (Measurement data)
MTABIe Marker Table

PHASe Phase vs. frequency (Measurement data)
RMAGnitude Magnitude vs. frequency (Reference data)
RPHase Phase vs. frequency (Reference data)

LAYout:CATalog[:WINDow]?

This command queries the name and index of all active windows in the active mea-
surement channel from top left to bottom right. The result is a comma-separated list of
values for each window, with the syntax:

<WindowName_1>,<Windowlndex_1>..<WindowName_n>,<WindowIndex_n>

Return values:
<WindowName> string

Name of the window.
In the default state, the name of the window is its index.

<WindowlIndex> numeric value
Index of the window.

Example: LAY :CAT?
Result:
'2',2,'1',1
Two windows are displayed, named '2' (at the top or left), and '1'
(at the bottom or right).

Usage: Query only

LAYout:IDENtify[:WINDow]? <WindowName>

This command queries the index of a particular display window in the active measure-
ment channel.

Note: to query the name of a particular window, use the LAYout : WINDow<n>:
IDENtify? query.

Query parameters:
<WindowName> String containing the name of a window.

Return values:

<WindowlIndex> Index number of the window.

Example: LAY:WIND:IDEN? '2'
Queries the index of the result display named '2".
Response:
2
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Usage: Query only

LAYout:REMove[:WINDow] <WindowName>

This command removes a window from the display in the active measurement channel.

Parameters:
<WindowName> String containing the name of the window.

In the default state, the name of the window is its index.
Example: LAY:REM '2'

Removes the result display in the window named 2.
Usage: Event

LAYout:REPLace[:WINDow] <WindowName>,<WindowType>

This command replaces the window type (for example from "Diagram" to "Result Sum-
mary") of an already existing window in the active measurement channel while keeping
its position, index and window name.

To add a new window, use the LAYout : ADD [ : WINDow] ? command.

Parameters:

<WindowName> String containing the name of the existing window.
By default, the name of a window is the same as its index. To
determine the name and index of all active windows in the active
measurement channel, use the LAYout : CATalog [ :WINDow] ?
query.

<WindowType> Type of result display you want to use in the existing window.
See LAYout:ADD[ :WINDow] ? on page 116 for a list of availa-
ble window types.

Example: LAY :REPL:WIND '1l',MTAB

Replaces the result display in window 1 with a marker table.

LAYout:SPLitter <Index1>,<Index2>,<Position>

This command changes the position of a splitter and thus controls the size of the win-
dows on each side of the splitter.

Compared to the DIsPlay [ :WINDow<n>] : SIZE on page 115 command, the
LAYout:SPLitter changes the size of all windows to either side of the splitter per-
manently, it does not just maximize a single window temporarily.

Note that windows must have a certain minimum size. If the position you define con-
flicts with the minimum size of any of the affected windows, the command will not work,
but does not return an error.
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Figure 11-1: SmartGrid coordinates for remote control of the splitters

Parameters:

<Index1> The index of one window the splitter controls.

<Index2> The index of a window on the other side of the splitter.

<Position> New vertical or horizontal position of the splitter as a fraction of
the screen area (without channel and status bar and softkey
menu).

The point of origin (x =0, y = 0) is in the lower left corner of the
screen. The end point (x = 100, y = 100) is in the upper right cor-
ner of the screen. (See Figure 11-1.)

The direction in which the splitter is moved depends on the
screen layout. If the windows are positioned horizontally, the
splitter also moves horizontally. If the windows are positioned
vertically, the splitter also moves vertically.

Range: 0 to 100

Example: LAY:SPL 1,3,50
Moves the splitter between window 1 (‘Frequency Sweep') and 3
('Marker Table'") to the center (50%) of the screen, i.e. in the fig-
ure above, to the left.

Example: LAY:SPL 1,4,70
Moves the splitter between window 1 ('Frequency Sweep') and 3
('Marker Peak List') towards the top (70%) of the screen.
The following commands have the exact same effect, as any
combination of windows above and below the splitter moves the
splitter vertically.
LAY:SPL 3,2,70
LAY:SPL 4,1,70
LAY:SPL 2,1,70

User Manual 1173.9405.02 — 15 119
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LAYout:WINDow<n>:ADD? <Direction>,<WindowType>

This command adds a measurement window to the display. Note that with this com-
mand, the suffix <n> determines the existing window next to which the new window is
added, as opposed to LAYout : ADD[ : WINDow] ?, for which the existing window is
defined by a parameter.

To replace an existing window, use the LAYout : WINDow<n>:REPLace command.

This command is always used as a query so that you immediately obtain the name of
the new window as a result.

Suffix:

<n> Window

Parameters:

<Direction> LEFT | RIGHt | ABOVe | BELow
<WindowType> Type of measurement window you want to add.

See LAYout :ADD[ :WINDow] ? on page 116 for a list of availa-
ble window types.

Return values:
<NewWindowName> When adding a new window, the command returns its name (by
default the same as its number) as a result.

Example: LAY :WIND1:ADD? LEFT,MTAB
Result:
\} 2 \}
Adds a new window named '2' with a marker table to the left of
window 1.

Usage: Query only

LAYout:WINDow<n>:IDENtify?

This command queries the name of a particular display window (indicated by the <n>
suffix) in the active measurement channel.

Note: to query the index of a particular window, use the LAYout : IDENtify | :
WINDow]? command.

Suffix:
<n> Window

Return values:
<WindowName> String containing the name of a window.
In the default state, the name of the window is its index.

Example: LAY :WIND2:IDEN?
Queries the name of the result display in window 2.
Response:
A\l 2 A\l

Usage: Query only
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LAYout:WINDow<n>:REMove

This command removes the window specified by the suffix <n> from the display in the
active measurement channel.

The result of this command is identical to the LAYout : REMove [ : WINDow] command.

Suffix:
<n> Window
Example: LAY :WIND2:REM
Removes the result display in window 2.
Usage: Event

LAYout:WINDow<n>:REPLace <WindowType>

This command changes the window type of an existing window (specified by the suffix
<n>) in the active measurement channel.

The result of this command is identical to the LAYout : REPLace [ : WINDow] com-
mand.

To add a new window, use the LAYout : WINDow<n>:ADD? command.

Suffix:

<n> Window

Parameters:

<WindowType> Type of measurement window you want to replace another one
with.
See LAYout :ADD[ :WINDow] ? on page 116 for a list of availa-
ble window types.

Example: LAY:WIND2:REPL MTAB

Replaces the result display in window 2 with a marker table.

11.7 Configuring and Performing Sweeps

When the MCGD application is activated, a continuous sweep is performed automati-
cally. However, you can stop and start a new measurement any time.

Furthermore, you can perform a sequence of measurements using the Sequencer (see
"Multiple Measurement Channels and Sequencer Function" on page 10).

Useful commands for configuring sweeps described elsewhere:
® [SENSe:]AVERage<n>:COUNt on page 136

Remote commands exclusive to

F N =10 ] = 122
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INITIate<N>[IMMEIALE].....ceureeeeeieetie e e e e ettt e e e e et e e e e e e et e e e e e eeaate s eeeseebaneeeeeeesranaeaaeens 124
INITiate<n>:SEQUENCErABORI.........ceee e et e s 124
INITiate<n>:SEQUENCErIMMEIALE. ........ceeeeeeeeii ettt e e eeeaa s 124
INITiate<n>:SEQUENCEIMODE..........cccuuuuriiiiiiiiiieieieieeeeeeeeeeeeeeeeeeeeeeeeeeretarar— e aeas 125
SY ST M SEQUENCET ... .ciiettiieeeeeettt e e e e e ettt eeeeeeeeat e eeesessstaneaesestannasaesratannseesersssnnnsansenes 125
[SENSE:ISWEEP:ICOUNTL....coviuieieeiiiitiiieeeee ettt e e e e e eetetee e e e e seeba e eeeeeaataneeeseessnaaeaesesrannaaaaees 126
[SENSE:]SWEEP:COUNEICURRENL?....cevueieeieetteeeee ettt e e e eeetee e e e e eeeba e e e e e eaebaeeeeeernnanns 127
ABORt

This command aborts the measurement in the current measurement channel and
resets the trigger system.

To prevent overlapping execution of the subsequent command before the measure-
ment has been aborted successfully, use the *0pC? or *WAT command after ABOR and
before the next command.

For details see the "Remote Basics" chapter in the R&S FSW User Manual.

To abort a sequence of measurements by the Sequencer, use the INTTiate<n>:
SEQuencer : ABORt command.

Note on blocked remote control programs:

If a sequential command cannot be completed, for example because a triggered sweep
never receives a trigger, the remote control program will never finish and the remote
channel to the R&S FSW is blocked for further commands. In this case, you must inter-
rupt processing on the remote channel first in order to abort the measurement.

To do so, send a "Device Clear" command from the control instrument to the
R&S FSW on a parallel channel to clear all currently active remote channels. Depend-
ing on the used interface and protocol, send the following commands:

® Visa:viClear ()
® GPIB: ibclr ()
e RSIB: RSDLLibclr ()

Now you can send the ABORt command on the remote channel performing the mea-

surement.

Example: ABOR; : INIT:IMM
Aborts the current measurement and immediately starts a new
one.

Example: ABOR; *WAT
INIT:IMM
Aborts the current measurement and starts a new one once
abortion has been completed.

Usage: Event

SCPI confirmed
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INITiate<n>:CONMeas

This command restarts a (single) measurement that has been stopped (using ABOR<t)
or finished in single sweep mode.

The measurement is restarted at the beginning, not where the previous measurement
was stopped.

As opposed to INTTiate<n>[:IMMediate], this command does not reset traces in
maxhold, minhold or average mode. Therefore it can be used to continue measure-
ments using maxhold or averaging functions.

Suffix:
<n> irrelevant
Usage: Event

Manual operation: See "Continue Single Sweep" on page 51

INITiate<n>:CONTinuous <State>
This command controls the sweep mode for an individual measurement channel.

Note that in single sweep mode, you can synchronize to the end of the measurement
with *OPC, *OPC? or *WAI. In continuous sweep mode, synchronization to the end of
the measurement is not possible. Thus, it is not recommended that you use continuous
sweep mode in remote control, as results like trace data or markers are only valid after
a single sweep end synchronization.

For details on synchronization see the "Remote Basics" chapter in the R&S FSW User
Manual.

If the sweep mode is changed for a measurement channel while the Sequencer is
active (see INITiate<n>:SEQuencer:IMMediate on page 124) the mode is only
considered the next time the measurement in that channel is activated by the

Sequencer.

Suffix:

<n> irrelevant

Parameters:

<State> ON|OFF |01
ON |1
Continuous sweep
OFF |0
Single sweep
*RST: 1

Example: INIT:CONT OFF

Switches the sweep mode to single sweep .
INIT:CONT ON
Switches the sweep mode to continuous sweep .

Manual operation: See "Continuous Sweep/RUN CONT" on page 51
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INITiate<n>[:IMMediate]
This command starts a (single) new measurement.

With sweep count or average count > 0, this means a restart of the corresponding
number of measurements. With trace mode MAXHold, MINHold and AVERage, the
previous results are reset on restarting the measurement.

You can synchronize to the end of the measurement with *OPC, *OPC? or *WAI.

For details on synchronization see the "Remote Basics" chapter in the R&S FSW User

Manual.

Suffix:

<n> irrelevant
Usage: Event

Manual operation: See "Single Sweep/ RUN SINGLE" on page 51

INITiate<n>:SEQuencer:ABORt

This command stops the currently active sequence of measurements. The Sequencer
itself is not deactivated, so you can start a new sequence immediately using
INITiate<n>:SEQuencer:IMMediate on page 124.

To deactivate the Sequencer use sYSTem: SEQuencer on page 125.

Suffix:
<n> irrelevant
Usage: Event

INITiate<n>:SEQuencer:IMMediate
This command starts a new sequence of measurements by the Sequencer.

Its effect is similar to the INTTiate<n>[:IMMediate] command used for a single
measurement.

Before this command can be executed, the Sequencer must be activated (see
SYSTem:SEQuencer on page 125).

Suffix:
<n> irrelevant

Example: SYST:SEQ ON
Activates the Sequencer.
INIT:SEQ:MODE SING
Sets single sequence mode so each active measurement will be
performed once.
INIT:SEQ:IMM
Starts the sequential measurements.

Usage: Event
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INITiate<n>:SEQuencer:MODE <Mode>

This command selects the way the R&S FSW application performs measurements
sequentially.

Before this command can be executed, the Sequencer must be activated (see
SYSTem:SEQuencer on page 125).

A detailed programming example is provided in the "Operating Modes" chapter in the
R&S FSW User Manual.

Note: In order to synchronize to the end of a sequential measurement using *OPC,
*OPC? or *WAI you must use SINGle Sequence mode.

For details on synchronization see the "Remote Basics" chapter in the R&S FSW User

Manual.

Suffix:

<n> irrelevant

Parameters:

<Mode> SINGle
Each measurement is performed once (regardless of the chan-
nel's sweep mode), considering each channels' sweep count,
until all measurements in all active channels have been per-
formed.
CONTinuous
The measurements in each active channel are performed one
after the other, repeatedly (regardless of the channel's sweep
mode), in the same order, until the Sequencer is stopped.
CDEFined
First, a single sequence is performed. Then, only those channels
in continuous sweep mode (INIT:CONT ON) are repeated.
*RST: CONTinuous

Example: SYST:SEQ ON

Activates the Sequencer.

INIT:SEQ:MODE SING

Sets single sequence mode so each active measurement will be
performed once.

INIT:SEQ:IMM

Starts the sequential measurements.

SYSTem:SEQuencer <State>

This command turns the Sequencer on and off. The Sequencer must be active before
any other Sequencer commands (INIT:SEQ. . .) are executed, otherwise an error will
occur.

A detailed programming example is provided in the "Operating Modes" chapter in the
R&S FSW User Manual.



Parameters:
<State>

Example:
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ON|OFF |01

ON |1

The Sequencer is activated and a sequential measurement is
started immediately.

OFF | 0

The Sequencer is deactivated. Any running sequential measure-
ments are stopped. Further Sequencer commands (INIT:

SEQ. . .) are not available.

*RST: 0

SYST:SEQ ON

Activates the Sequencer.

INIT:SEQ:MODE SING

Sets single Sequencer mode so each active measurement will
be performed once.

INIT:SEQ:IMM

Starts the sequential measurements.

SYST:SEQ OFF

[SENSe:]SWEep:COUNt <SweepCount>

This command defines the number of sweeps the R&S FSW uses to average traces.

During calibration measurements, the phase and amplitude values are averaged over
the defined number of sweeps.

In case of continuous sweeps, the R&S FSW calculates the moving average over the

average count.

In case of single sweep measurements, the R&S FSW stops the measurement and
calculates the average after the average count has been reached.

Parameters:
<SweepCount>

Example:

Usage:

Manual operation:

If you set a sweep count of 0 or 1, the R&S FSW performs one
single sweep in single sweep mode.

In continuous sweep mode, if the sweep countis setto 0, a
moving average over 10 sweeps is performed.

Range: 0 to 32767

*RST: 0

SWE :COUN 64

Sets the number of sweeps to 64.
INIT:CONT OFF

Switches to single sweep mode.
INIT; *WAI

Starts a sweep and waits for its end.
SCPI confirmed

See "Sweep Count" on page 48
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11.8.1

Retrieving Results

[SENSe:]SWEep:COUNt:CURRent?

This query returns the current number of started sweeps or measurements. This com-
mand is only available if a sweep count value is defined and the instrument is in single
sweep mode.

Example: SWE : COUNt 64
Sets sweep count to 64
INIT:CONT OFF

Switches to single sweep mode
INIT

Starts a sweep (without waiting for the sweep end!)
SWE : COUN : CURR?
Queries the number of started sweeps

Usage: Query only

Retrieving Results

The following commands are required to retrieve the results in a remote environment.

o Retrieving Marker RESUILS............uuiiiiiiiiiiec e e e 127
o Retrieving Trace RESUIS.......cooiiiiiieicecee e 129
o Exporting Trace RESUILS.......cooiiee e 131

Retrieving Marker Results

Useful commands for retrieving results described elsewhere:
® CALCulate<n>:DELTamarker<m>:X on page 140
® CALCulate<n>:MARKer<m>:X on page 142

Remote commands exclusive to retrieving marker results:

CALCulate<n>:DELTamarker<m>:X:RELAtVE?........ccuoiiiiuuiiiiieieeieeeeee e e e s e e e 127
CALCUIate<n> DELTamMarker<m>:Y 2. . i ieeieiieie et e e et e e e e e e e e sb s esa s s s raneransaes 128
CALCUIAtEN> IMARKEISIMZIY 2. ettt et e et e et e et e e e e e b s e s s s s sansetnsaranseanenns 128

CALCulate<n>:DELTamarker<m>:X:RELative?
This command queries the relative position of a delta marker on the x-axis.

If necessary, the command activates the delta marker first.

Suffix:
<n> Window
<m> Marker

Return values:
<Position> Position of the delta marker in relation to the reference marker.
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Example: CALC:DELT3:X:REL?
Outputs the frequency of delta marker 3 relative to marker 1 or
relative to the reference position.

Usage: Query only

CALCulate<n>:DELTamarker<m>:Y?
This command queries the relative position of a delta marker on the y-axis.
If necessary, the command activates the delta marker first.

To get a valid result, you have to perform a complete measurement with synchroniza-
tion to the end of the measurement before reading out the result. This is only possible
for single sweep mode.

See also INITiate<n>:CONTinuous on page 123.

The unit depends on the application of the command.

Suffix:
<m> Marker
<n> Window

Return values:
<Position> Position of the delta marker in relation to the reference marker or
the fixed reference.

Example: INIT:CONT OFF

Switches to single sweep mode.
INIT; *WAI

Starts a sweep and waits for its end.
CALC:DELT2 ON

Switches on delta marker 2.
CALC:DELT2:Y?

Outputs measurement value of delta marker 2.

Usage: Query only

CALCulate<n>:MARKer<m>:Y?
This command queries the position of a marker on the y-axis.
If necessary, the command activates the marker first.

To get a valid result, you have to perform a complete measurement with synchroniza-
tion to the end of the measurement before reading out the result. This is only possible
for single sweep mode.

See also INITiate<n>:CONTinuous on page 123.

Suffix:
<n> Window
<m> Marker
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Return values:
<Result> Result at the marker position.

Example: INIT:CONT OFF

Switches to single measurement mode.
CALC:MARK2 ON

Switches marker 2.
INIT; *WAT

Starts a measurement and waits for the end.
CALC:MARK2:Y?

Outputs the measured value of marker 2.
Usage: Query only

Manual operation: See "Marker Table" on page 18

Retrieving Trace Results

The following remote commands are required to retrieve the trace results in a remote
environment.

DISPlay[:WINDow<n>]:TRACE<t>LENGLEN?.....ccceeiee e e ettt e e e e e e e e e ee e 129
FORMEIDATAL -ttt eeeeeeeeeeeeeeee et eeeeeeseeeseeeeeeseeeeeseseseseseeeeeeseeeseseseseee et eeeeseseseseneaeeeeenanaeen 129
MMEMory:STORE:MCGD:MEAS. .. ... ettt e e e e e e e e e eeaae 130
TRACESNSTDATAL et eeeee e eee e et er e e et s seeeen e eeeeneeeeese s sese s s seseeneseseenneeens 130
TRACESNSTDATALX? et eeeeeeeeeeeeee e et ee s e st eseeeseesesee et eneeeeeseeseeeeeesesesereeneseseennens 131

DISPlay[:WINDow<n>]:TRACe<t>:LENGth?
Queries the trace length.

Return values:
<TraceLength> Number of trace points

Usage: Query only

FORMat[:DATA] <Format>

This command selects the data format that is used for transmission of trace data from
the R&S FSW to the controlling computer.

Note that the command has no effect for data that you send to the R&S FSW. The
R&S FSW automatically recognizes the data it receives, regardless of the format.
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Parameters:

<Format> ASCii
ASCii format, separated by commas.
This format is almost always suitable, regardless of the actual
data format. However, the data is not as compact as other for-
mats may be.
REAL,32
32-bit IEEE 754 floating-point numbers in the "definite length
block format".
In the Spectrum application, the format setting REAL is used for
the binary transmission of trace data.
For 1/Q data, 8 bytes per sample are returned for this format set-
ting.
*RST: ASCII

Example: FORM REAL, 32

Usage: SCPI confirmed

MMEMory:STORe:MCGD:MEAS <File>

This command stores the current measurement results (all active traces in all windows,
including calibration traces) to the selected file.

Setting parameters:

<File> path and file name of the . csv file that contains the measured
data
Usage: Setting only

Manual operation: See "Storing Measurement Results" on page 70

TRACe<n>[:DATA]? <Trace>

This command queries current trace data and measurement results for the specified
window. For each of the measurement points (number is determined by record length,
see [SENSe: ]RLENgth? on page 110) the power level, phase or group delay value is
returned.

Query parameters:

<Trace> TRACE1 | TRACE2 | TRACE3 | TRACE4
Defines the trace whose data is returned.
Example: TRAC3:DATA? TRACE1

Returns the measured values for trace 1 in window 3.

Usage: Query only
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TRACe<n>[:DATA]:X? <TraceNumber>

This command queries the horizontal trace data for each sweep point in the specified
window, for example the frequency in frequency domain or the time in time domain
measurements.

Suffix:
<n> Window

Query parameters:

<TraceNumber> Trace number.
TRACE1 | ... | TRACE4
Example: TRAC3:X? TRACE1

Returns the x-values for trace 1 in window 3.

Usage: Query only

11.8.3 Exporting Trace Results

Trace results can be exported to a file.

For more commands concerning data and results storage see the R&S FSW User

Manual.

MMEMOIY:STORESNZTRACE. ..1utuuuutiieieeieieeeeeeeeeeeteeeeeeeereerrttsrar e ieaeeeeeaeaaseserrerereees 131
FORMat:DEXPOrt:DSEPArALOr. . ..cuuuiiveeeeietieeeeeee e e et e e e e et e e s e e s e eaeeseaaeeranaeeeennsenes 132
FORMEAtDEXPOIHEADET .. ....iitiiieiii it eee et e e e e e s b e et e e e eaa s s an s eaeransernaeans 132
FORMEAEDEXPOI:TRACES. ..cuuiiitieiee et e ettt et e et e e e s e e et e s e et s eaaeasa e ran e et asnssanerans 132

MMEMory:STORe<n>:TRACe <Trace>, <FileName>
This command exports trace data from the specified window to an ASCII file.

For details on the file format see Chapter 12.2, "Reference: ASCII File Export Format",
on page 157.

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 full" 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 "Protecting Data Using the Secure User Mode" in the "Data Manage-
ment" section of the R&S FSW User Manual.

Suffix:
<n> Window
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Parameters:

<Trace> Number of the trace to be stored
(This parameter is ignored if the option "Export all Traces and all
Table Results" is activated in the Export configuration settings,
see FORMat : DEXPort: TRACes on page 132).

<FileName> String containing the path and name of the target file.

Example: MMEM:STOR1:TRAC 3, 'C:\TEST.ASC'
Stores trace 3 from window 1 in the file TEST.ASC.

Usage: SCPI confirmed

Manual operation: See "Export Trace to ASCII File" on page 61

FORMat:DEXPort:DSEParator <Separator>

This command selects the decimal separator for data exported in ASCII format.

Parameters:
<Separator> COMMa
Uses a comma as decimal separator, e.g. 4,05.
POINt
Uses a point as decimal separator, e.g. 4.05.
*RST: *RST has no effect on the decimal separator.
Default is POINLt.
Example: FORM:DEXP:DSEP POIN

Sets the decimal point as separator.

Manual operation: See "Decimal Separator" on page 50

FORMat:DEXPort:HEADer <State>

If enabled, additional instrument and measurement settings are included in the header
of the export file for result data. If disabled, only the pure result data from the selected
traces and tables is exported.

See Chapter 12.2, "Reference: ASCII File Export Format", on page 157 for details.

Parameters:

<State> ON|OFF |0 |1
*RST: 1

Usage: SCPI confirmed

Manual operation: See "Include Instrument Measurement Settings" on page 60

FORMat:DEXPort:TRACes <Selection>

This command selects the data to be included in a data export file (see MMEMory :
STORe<n>:TRACe on page 131).
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Parameters:

<Selection> SINGle
Only a single trace is selected for export, namely the one speci-
fied by the MMEMory : STORe<n>: TRACe command.
ALL
Selects all active traces and result tables (e.g. Result Summary,
marker peak list etc.) in the current application for export to an
ASCII file.
The <trace> parameter for the MMEMory : STORe<n>: TRACe
command is ignored.
*RST: SINGle

Usage: SCPI confirmed

Manual operation: See "Export all Traces and all Table Results" on page 60

11.9 Analyzing Multi-Carrier Group Delay Measurements

The following commands are required to analyze MCGD measurements in a remote

environment.

o Configuring Standard TracCeS.......ccuuuieeiiciiireeeiiiiiee e e etieee e eeitee e e s snrer e e e e eree e e e e enees 133
o Setting Up Individual Markers.........cooooaiiiiiiiiiieieee e 138
o General Marker Settings........ooi i 143
e Searching for Peaks and Positioning the Marker............cccccccoiiiiiiiniiieeenn, 144

11.9.1 Configuring Standard Traces

Useful commands for trace configuration described elsewhere

® DISPlay[:WINDow<n>]:TRACe<t>:Y:SPACing on page 97
® DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe] on page 94

Remote commands exclusive to trace configuration

DISPlay[:WINDow<n>]:TRACE<t>:MODE.........cottiiiiiieiiieee et e e e 133
DISPlay[:WINDow<n>]:TRACe<t>:MODE:HCONHNUOUS........uurrrrrrreeeeesiissinrrnreeeeereaaaeeesnns 134
DISPlay[:WINDow<n>]:-TRACe<t>:SMOOthiNng:APERIUIE..........cceeeeeeeeeeeeeeeeeeeviirieeee e 135
DISPlay[:WINDow<n>]:TRACe<t>:SMOOthiNG[:STATE]......cttrrreerrrrrrnrnrnrcre e e e e e e e e aaaaeeas 135
DISPlay[:WINDOW<N>: TRACEStS[:STATE] . i e tieeeeuieeeee ettt ie e e e eeeaee s e e e eeaaaeeeeeeaenaseeeeeeenns 136
[SENSE:JAVERAGESNICOUNL...ceiiiiiiiiititiieeeea e e e e e e e e e e e e e e e e e e eeeeeeeeeeeentnnnn e a e e e e e eeeeas 136
[SENSE:JAVERAGESNS[:STATESE .. ceereeeeeeseeeeseeeeseeseee e eeeseeseeeeseeeesesesesesesesesseseseanes 137
[SENSE:JAVERAGENZ TYPE . ....oeoeeeeeeeeeeeeeeeeeseeeeseeseseeseseesessseeteseesseeeesseseeseseeeeseseseeeans 137

DISPlay[:WINDow<n>]:TRACe<t>:MODE <Mode>

This command selects the trace mode.



Analyzing Multi-Carrier Group Delay Measurements

In case of max hold, min hold or average trace mode, you can set the number of single
measurements with Sweep Count. Note that synchronization to the end of the mea-
surement is possible only in single sweep mode.

Suffix:
<n>

<t>

Parameters:
<Mode>

Example:

Manual operation:

Window

Trace

WRITe
Overwrite mode: the trace is overwritten by each sweep. This is
the default setting.

AVERage
The average is formed over several sweeps. The "Sweep/Aver-
age Count" determines the number of averaging procedures.

MAXHold

The maximum value is determined over several sweeps and dis-
played. The R&S FSW saves the sweep result in the trace mem-
ory only if the new value is greater than the previous one.

MINHold

The minimum value is determined from several measurements
and displayed. The R&S FSW saves the sweep result in the
trace memory only if the new value is lower than the previous
one.

VIEW
The current contents of the trace memory are frozen and dis-
played.

BLANk
Hides the selected trace.
*RST: Trace 1: WRITe, Trace 2-6: BLANk

INIT:CONT OFF

Switching to single sweep mode.
SWE:COUN 16

Sets the number of measurements to 16.
DISP:TRAC3:MODE WRIT

Selects clear/write mode for trace 3.
INIT; *WAT

Starts the measurement and waits for the end of the measure-
ment.

See "Mode" on page 57

DISPlay[:WINDow<n>]:TRACe<t>:MODE:HCONtinuous <State>

This command turns an automatic reset of a trace on and off after a parameter has

changed.

The reset works for trace modes min hold, max hold and average.
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Note that the command has no effect if critical parameters like the span have been
changed to avoid invalid measurement results

Suffix:
<n> Window
<t> Trace
Parameters:
<State> ON
The automatic reset is off.
OFF
The automatic reset is on.
*RST: OFF
Example: DISP:WIND:TRAC3:MODE:HCON ON

Switches off the reset function.

Manual operation: See "Hold" on page 57

DISPlay[:WINDow<n>]:TRACe<t>:SMOothing:APERture <Percentage>

This command defines the degree (aperture) of the trace smoothing, if DIsPlay|:
WINDow<n>] : TRACe<t>:SMOothing[:STATe] TRUE.

This setting is not available for Phase and Phase Reference vs. frequency results.

Suffix:
<n> Window
<t> Trace
Parameters:
<Percentage> Range: 1 to 50
*RST: 2
Default unit: PCT
Example: DISP3:TRAC2:SMO:APER 5

Defines an aperture of 5% for trace 2 in window 3
(assuming this is not a Phase, Phase Reference, or Magnitude
Reference vs. frequency result display).

Manual operation: See "Smoothing" on page 57

DISPlay[:WINDow<n>]:TRACe<t>:SMOothing[:STATe] <State>
This command turns trace smoothing for a particular trace on and off.

If enabled, the trace is smoothed by the value specified using DISPlay]| :
WINDow<n>] :TRACe<t>:SMOothing:APERture on page 135.

This setting is not available for Phase, Phase Reference, and Magnitude Reference (vs
Frequency) results.
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Suffix:
<n> Window
<t> Trace
Parameters:
<State> ON | OFF
*RST: OFF
Example: DISP3:TRAC2:SMO ON
Turns on trace smoothing for trace 2 in window 3
(assuming this is a Group Delay result display).
Usage: SCPI confirmed

Manual operation: See "Smoothing" on page 57

DISPlay[:WINDow<n>]:TRACe<t>[:STATe] <State>
This command turns a trace on and off.

The measurement continues in the background.

Suffix:
<n> Window
<t> Trace
Parameters:
<State> ON|OFF|1]0
*RST: Trace 1: 1, Trace 2-4: 0
Example: DISP:TRAC3 ON
Usage: SCPI confirmed

Manual operation: See "Trace 1/Trace 2/Trace 3/Trace 4" on page 57
See "Trace 1/Trace 2/Trace 3/Trace 4 (Softkeys)" on page 59

[SENSe:]JAVERage<n>:COUNt <AverageCount>

This command defines the number of sweep s that the application uses to average
traces.

During calibration measurements, the phase and amplitude values are averaged over
the defined number of sweeps.

In case of continuous sweep mode, the application calculates the moving average over
the average count.

In case of single sweep mode, the application stops the measurement and calculates
the average after the average count has been reached.

Suffix:
<n> irrelevant



Parameters:
<AverageCount>

Usage:

Manual operation:
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If you set an average count of 0 or 1, the application performs
one single sweep in single sweep mode.

In continuous sweep mode, if the average count is setto 0, a
moving average over 10 sweeps is performed.

Range: 0 to 32767

*RST: 0

SCPI confirmed

See "Average Count" on page 58

[SENSe:]JAVERage<n>[:STATe<t>] <State>

This command turns averaging for a particular trace in a particular window on and off.

Suffix:
<n>

<t>

Parameters:
<State>

Usage:

Window

Trace

ON | OFF
SCPI confirmed

[SENSe:]JAVERage<n>:TYPE <Mode>

This command selects the trace averaging mode.

Suffix:
<n>

Parameters:
<Mode>

Example:

Usage:

Manual operation:

Window

VIDeo
The logarithmic power values are averaged.

LINear
The power values are averaged before they are converted to
logarithmic values.

POWer

The power level values are converted into unit Watt prior to
averaging. After the averaging, the data is converted back into
its original unit.

*RST: VIDeo

AVER:TYPE LIN
Switches to linear average calculation.

SCPI confirmed
See "Average Mode" on page 58
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11.9.2 Setting Up Individual Markers

The following commands define the position of markers in the diagram.

CALCulate<n>:DELTamarker<m>:AOFF ...........uuuuuuuiiiiieieieieeeeeeeeeeeeeeserereeeeessssrssrsnnnn.s 138
CALCulate<n>:DELTamarker<m>:LINK...............coeterrerrrrrrmrnunineiiaieieseseeeeeassesessesereeeeeees 138
CALCulate<n>:DELTamarker<m>:LINK:TO:MARKEI<M>.......ccceeeiiirreieeeiiiriiieeeeeeeeriaeeeaens 139
CALCulate<n>:DELTamarker<m>:MODE..........c.cccoouuiiiiiiie et e e e s 139
CALCulate<n>:DELTamarker<m>:MREF...........cooouiiiiiiie e 139
CALCulate<n>:DELTamarker<m>[:STATE].....cceetrruuummmmmuuuaaaaaaaaeeeeeeeaaaeeeeeeeeeeeeeaeennennnnnnnnns 140
CALCulate<n>:DELTamarker<m>:TRACE..........uurrururuuiiiaieiaieeeeeeeaeaeeeeseeeeeeeereessrssrennnnn...- 140
CALCUlate<n>:DELTAMAIKEr<IM>:X....cccieieieeieeeeeeeeeeeeeeeeeeeeerererarassasaaeaeseseseeeaeaaeeseseesenes 140
CALCuUlate<n>:MARKEr<mM>:AOFF......cuuciiiiiiiiiiee ettt e et e e e e e e e e e e e e raaa s 141
CALCulate<n>:MARKer<m>:LINK:TO:MARKEISM>........ccueeeeeeieiriieieeieeriiaeeeeeeerieseeeeeennns 141
CALCUlIate<n>MARKEIr<MS[:STATE]....cceutueieeeeeeeiieeeeeeeeieaeeeeeeeataateeeseeraaeseeeeesraaeeesenenns 141
CALCulate<n>:MARKEIr<mM>:TRACE. ...... ittt et e e e et e e e e eenas 142
CALCUIate<N>:MARKEISMS X ...uniieieeeii et et e et e et e e et e e e e e e e e e et e e e e e e eaaeeeeans 142

CALCulate<n>:DELTamarker<m>:AOFF

This command turns all delta markers off.

Suffix:
<n> Window
<m> irrelevant
Example: CALC:DELT:AOQFF
Turns all delta markers off.
Usage: Event

CALCulate<n>:DELTamarker<m>:LINK <State>
This command links delta marker <m> to marker 1.

If you change the horizontal position (x-value) of marker 1, delta marker <m> changes
its horizontal position to the same value.

Suffix:
<n> Window
<m> Marker
Parameters:
<State> ON | OFF
*RST: OFF
Example: CALC:DELT2:LINK ON

Manual operation: See "Linking to Another Marker" on page 64
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CALCulate<n>:DELTamarker<m>:LINK:TO:MARKer<m> <State>
This command links delta marker <m1> to any active normal marker <m2>.

If you change the horizontal position of marker <m2>, delta marker <m1> changes its
horizontal position to the same value.

Suffix:
<n> Window
<m> Marker
Parameters:
<State> ON | OFF
*RST: OFF
Example: CALC:DELT4:LINK:TO:MARK2 ON

Links the delta marker 4 to the marker 2.

Manual operation: See "Linking to Another Marker" on page 64

CALCulate<n>:DELTamarker<m>:MODE <Mode>

This command defines whether the position of a delta marker is provided as an abso-
lute value or relative to a reference marker.

Note that when the position of a delta marker is queried, the result is always an abso-
lute value (see CALCulate<n>:DELTamarker<m>:X on page 140)!

Suffix:
<n> Window
<m> irrelevant
Parameters:
<Mode> ABSolute
Delta marker position in absolute terms.
RELative
Delta marker position in relation to a reference marker.
*RST: RELative
Example: CALC:DELT:MODE ABS

Absolute delta marker position.

CALCulate<n>:DELTamarker<m>:MREF <Reference>

This command selects a reference marker for a delta marker other than marker 1.

Suffix:

<n> Window
<m> Marker
Parameters:

<Reference>
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Example: CALC:DELT3:MREF 2

Specifies that the values of delta marker 3 are relative to marker
2.

Manual operation: See "Reference Marker" on page 64

CALCulate<n>:DELTamarker<m>[:STATe] <State>
This command turns delta markers on and off.
If necessary, the command activates the delta marker first.

No suffix at DELTamarker turns on delta marker 1.

Suffix:
<n> Window
<m> Marker
Parameters:
<State> ON | OFF

*RST: OFF
Example: CALC:DELT2 ON

Turns on delta marker 2.

Manual operation: See "Select Marker" on page 62
See "Marker State" on page 63
See "Marker Type" on page 63

CALCulate<n>:DELTamarker<m>:TRACe <Trace>
This command selects the trace a delta marker is positioned on.
Note that the corresponding trace must have a trace mode other than "Blank".

If necessary, the command activates the marker first.

Suffix:

<n> Window

<m> Marker

Parameters:

<Trace> Trace number the marker is assigned to.
Example: CALC:DELT2:TRAC 2

Positions delta marker 2 on trace 2.

CALCulate<n>:DELTamarker<m>:X <Position>
This command moves a delta marker to a particular coordinate on the x-axis.

If necessary, the command activates the delta marker and positions a reference
marker to the peak power.
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Suffix:

<m> Marker

<n> Window

Parameters:

<Position> Numeric value that defines the marker position on the x-axis.
The unitis s.

Example: CALC:DELT:X?

Outputs the absolute x-value of delta marker 1.

Manual operation: = See "Marker Position (X-value)" on page 63

CALCulate<n>:MARKer<m>:AOFF

This command turns all markers off.

Suffix:

<n> Window

<m> Marker

Example: CALC:MARK:AQOFF
Switches off all markers.

Usage: Event

Manual operation: See "All Markers Off" on page 64

CALCulate<n>:MARKer<m>:LINK:TO:MARKer<m> <State>
This command links normal marker <m1> to any active normal marker <m2>.

If you change the horizontal position of marker <m2>, marker <m1> changes its hori-
zontal position to the same value.

Suffix:
<n> Window
<m> Marker
Parameters:
<State> ON | OFF
*RST: OFF
Example: CALC:MARK4 :LINK:TO:MARK2 ON

Links marker 4 to marker 2.

Manual operation: See "Linking to Another Marker" on page 64

CALCulate<n>:MARKer<m>[:STATe] <State>

This command turns markers on and off. If the corresponding marker number is cur-
rently active as a deltamarker, it is turned into a normal marker.
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Suffix:
<n> Window
<m> Marker
Parameters:
<State> ON | OFF

*RST: OFF
Example: CALC:MARK3 ON

Switches on marker 3.

Manual operation: See "Select Marker" on page 62
See "Marker State" on page 63
See "Marker Type" on page 63

CALCulate<n>:MARKer<m>:TRACe <Trace>
This command selects the trace the marker is positioned on.
Note that the corresponding trace must have a trace mode other than "Blank".

If necessary, the command activates the marker first.

Suffix:

<n> Window

<m> Marker

Parameters:

<Trace>

Example: CALC:MARK3:TRAC 2

Assigns marker 3 to trace 2.

Manual operation: See "Assigning the Marker to a Trace" on page 64

CALCulate<n>:MARKer<m>:X <Position>
This command moves a marker to a particular coordinate on the x-axis.
If necessary, the command activates the marker.

If the marker has been used as a delta marker, the command turns it into a normal

marker.

Suffix:

<m> Marker (query: 1 to 16)

<n> Window

Parameters:

<Position> Numeric value that defines the marker position on the x-axis.
The unitis s.
Range: The range depends on the current x-axis range.
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Example: CALC:MARK2:X 1.7MHz
Positions marker 2 to frequency 1.7 MHz.

Manual operation: See "Marker Table" on page 18
See "Marker Position (X-value)" on page 63

11.9.3 General Marker Settings

The following commands control general marker functionality.

CALCuUlate<n>MARKEI<MS:LINK . ...cuiiiiiiiiiiiiieee e et e e e s e s s e s e s s s sasranesansaes 143
DISPIAY:MINFOLESTAT . veeeeeeseeseeeeeeeeseeeseeseseseseeseseseeseseeesseseeeeesneseseseeneseseseeseeeseennenenes 143
[T P Y Y I = PP 143

CALCulate<n>:MARKer<m>:LINK <State>

This command sets whether all markers will be linked across all display windows or
queries the current setting.

Parameters:
<State>

Manual operation: See "Linked Markers" on page 66

DISPlay:MINFo[:STAT] <DisplayMode>

This command turns the marker information in all diagrams on and off.

Parameters:

<DisplayMode> ON
Displays the marker information in the diagrams.
OFF
Hides the marker information in the diagrams.
*RST: ON

Example: DISP:MINF OFF

Hides the marker information.

Manual operation: See "Marker Info" on page 66

DISPlay:MTABIe <DisplayMode>

This command turns the marker table on and off.
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Parameters:
<DisplayMode> ON
Turns the marker table on.
OFF
Turns the marker table off.
AUTO
Turns the marker table on if 3 or more markers are active.

*RST: AUTO

Example: DISP:MTAB ON
Activates the marker table.

Manual operation: See "Marker Table Display" on page 65

Searching for Peaks and Positioning the Marker

The following remote commands are required to search for peaks and position the
marker on a trace.

®  Searching fOr PEAKS.......ccuiiiiiiiii sttt e et e e e s st e e e s s sareeeeeesnnes 144
®  POSItIONING MAIKEIS ....ciiiiiiiiiii et 145
o Positioning Delta Markers. .........oouuiiii it 147

Searching for Peaks

CALCulate<n>:MARKer<m>:PEXCursion <Excursion>
This command defines the peak excursion (for all markers in all windows).

The peak excursion sets the requirements for a peak to be detected during a peak
search.

The unit depends on the measurement.

Application/Result display Unit

Spectrum dB

MCGD dBm, DEG, RAD, S, MS, US, NS, PS, SC
Suffix:

<n>, <m> irrelevant

Parameters:

<Excursion> The excursion is the distance to a trace maximum that must be

attained before a new maximum is recognized, or the distance to
a trace minimum that must be attained before a new minimum is

recognized
Range: 0 to 80 dB (MCGD: 60 dBm)
*RST: 6.0

Manual operation: See "Peak Excursion" on page 67
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11.9.4.2 Positioning Markers

The following commands position markers on the trace.

Useful commands for positioning markers described elsewhere:
® C(CALCulate<n>:DELTamarker<m>:X on page 140

Remote commands exclusive to positioning markers

CALCulate<n>:MARKer<m>:MAXIMUM:LEF T.....ccoiiiiiie ettt eeae e e eees 145
CALCulate<n>:MARKer<m>:MAXIMUMINEXT ......coiiiiiiiiiiii e 145
CALCulate<n>:MARKer<m>:MAXIiMUM[:PEAK]......ccetiieiiiiaaaaieie et 145
CALCulate<n>:MARKer<m>:MAXIiMUM:RIGHL.........cccouiiiiieeeiee e 146
CALCulate<n>:MARKer<m>:MINIMUM:LEFT......cccooiiiiiiiiiiieeeeeeeeeerere e 146
CALCulate<n>:MARKer<m>:MINIMUMINEXT...........cettrrrrerrrrnrnrniiieieieseeeeeeeeeeeeeeserereeeeenns 146
CALCulate<n>:MARKer<m>:MINIiMUM[:PEAK]........cceitiiiiriieeeeieeiieiee e et e e e e eeete e e e e eeenn 146
CALCulate<n>:MARKer<m>:MINimUM:RIGHTL............ccoiiiiiiiiiiieiieeiece e e 147

CALCulate<n>:MARKer<m>:MAXimum:LEFT
This command moves a marker to the next lower peak.

The search includes only measurement values to the left of the current marker posi-

tion.

Suffix:

<n> Window
<m> Marker
Usage: Event

Manual operation: See "Search Next Peak" on page 68

CALCulate<n>:MARKer<m>:MAXimum:NEXT

This command moves a marker to the next lower peak.

Suffix:

<n> Window
<m> Marker
Usage: Event

Manual operation: See "Search Next Peak" on page 68

CALCulate<n>:MARKer<m>:MAXimum[:PEAK]
This command moves a marker to the highest level.
If the marker is not yet active, the command first activates the marker.

Suffix:
<n> Window



Analyzing Multi-Carrier Group Delay Measurements

<m> Marker
Usage: Event

Manual operation: See "Peak Search" on page 68

CALCulate<n>:MARKer<m>:MAXimum:RIGHt
This command moves a marker to the next lower peak.

The search includes only measurement values to the right of the current marker posi-

tion.

Suffix:

<n> Window
<m> Marker
Usage: Event

Manual operation: See "Search Next Peak" on page 68

CALCulate<n>:MARKer<m>:MINimum:LEFT
This command moves a marker to the next minimum value.

The search includes only measurement values to the right of the current marker posi-

tion.

Suffix:

<n> Window
<m> Marker
Usage: Event

Manual operation: See "Search Next Minimum" on page 69

CALCulate<n>:MARKer<m>:MINimum:NEXT

This command moves a marker to the next minimum value.

Suffix:

<n> Window
<m> Marker
Usage: Event

Manual operation: See "Search Next Minimum" on page 69
CALCulate<n>:MARKer<m>:MINimum[:PEAK]

This command moves a marker to the minimum level.

If the marker is not yet active, the command first activates the marker.
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Suffix:

<n> Window
<m> Marker
Usage: Event

Manual operation: See "Search Minimum" on page 68

CALCulate<n>:MARKer<m>:MINimum:RIGHt
This command moves a marker to the next minimum value.

The search includes only measurement values to the right of the current marker posi-

tion.

Suffix:

<n> Window
<m> Marker
Usage: Event

Manual operation: See "Search Next Minimum" on page 69

11.9.4.3 Positioning Delta Markers

The following commands position delta markers on the trace.

Useful commands for positioning delta markers described elsewhere:
® CALCulate<n>:MARKer<m>:X on page 142

Remote commands exclusive to positioning delta markers

CALCulate<n>:DELTamarker<m>:MAXimUmM:LEFT.........coooiiiii e 147
CALCulate<n>:DELTamarker<m>:MAXIMUMINEXT .........ooommiiiiiieeeeee e, 148
CALCulate<n>:DELTamarker<m>:MAXiMUM[:PEAK]......ccceeiiiiiiiiiieeieeieieieeeeeeeeeeeveveavenananes 148
CALCulate<n>:DELTamarker<m>:MAXIiMUM:RIGH...........uvuruuuiiiieinieieieeeeeeeeeeeeeeeeeeeeeeannns 148
CALCulate<n>:DELTamarker<m>:MINiMUM:LEFT........ccuieiiiiiiiiiiee et eeeaae 148
CALCulate<n>:DELTamarker<m>:MINIiMUM:NEXT........ccieiiiimiiiieieeeieniieeee et eeeeernn 149
CALCulate<n>:DELTamarker<m>:MINimUM[:PEAK]......ccitttirierieeiieiiie e ceececen e e s e e 149
CALCulate<n>:DELTamarker<m>:MINiMmum:RIGHt.............cceiiimiiiiiii e 149

CALCulate<n>:DELTamarker<m>:MAXimum:LEFT
This command moves a delta marker to the next higher value.

The search includes only measurement values to the left of the current marker posi-

tion.

Suffix:

<n> Window
<m> Marker
Usage: Event
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Manual operation: See "Search Next Peak" on page 68

CALCulate<n>:DELTamarker<m>:MAXimum:NEXT

This command moves a marker to the next higher value.

Suffix:

<n> Window
<m> Marker
Usage: Event

Manual operation: See "Search Next Peak" on page 68

CALCulate<n>:DELTamarker<m>:MAXimum[:PEAK]
This command moves a delta marker to the highest level.

If the marker is not yet active, the command first activates the marker.

Suffix:

<n> Window
<m> Marker
Usage: Event

Manual operation: See "Peak Search" on page 68

CALCulate<n>:DELTamarker<m>:MAXimum:RIGHt
This command moves a delta marker to the next higher value.

The search includes only measurement values to the right of the current marker posi-

tion.

Suffix:

<n> Window
<m> Marker
Usage: Event

Manual operation: See "Search Next Peak" on page 68

CALCulate<n>:DELTamarker<m>:MINimum:LEFT
This command moves a delta marker to the next higher minimum value.

The search includes only measurement values to the right of the current marker posi-
tion.

Suffix:
<n> Window
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<m> Marker
Usage: Event

Manual operation: See "Search Next Minimum" on page 69

CALCulate<n>:DELTamarker<m>:MINimum:NEXT

This command moves a marker to the next higher minimum value.

Suffix:

<n> Window
<m> Marker
Usage: Event

Manual operation: See "Search Next Minimum" on page 69

CALCulate<n>:DELTamarker<m>:MINimum[:PEAK]
This command moves a delta marker to the minimum level.

If the marker is not yet active, the command first activates the marker.

Suffix:

<n> Window
<m> Marker
Usage: Event

Manual operation: See "Search Minimum" on page 68

CALCulate<n>:DELTamarker<m>:MINimum:RIGHt
This command moves a delta marker to the next higher minimum value.

The search includes only measurement values to the right of the current marker posi-

tion.

Suffix:

<n> Window
<m> Marker
Usage: Event

Manual operation: See "Search Next Minimum" on page 69

11.10 Deprecated Commands

The following commands are provided for compatibility to other signal analyzers only.
For new remote control programs use the specified alternative commands.
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SYST:LANG command.
For details see the R&S FSW User Manual.

@ To set the R&S FSW to compatible mode for previous signal analyzers, use the

(07 O =) (=T o b I T 150
DISPIay[:WINDOWSNS]TYPE......cciieiteteiiiiiiiiieiaaeieseeeeeeeeeeeeeeeeeeeeeersssssraranaaeseseeeens 150
[SENSe:]JADEMod:BANDWidth:DEMOAUIAtION?...ccuuueeeeiieiiieeeeeeetiee e eeeeeeree e e e e eeebeeeeeeeeene 151
[SENSe:]JADEMod:BWIDth:DEMOAUIAtION?......ceeieeiieieeeeeeiieeeeeeeeetee e eeeeeetee e e e e eeebe e e e e eeene 151
[SENSe:]JADEMOd:MCPHASE:METHOM. ....cciiiiiiiieieeeiiice e e et e e ettt e e e e e e e e e e eeaaan e e e 151
[SENSe:]JADEMOd:MCPHASE:SPACING. ... teeieteete ettt et et e e e e e e e e e e eanas 151
[SENSE:JADEMOG:MCPHESE[STATE ... vreeeeeeeeeeeeeeseeeeeeeseseeseseeseseesesseseseseseeseesesessesesees 151
[SENSe:]JADEM0od:SPECtUM:PHASEIRESUII?....iiiiiieiei ittt 152
[SENSe:]JADEMOd:SPECHUMIPHASE TYPE......ccvviiiiriiiiirieeieieieeeeeeeeeeeeeeeeeeeeeeeeeesessssanane 152
[SENSEe:]JADEMOA:SPECHIUMISPAN. ....cuuiiiieiiitieie e e ettt e eeeeeeraaeeeeeeeebaeeeeeeastaseeeseerananss 152
[SENSe:]JADEMod:SPECtrUmM:SPAN:ZOOM.......iiiiieeee et e e 152
[SENSe:]ADEMod:SPECHrUM:SPANEMAXIMUMI......vreeeeeeereeeeseeeesseseeseseesesseseseeseseseseeees 153
[SENSe:]JADEMod:SPECtrum[:MAGNItUde:RESUIt?. ...cenie e 153
[SENSe:]ADEMod:SPECHUM[:MAGNIUAEIETYPE].....veeeeeeeeeeeeeeeeeeeeeseeseseeseseeseeseseeseseeeen. 153
[SENSE:JADEMOG:MTIME ... ettt ettt e e e e e e et e et e e s et e e e s et e e e e e aa e e e aeeaneen 153
[SENSEe:]JADEMOA:MTIMEIAUTO ... iuiiiiiiiieei et e et e e e e e e et e e e e ea e e e e e e e eans 153
[SENSE:JADEMOG:RLENGIN?...cuiieii ettt e e e e e e e e 154
[SENSE: JADEMOG: S RA T 2. ettt ittt e et e e e e e s e et e e e e e e e eneeanaens 154
[SENSE:JADEMOULSTATEL . eeveeeeeeeeeeseeeeeeeeeeeeeeeseeeseeseseee s eeeeseeseseeseseeseseeseeneseeneseeeens 154

CALCulate<n>:FEED <Evaluation>

This command selects the evaluation method of the measured data that is to be dis-
played in the specified window.

This command queries or sets the diagram type (for magnitude or for phase).

Note that this command is maintained for compatibility reasons only. Use the LAYout
commands for new remote control programs (see Chapter 11.6.2, "Working with Win-
dows in the Display”, on page 115).

Parameters:
<Evaluation> 'XFRequency:SPECtrum[:MAGNitude]'
Magnitude diagram

'XFRequency:SPECtrum:PHASe'
Phase diagram

DISPlay[:WINDow<n>]:TYPE <ResultType>
This command selects the results displayed in a measurement window.

Note that this command is maintained for compatibility reasons only. Use the LAYout
commands for new remote control programs (see Chapter 11.6.2, "Working with Win-
dows in the Display", on page 115).

Parameters:
<ResultType>
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Table 11-4: <WindowType> parameter values for Multi-Carrier Group Delay (K17) mode

Parameter value Window type

DPHase Phase Difference

GAIN Gain

GDELay Group Delay

MAGNitude Magnitude (Measurement data)
MTABIe Marker table

PHASe Phase (Measurement data)
RMAGnitude Magnitude (Reference data)

RPHase Phase vs frequency (Reference data)

[SENSe:]ADEMod:BANDwidth:DEModulation?
[SENSe:]ADEMod:BWIDth:DEModulation?

This command queries the measurement bandwidth.

Note that this command is maintained for compatibility reasons only. Use [SENSe:
]BANDwidth:DEMod? on page 108 for new remote control programs.

Return values:
<Span> Default unit; HZ

Usage: Query only

[SENSe:]ADEMod:MCPHase:METHod <Method>

This command selects the method used for group delay measurements. As the
R&S FSW MCGD application only supports orthogonal measurements, this command
returns an error if the FLATtop parameter is used.

Parameters:
<Method> ORTHogonal | FLATtop

[SENSe:]ADEMod:MCPHase:SPACing <CarrierSpacing>
Sets/queries the carrier spacing in Hz between the multiple carriers.

Note that this command is maintained for compatibility reasons only. Use [SENSe:
JCARRier:SPACing on page 109 for new remote control programs.

Parameters:
<CarrierSpacing> Default unit: HZ

[SENSe:]ADEMod:MCPHase[:STATe] <State>

This command switches to the Multi Carrier Group Delay application of the instrument
or disables it.
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Note that this command is maintained for compatibility reasons only. Use the
INST:SEL MCGD command for new remote control programs (see INSTrument [ :
SELect] on page 87).

Parameters:
<State>

[SENSe:]ADEMod:SPECtrum:PHASe:RESult? <WindowType>

This command returns the trace data of the first trace of the given type within the
phase window.

Note that this command is maintained for compatibility reasons only. Use TRACe<n> [ :
DATA] 2 on page 130 for new remote control programs.

Query parameters:
<WindowType> WRITe | AVERage | MINHold | MAXHold

Usage: Query only

[SENSe:]ADEMod:SPECtrum:PHASe:TYPE <Trace1>, <Trace2>, <Trace3>
This command sets the modes of the first three traces of phase windows.

Note that this command is maintained for compatibility reasons only. Use DIsPlay| :
WINDow<n>] :TRACe<t>:MODE on page 133 for new remote control programs.

Parameters:

<Trace1> WRITe | AVERage | MINHold | MAXHold | VIEW | OFF
<Trace2> WRITe | AVERage | MINHold | MAXHold | VIEW | OFF
<Trace3> WRITe | AVERage | MINHold | MAXHold | VIEW | OFF

[SENSe:]ADEMod:SPECtrum:SPAN <Frequency>
Sets/queries the frequency span in Hz.

Note that this command is maintained for compatibility reasons only. Use the [SENSe:
] FREQuency : SPAN on page 109 command for new remote control programs.

Parameters:
<Frequency> Default unit: HZ

[SENSe:]ADEMod:SPECtrum:SPAN:ZOOM <Value>
This command sets the span.

Note that this command is maintained for compatibility reasons only. Use [SENSe:
] FREQuency : SPAN on page 109 for new remote control programs.

Parameters:
<Value> Default unit: HZ
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[SENSe:]ADEMod:SPECtrum:SPAN[:MAXimum] <Value>
This command sets the span.

Note that this command is maintained for compatibility reasons only. Use [SENSe:
] FREQuency : SPAN on page 109 for new remote control programs.

Parameters:
<Value> Default unit: HZ

[SENSe:]JADEMod:SPECtrum[:MAGNitude]:RESult? <WindowType>

This command returns the trace data of the first trace of the given type within the mag-
nitude window.

Note that this command is maintained for compatibility reasons only. Use TRACe<n> | :
DATA] 2 on page 130 for new remote control programs.

Query parameters:
<WindowType> WRITe | AVERage | MINHold | MAXHold

Usage: Query only

[SENSe:]ADEMod:SPECtrum[:MAGNitude][:TYPE] <Trace1>, <Trace2>, <Trace3>
This command sets the modes of the first three traces of magnitude windows.

Note that this command is maintained for compatibility reasons only. Use DISPlay|[:
WINDow<n>] :TRACe<t>:MODE on page 133 for new remote control programs.

Parameters:

<Trace1> WRITe | AVERage | MINHold | MAXHold | VIEW | OFF
<Trace2> WRITe | AVERage | MINHold | MAXHold | VIEW | OFF
<Trace3> WRITe | AVERage | MINHold | MAXHold | VIEW | OFF

[SENSe:]ADEMod:MTIMe? <MeasTime>
This command queries or sets the measurement time.

Note that this command is maintained for compatibility reasons only. Use [SENSe:
]MTTMe? on page 110 for new remote control programs.

Parameters:
<MeasTime> Default unit: S
Usage: Query only

[SENSe:]ADEMod:MTIMe:AUTO <MeasTimeAutoMode>

This command enables or disables automatic measurement time selection.
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Note that this command is maintained for compatibility reasons only. Use [SENSe:
]MTTIMe : AUTO on page 109 for new remote control programs.

Parameters:
<MeasTimeAutoMode>

[SENSe:]ADEMod:RLENgth?
This command returns the record length set up for current measurement settings.

Note that this command is maintained for compatibility reasons only. Use the [SENSe:
JRLENgth? on page 110 command for new remote control programs.

Return values:
<SampleCount>

Usage: Query only

[SENSe:]ADEMod:SRATe?
This command returns the sample rate set up for current measurement settings.

Note that this command is maintained for compatibility reasons only. Use [SENSe:
] SRATe? on page 110 for new remote control programs.

Return values:
<SampleRate>

Usage: Query only

[SENSe:]ADEMod[:STATe] <State>
This command switches to the Analog Demodulation application or disables it.

Note that this command is maintained for compatibility reasons only. Use the
INST:SEL ADEM command for new remote control programs.

Parameters:
<State>

Programming Example: Measuring Multi-Carrier
Group Delay

This example demonstrates how to perform a multi-carrier group delay measurement
in a remote environment. It assumes a multi-carrier signal is being input, for example
by a connected signal generator. furthermore, it assumes an external trigger and an
external reference frequency are being provided by a connected signal generator. The
commands to set up the signal generator are not provided in this example.

/)= Preparing the measurement ------------

//Reset the instrument
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*RST

//Configure the use of an external reference frequency at 10 MHz
SENS:ROSC:SOUR EXT

SOUR:EXT:ROSC:EXT:FREQ 10MHZ

//Activate the MCGD measurement application
INST:SEL 'MCGD'

/) —mmmmmmm——- Configuring the measurement ------------
//Configure the use of an external trigger at 1.5V
TRIG:SOUR EXT

TRIG:LEV:EXT 1.5V

//Set the center frequency to 100 MHz

FREQ:CENT 100MHZ

//Set the carrier spacing to 200 kHz for 50 carriers
SENS:CARR:SPAC 200 kHz

SENS:CARR:COUN 51

//Query the resulting span (10 MHZ)

SENS:FREQ:SPAN?

//Set the attenuation and reference level automatically
SENS:ADJ:LEV

//Set a sweep count of 100

SENS:SWE:COUN 100

//Configure absolute group delay

CALC:GRPD:MODE ABS

//Activate carrier estimation for each carrier
SENS:CARR:OFFS:MODE CARR

//Query the record length and sample rate determined by the meas settings
SENS :RLEN?

SENS:SRAT?

//Perform new calibration measurement and waitfor completion
CAL:MCGD; *WAI

//Query the state of the calibration measurement
CAL:MCGD:STAT?

//Store the resulting calibration data to a file
MMEM:STOR:MCGD:RCAL 'C:\TESTS\CalData.csv'

//Add a Magnitude Reference and replace the Phase by a Gain display:
//Top row: 1) Magnitude (default) 2) Magnitude Reference

//Bottom row: 3) Group Delay (default) 4) Gain

LAY:REPL '2',RMAG

LAY:ADD:WIND? '3',RIGH,GAIN

//Switch to single mode, initiate a new measurement and wait

//until the sweep has finished.
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INIT:CONT OFF
INIT; *WAI

//Store the results of the multicarrier measurement to a file

MMEM: STOR:MCGD:MEAS 'C:\TESTS\MeasResults.csv'
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12.1 Formats for Returned Values: ASCIl Format and
Binary Format

When trace data is retrieved using the TRAC : DATA or TRAC: IQ:DATA command, the
data is returned in the format defined using the FORMat [ : DATA]. The possible for-
mats are described here.

® ASCII Format (FORMat ASCII):
The data is stored as a list of comma-separated values (CSV) of the measured val-
ues in floating point format.

® Binary Format (FORMat REAL,32):
The data is stored as binary data (Definite Length Block Data according to IEEE
488.2), each measurement value being formatted in 32-Bit IEEE 754 Floating-
Point-Format.
The schema of the result string is as follows:
#41024<valuel><valuel2>.<value n> with

#4 Number of digits (= 4 in the example) of the following number of data bytes
1024 Number of following data bytes (= 1024 in the example)
<Value> 4-byte floating point value

Reading out data in binary format is quicker than in ASCII format. Thus, binary format
is recommended for large amounts of data.

12.2 Reference: ASCII File Export Format

Trace data (both measurement and reference traces) can be exported to a file in ASCII
format for further evaluation in other applications

The file consists of the header containing important scaling parameters and a data sec-
tion containing the trace data.

Generally, the format of this ASCII file can be processed by spreadsheet calculation
programs, e.g. MS-Excel. Different language versions of evaluation programs may
require a different handling of the decimal point. Thus you can define the decimal sep-
arator to be used (decimal point or comma, see "Decimal Separator” on page 50).
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The data of the file header consist of two columns, separated by a semicolon: parame-
ter name; numeric value. The data section contains the measured data in two columns,
which are also separated by a semicolon.

Table 12-1: ASCII file format for trace export

File contents

Description

Header data

Type;R&S FSW;

Instrument model

Version;1.30;

Firmware version

Date;20.Jan 2012;

Date of data set storage

Mode;MCGD

Channel type

Ref Level;0;

Reference level

Level offset;0;

Reference level offset

Rf Att;10;

Input attenuation

El Att;0;

Electronic attentuation

Center Freq;10000000;Hz

Center frequency

Freq Offset;0;Hz

Frequency offset

Span;10000000;Hz

Frequency range

Carrier Spacing,10000000;Hz

Distance between two carriers

Meas Time;0.00003128125;s

Measurement time

Group Delay;Absolute;

Value type for group delay

Carrier Offset;AUTO;

Auto mode for carrier offset

Carrier Offset;0;Hz

Carrier offset value

Sweep Count;0;

Number of sweeps set

Preamplifier;OFF

Preamplifier status

Window;1 Magnitude;

Window name containing trace

Trace 1:;;

Selected trace

Trace Mode;Clear Write

Display mode of trace: CLR/WRITE,AVER-
AGE,MAXHOLD,MINHOLD

x-Axis;Linear;

Scaling of x-axis linear (LIN) or logarithmic (LOG)

Start;95000000;Hz
Stop;105000000;Hz

Start/stop value of the display range

x-Unit;Hz; Unit of x values: Hz with span > 0; s with span = 0; dBm/dB
with statistics measurements
y-Axis;Linear; Scaling of y-axis linear (LIN) or logarithmic (LOG)

Level Range;100;dB

Display range in y direction. Unit: dB with x-axis LOG, % with x-
axis LIN
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File contents Description

Ref Position;100; % Position of reference value referred to diagram limits (0 % =
lower edge)

Ref Value;0.0;dBm Reference value

y-Unit;dBm; Unit of y values: dB*/V/A/W depending on the selected unit

with y-axis LOG or % with y-axis LIN

Data section

Values; 1001; Number of measurement points

95000000;-20.5 Measured values: <x value>, <y value>
96000000;-20.3
97000000;-24.2

Reference: CSV File Export Format

Measurement results and calibration data can be exported to a file in CSV format for
further evaluation in other applications. Note that as opposed to the Export Trace to
ASCII File, storing the measurement results in csv format includes all traces in all win-
dows, not just one single trace.

The file consists of the header containing important parameters and a data section
containing the measurement data.

Generally, the format of this CSV file can be processed by spreadsheet calculation pro-
grams, e.g. MS-Excel. Different language versions of evaluation programs may require
a different handling of the decimal point. Thus you can define the decimal separator to

be used (decimal point or comma; see "Decimal Separator" on page 50).

The data of the file header consist of three columns; each separated by a semicolon:
parameter name; numeric value; basic unit. The data section contains the measured
data in two columns, which are also separated by a semicolon.

Table 12-2: CSV file format for calibration data export

File contents Description

Header data

Type;R&S FSW-K17 Reference Calibration; | Type of data

Version;1.40; Firmware version
Date;20.Jan 2012; Date of data set storage
Mode;MCGD Channel type

Center Freq;10000000;Hz Center frequency

Freq Offset;0;Hz Frequency offset
Span;10000000;Hz Frequency range
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File contents

Description

Number of Carriers;51;

Number of carriers

Carrier Spacing;10000000;Hz

Distance between two carriers

Meas Time;0.00003128125;s

Measurement time

Sweep Count;0

Sweep count

Trace type;Amplitude Reference Calibration

x-Unit;Hz;

Unit of x values

y-Unit;V;

Unit of y values

Data section

Values; 51;

Number of measurement points

95000000;-20.5
96000000;-20.3
97000000;-24.2

Table 12-3: CSV file format for measurement data export

File contents

Description

Header data

Type;R&S FSW;

Instrument model

Version;1.30;

Firmware version

Date;20.Jan 2012;

Date of data set storage

Mode;MCGD;DB1.00

Channel type; database version

Ref Level;0;

Reference level

Level offset;0;

Reference level offset

Rf Att;10;

Input attenuation

El Att;0;

Electronic attentuation

Center Freq;10000000;Hz

Center frequency

Freq Offset;0;Hz

Frequency offset

Span;10000000;Hz

Frequency range

Number of Carriers;51;

Number of carriers

Carrier Spacing;10000000;Hz

Distance between two carriers

Meas Time;0.00003128125;s

Measurement time

Group Delay;Absolute;

Value type for group delay

Carrier Offset;AUTO;

Auto mode for carrier offset

Carrier Offset;0;Hz

Carrier offset value

Sweep Count;0;

Number of sweeps set

Data source and result display (Magnitude Reference)

Measured values: <x value>; <y value>
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File contents

Description

Preamplifier;OFF

Preamplifier status

Number of windows

Number of windows included in export

Data section for individual window

Window;1 Magnitude

Name of first window (= result display)

Data section for individual trace

Trace 1;;

First trace

Trace Mode;Clear Write;

Display mode of trace: CLR/WRITE;AVER-
AGE;MAXHOLD;MINHOLD

x-Axis;Linear;

Scaling of x-axis: linear (LIN) or logarithmic (LOG)

Start;95000000;Hz
Stop;105000000;Hz

Start/stop value of the display range

x-Unit;Hz; Unit of x values: Hz with span > 0; s with span = 0; dBm/dB
with statistics measurements
y-Axis;Linear; Scaling of y-axis linear (LIN) or logarithmic (LOG)

Level Range;100;dB

Display range in y direction. Unit: dB with x-axis LOG; % with x-
axis LIN

Ref Position;100; %

Position of reference value referred to diagram limits (0 % =
lower edge)

Ref Value;0.0;dBm

Reference value

y-Unit;dBm; Unit of y values: dB*/V/A/W depending on the selected unit
with y-axis LOG or % with y-axis LIN
Values; 1001; Number of measurement points

95000000;-20.5
96000000;-20.3
97000000;-24.2

Measured values: <x value>; <y value>

Data section for individual trace

Trace 2;;

Next trace in same window

Data section for individual window

Window;2 Phase;

Name of next window

Data section for individual trace

Trace 1;;

First trace




List of Remote Commands (MC Group
Delay)

[SENSe:JADEMod:BANDWidth:DEMOUIGLIONT........cviiiieieitieesieee e 151
[SENSe:]JADEMod:BWIDth:DEMOAUIAtION?..........oiiiiiieeiiiee ettt enae e e e e 151
[SENSe:]ADEMOd:MCPHASEIMETHOM. ......coiuiiiiiiiii ettt ettt saeeeneaeneas 151
[SENSEe:JADEMOA:MCPHASE:SPACING. ... ettt ettt e e eneeneeeneeneeeneennenneenees 151
[SENSE: JADEMOA:MCPHASE :STATE]. .. ctiieietiee ettt ettt e e e et e e e et e e et e e ssa e e e ensaeeesaseeeesnneeas 151
[SENSE:JADEMOA:MTIMEIAUTO . ...ttt ettt ettt ettt e et e et e bt e enteese e e st e e eaeaenseeeneeenseaanneas 153
[SENSE:JADEMOG:MTIME?......e ettt ettt ettt e et et neeeme e naeemeeneeeneenneeneeneeereenes 153
[SENSE:JADEMOA:RLENGEN? ... .ottt ettt ettt et esne e e sneeeesneeneeareeneennean 154
[SENSe:]ADEMod:SPECtrUM:PHASEIRESUI? ... 152
[SENSe:JADEMOd:SPECHUMIPHASE TYPE ... ..ottt 152
[SENSE:JADEMOA:SPECHUMISPAN. ... ..oiiiiiiie ettt et e et e e st te e e et e e e sb e e e enseeesnseeeennnaeanns 152
[SENSe:]ADEMod:SPECUM:SPAN:ZOOM. ... oottt ettt et e e e e eaeeeneaeneas 152
[SENSe:JADEMod:SPECtrum:SPAN[MAXIMUMI.......oiiiiieiriieesiiee st eee st eee e enee e snee e nee e e e sneeneenees 153
[SENSe:]ADEMod:SPECtrum[:MAGNItUdE]:RESUI?.........ooiiiiiieie e 153
[SENSe:]JADEMod:SPECtrum[:MAGNitude][: TYPE]... .

ST SN ST A B 1 FoTe B ] AN =SS 154
[SENSE: JADEMOUAISTATEL .. ettt etieite ettt ettt ettt ettt e ste e este e s e s aeeseeaeeseenseeseensesnseneesaeeneeaneeneenneeneenns 154
[SENSe:]JADJust: CONFIgUre:DUREION. .......coouiiiiiiiiii ittt ettt e ee et e eesaeeeneeeenes 111
[SENSe:]JADJust: CONFigure:DURGHON:IMODE............cccciiiiieieieesie et eneeee 111
[SENSe:]JADJust: CONFIgure:HY STeresiSILOWET..........ooiiiiiiiiii et 112
[SENSe:]JADJust: CONFigure:HYSTeresiS:UPPEr..........coci i 112
[SENSe:]JADJust:LEVel

[SENSE:JAVERAGESNZICOUNL. ..ottt h et h ettt e e bt ettt e e e beeenneas 136
[SENSE:JAVERAGESNZITYPE ...ttt ettt et et e e bt et eeseeebeeeseeenseeenneeneeanns 137
[SENSE:JAVERAGESNZ[:STATESES]. . i eieiiieii ettt ettt e s ae e esaeeneesneeneenaeeneenes 137
[SENSE:IBANDWIAth:DEMOU?.......ceeitieie ettt sttt ettt st et e st esae e e s aeeneesaeeneeaneeneenneeneennas 108
[SENSE:IBWIDth:DEMOU?.......ueiiiie ettt ettt ettt et e et e et e e et e e e beeesee e st e enbeeeseeanneesneaeneeanns 108
[T SN ST O A =T 1 0 11 PSS 108
[SENSE:JCARRIEIHOFFSEEMODE...........iiiiiiiee ettt ettt e e e e e e s e e e s e e e e saseeeeesseaeesseeeenes 108
[SENSE:JCARRIEIOFFSEI?......eeiei ettt et h et e e et e et e et eeabe e eaeeeeeeeneeebeaaneaenns 110
[T SN ST O A S L= RS T X 01 Vo S
[SENSE: JFREQUENCY:CENTET. ... .ciiiiiiiii ittt ettt he e et e ettt e e s e e bt e et e e s e enbeesieeanee

[SENSe:JFREQuency:CENTer:STEP..

[SENSe.]RLENgth? ........................................................................................................................................ 110
[S] SN ST S1 2 N =Y TSSO URPO 110
ST SN ST 53 AT ==Y o O @ 1 S 126
[SENSE: ]SWEEP:COUNLCURREN?.......eiiitiie ettt et e e e e e e e e e e e saaeeesnnnaeenns 127
ABORY. ...ttt ettt e ehh e h e e R eeeeh e e e te e R ee e bt e en et e st e eneeeaheeenseeenteenreeaneeeeaeeenneeneas 122



CALCuUlate:GRPDEIAY:IMODE ...ttt ettt et e et e sneeeteeanee
CALCulate:GRPDelay:REFerence .
CALCulate:GRPDelay:REFerence:FREQUENCY.........ccciiiiiiiiiiii ittt 108
CALCulate<n>:DELTamarker<m>:AOFF ..ottt 138
CALCulate<n>:DELTamarker<m>:LINK ...t e e anbee e e neeeeannnes 138
CALCulate<n>:DELTamarker<m>:LINK:TO:MARKEISM>........ccoiiiiiiiiiiiiieiieeiee et 139
CALCulate<n>:DELTamarker<m>:MAXIMUM:LEFT ..ot 147
CALCulate<n>:DELTamarker<m>:MAXIMUM:INEXT ..ottt e e eeee e 148
CALCulate<n>:DELTamarker<m>:MAXIMUM:RIGH............cciiiiiiiii e 148
CALCulate<n>:DELTamarker<m>:MAXIiMUM[:PEAK].........oeiiiiieeetiieeee et e e rae e 148
CALCulate<n>:DELTamarker<m>:MINIMUM:LEFT...... .o 148
CALCulate<n>:DELTamarker<m=>:MINiMUMINEXT ........ccoiiiiiiiiiie e 149
CALCulate<n>:DELTamarker<m>:MINimum:RIGHt... .. 149
CALCulate<n>:DELTamarker<m>:MINimum[:PEAK].........ccooiii e 149
CALCulate<n>:DELTamarker<m>:MODE.............cccoiiiiiiiii et 139
CALCulate<n>:DELTamarker<m>:IMREF .............cooi e 139
CALCulate<n>:DELTamarker<m>:TRACE. .......cccuii ittt e e e e anbe e e sne e e e sneeeeanneeaes 140
CALCuUlate<n>:DELTaMArKErSIM>IX ...ttt ettt ettt et e ettt e e nbeesaneene 140
CALCulate<n>:DELTamarker<m>:X:RELAtIVE?..........oiiiiiiiiiie et 127
CALCulate<n>:DELTamarker<m>:Y 2. ... ittt e ettt e et e e et e e e bee e e abe e e e anteeeeaneeeeanneeaeannes 128
CALCulate<n>:DELTamarker<m>[:STATE].....ccciiieiiiiie et e eriee et e et e e st e e s e e e enaeeesneeeesnneeeesnseeeensneeeanes 140
CALCUIAESNZIFEED. ...ttt a e et e e st e b et et e bt e e bt e s be e e bt e nnbeenbeeanne 150
CALCuUlate<n>:MARKEIr<M>IAOFF ... ..ottt ettt e et e et et e e eaeeesaeeaneaans 141
CALCulate<n>:MARKEIr<M>:LINK ...ttt enees 143
CALCulate<n>:MARKer<m>:LINK:TO:MARKEISM>.......ccuiiiiiiitiiieiie ettt 141
CALCulate<n>:MARKer<m>:MAXIMUM:LEF T ...ttt
CALCulate<n>:MARKer<m>:MAXimum:NEXT....
CALCulate<n>:MARKer<m>:MAXIiMUM:IRIGHTL............coiiiiiiiiii e
CALCulate<n>:MARKer<m>:MAXIMUM[:PEAK]....... .o
CALCulate<n>:MARKer<m>:MINIMUM:LEF T ..o
CALCulate<n>:MARKer<m>:MINIMUMINEXT ........coiiiiiiii et
CALCulate<n>:MARKer<m>:MINIMUM:RIGHTL..........ccooii e
CALCulate<n>:MARKer<m=>:MINIiMUM[:PEAK]........coiieiireeiie et e e seae e e s e e e neeeennes
CALCulate<n>:MARKEr<m>:PEXCUISION. ......cc.utiiiiiitiiieitie ettt ettt e e sneeens
CALCulate<n>:MARKEI<M>:ITRACE. .....cco ittt e et et e e ate e e e st e e e anbeeeeanbeeeaanneaeannnes
CALCUIAtE NS IMARKEISIMZIX .ttt ettt b e et ettt et et e e e sn e e e eateeennes 142
CALCUIAtE N> IMARKEISIMZIY 2.ttt et h e bt ab e bt e bt et e et esaeeebeeanees 128
CALCulate<n>:MARKer<m>[:STATe]

CALIBratioNIIMC Gttt ettt h e b et ea et ettt e b e et

(O N o = Lo N 1Y (01 €] B S ) N = TSRO P T RRRPP 113
DIAGNOSHIC:SERVICEINSOUITE. ...ttt ettt ettt e e et e e e e te e e e emebeeeaseeeeeaneeeeaneeaaanes 111
DISPIAYIFORMEL. ...ttt a et b e et na ettt e et ae et

DS P Y IMINF O s S T AT ettt etttk b ekt e bt st e bt e e et e bt e eat e e bb e et e e ebe e e bt e enbeeneeanne
DISPIAYIMTABIE. ...ttt ettt et e et e e et e e ae e e et e es b e e bt e eae e e st e eabe e beeenneeeneeenneeeneeenbeeenneenneean
DISPlay[:WINDow<n>]:SIZE

DISPlay[:WINDow<n>:TRACE<t>ILENGIN?....c.oiiiiieieeie e 129
DISPlay[:WINDow<n>]:TRACE<t>IMODE... ...ttt ettt s e esaee s 133
DISPlay[:WINDow<n>]:TRACe<t>:MODE:HCONHNUOUS..........cccutiriiiiiiiiiii ittt 134
DISPlay[:WINDow<n>]:TRACe<t>:SMOOthing:APERIUIE. ..ottt 135
DISPlay[:WINDow<n>]:TRACEe<t>:SMOOthiNG[:STATE].....ceitetieiiieiie ettt 135



DISPlay[:WINDOWSN>[: TRACESEZ Y ISPACING. ... tteitiietie ittt ettt 97
DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe]
DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALEL:MAXIMUM.....cccuiiiiiiiiiiiiiiieiee ettt s 94
DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALELMINIMUM......cccoiiiiiiiiiiiit e 95
DISPlay[:WINDow<n>]:TRACE<t>:Y[:SCALEI:IMODE..........ccoii ittt 95
DISPlay[:WINDow<n>]:TRACEe<t>:Y[:SCALEI:PDIVISION......c.ccritiiiiiiiiiiii ettt 96
DISPlay[:WINDow<n>]:TRACEe<t>:Y[:SCALELRLEVEL.........ccoiiiiiiiiiiiie s 90
DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALE]:RLEVEI:OFFSEt.......cccciiiiiiiiiiiiieee e 91
DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALEJ:RPOSIION. .......cocuiiiiiiiiiiii it 96
DISPlay[:WINDow<n>]:TRACE<t>:Y[:SCALELIRVALUE. ......ccceeiiiiiiiiiieiit ettt 96
DISPIay[:WINDOWSN> | TRACESES[:STATE]. .. ettt ettt ettt ea e te e b e e e e saeeeeeeeneas 136
DISPIay[:WINDOWSNSTTYPE..... .ottt ettt et ettt sttt et naeesane e
FORMat:DEXPort:DSEParator..

FORMEE:DEXPOMIHEADET ...ttt ettt ettt e et e b e e e ae e et e e eate e beeemeeeeneeenseaneeenseeaneeanneaan
FORMAEDEXPOITRACES. ...ttt ettt bt ettt et b e e bt st et et e e nbeeennees
FORMEE D AT AL ettt a e bt h e ekt e et e bt e bt e eh et e bt e eab e ekt e e R bt e bt e eab e e bt et e e aneeennean
INITIGtESNZICONMERS. ...ttt ekt e ettt e e et e e e ae e e e e sbe e e e st e e e e anbe e e amneee e ambeeeanbeeeansaeeeannneas
INITIAtESNSICONTINUOUS. ...ttt a et b e bt nae et e e et e b e e eae e e e et eteeeenes
INITiate<n>:SEQUENCENABORL........eiiiii ittt ettt ettt b et e bttt eannes
INITiate<n>:SEQuencer:IMMediate
INITiate<n>:SEQUENCENIMODE..........oooiiiiii ettt et
INITIAtESNS[AIMMEAIGLE]. ... ceiee ettt e e e e e ettt e e e e e e e e e e e e eessnsbeeeeeeeseansnseeeeeeeeanns
INPUE AT TENUALION. ...ttt ettt ettt e ettt e e et e e e eas e e e e b bt e e e se e e e eabe e e e smneeeeanseeeeaneeaeanneeaas 91
INPUEATTENUATIONIAUTO ...ttt na ettt et e it b ettt et e e e b e ennees 92
INPut:ATTenuation:PROTECHONIRESEL........cc..iiiiiiiieie ettt 88
INPULICOUPTING. ..ttt ettt a e et e ettt e bt e eae e e st e eat e e beeeaeeeeseeemseeseeembeeeneaenseeenseenseasneaas 88
INPut:DPATh..
LU = RSP PP P RPPPSPPt
INPULEATTIAUTO . .ttt ettt ettt et e e h e e st e e ae e e bt e e st e e eheeemseeen s e embeeeseeenseeenneenseeeneeenaeeannaanns 92
LN LU o N I S N I = TSRO PRTRRPPR 93
INP UL F I LT @ HP AS S-S T AT ] ..ottt ettt ettt e e e e et e e e et e e e st e e e eate e e essaeeeasseaesssaeesnsaeeesnneeas 89
[NV o [ =Y A [T RS AN =Y SRR SRS 89
INP UL G AIN S T AT €.ttt ettt bttt ettt e bt e bt e et ettt e bt e e b e e et e e eenteeeaee s 93
INPULGAINTIVALUE]. .. ettt bt h etttk e o2t e e he e e bt e h e e bt e e ae e e bt e et e et eebeeaneeenneas 93
INPUEIMPEAANCE. . ...ttt ettt ettt e ettt e et e e e s he e e e s bt e e aanb e e e ease e e e amseeeenseeeanseeaeanseeeeanes 90
INPULISELECL. ...ttt bttt et he e et e et e bt et e bttt et eebeeneeeenaean 90
INSTrument:CREGEIDUPLICALE. ..ottt ettt et sbeesnee e 84
INSTrument:CREate:REPLace

INSTrumMENtCREGIE[INEW]......eeieiie ettt et et e e et e e et e e et e e ente e e annteeesnseeeenaeeeenseeeennsaeeennneeas
INSTIUMENEDELELE. ...ttt bbbtttk e bt e e bt e et e e enbeebeeanees 85
INSTIUMENE LIS T 2. ettt ettt et e e ettt e et e e ab e e beeeae e e eaeeemeeeseeenbeeeseeenseeenseenseeaneaas 85
INSTIUMENTRENGIME. ...ttt h ettt s bt b e e et e enateenaee s 86
INSTIUMENEESELECE]. ...ttt et e e e e et e e e s e e e sas e e e saseeeebaeeeenbaeesenseeesnnneeeas 87
LAY OUL:ADD[:WINDOW]?...... ettt ettt ettt et a e et e et eeab e e eh e e eme e e eneeemeeeeseeenseeeneaamseeenseeabeaannaenns 116
LAYout:CATalog[:WINDow]?..

LAY OUL: IDENEFY[:WINDOW] 2.ttt ekttt etk b ekt e et eebe e et e e sneeenbeeanee 117
LAY OUL:REMOVE[IWINDOW]. ...ttt ettt ettt ettt et e et e et e ees e e beeemeeaseeemseeseaensaeeneeenneeneas 118
LAY OULt:REPLACE[:WINDOW]. ...ttt ettt ettt ettt ettt e et ete e 118
[N o TN ] o N (= SO OPRURRUPRUPINY 118
LAY OUL:WINDOWSNZIADD? ...ttt ettt ettt h ettt et e et eeateebeees b e e ebeeemee e st e enbeeebeaennaeeneeennaaaneas 120



LAY OUt:WINDOWSNZIIDENLITY P, ettt h ettt b e ene et e e e beeaneees 120
LAYout:WINDow<n>:REMove

LAYOUt:WINDOWSNZIREPLACE. ...ttt ettt 121
MMEMory:LOAD:MCGD:RCALIDIAtION. .......eeiiiiiiieieie ettt 114
MMEMOry:STOREIMCGDIMEAS. ... .ottt ettt et e e h e e et e et e e b e e eaeeeneeeeneeenbeeeneaanes 130
MMEMory:STORe:MCGD:RCALIDIAtION. .....cueiiiiiiie it 114
MMEMOIY:STORESNZITRACE. .....c ettt ettt h et bt e et e bt e e bt e bt e e nbe e eaeeebeeaaees 131
OUTPUt:TRIGEr<pOort>:DIRECHON. ... ..ottt 104
OUTPULTRIGEI<POMT ILEVEL ...ttt 105
OUTPULTRIGGEISPOMZIOTY PR, ittt ettt ettt et he et e et e anee e 105
OUTPut:TRIGger<port>:PULSE:IMMEIate. ... ...cccoiiiiiiiiiei e 106
OUTPUt: TRIGEr<port>:PULSE:LENGIN. ....c.ciiiiiiiii e 106
SYSTem:PRESet:CHANnel[:EXECute] .

SY STEMISEQUENCET . ...ttt ettt ettt e ettt e e ettt e e sttt e e aaeee e e ae e e e ambeeeenbeeeaanteeeamneeeaanseeeaanaeeeanbeeesnnseaanns
TRACE NS [ID AT AL X 2 ettt h ettt h e h et et e et e bt e e b et e e bt e e it e e e e e e e bt nate s 131
LRV XTI g b N N PSR US P UPROP 130
TRIGGEr[:SEQUENCELDTIME. ...ttt
TRIGger[:SEQUeNCe]:HOLDOF[:TIME]......cuutiiieiieiiie ittt
TRIGger[:SEQUENCE]:IFPOWEIHOLDOR.........oiiiiiiii et
TRIGger[:SEQuence]:IFPower:HYSTeresis..

TRIGGer[:SEQUENCELLEVEEIFPOWET........coiiiiiiii et
TRIGGer[:SEQUENCEL:LEVELIQPOWET. ...ttt ettt e e
TRIGGer[:SEQUENCE]:LEVELERFPOWET .........oiiiiiiiii e e
TRIGger[:SEQuence]:LEVel[:EXTErnal<port>]........couiiiiiiiieiee et 101
TRIGger[:SEQUENCE]:RFPOWEIHOLDOR. ..ot 103
TRIGGEr[:SEQUENCEL:SLOPE. ...t ettt ettt e e
TRIGger[:SEQuence]:SOURce
UNITIANGLE. ..okt h e ettt et E e e s bt e e bt e e et e eh e e bt e eh et e bt e e at e e beeen b e e nbeeanbeenns




Index

A

Aborting
SWEEP ittt ettt 51

Absolute group delay .........ccoceeiiiiiiiiiiiee e 21, 47

AC/DC COUPIING vttt 28

Activating
MC Group Delay application (remote) ............cccceeee. 83

Amplitude
Configuration ..........cccccoiiiiiiiiiii 30
SCAlING et 35
SEtNGS .veiiiie i 30
Settings (remMote) ......cooeiiiiiiiiiiieiee e 90

Amplitude flatness
SEE GAIN .. 20

Analysis
BULON Lo 56

Application
Multi-Carrier Group Delay .......ccccoooiiiiieiiiiiieiieiees 25

Application Cards ..........oceiiiiiiiii 7

Application NOLES ........ooiiiiiiiii e 7

ASCII trace export ...

AteNUAtioN ........ocoiiii 31
AULO L. 31
Displayed ....
ElCtronic ..o 32
Manual ... 31
Option
Protective (remote) ........cccooiiiiiiiiiiiiieiie e 88
Settings (remMote) ......cooeiiiiiiiiiiieiee e 91

Auto level
HYSEEIESIS oo 55
Reference level ... 54
Softkey .

AULO SEINGS ..eoiiiiiiiie
Meastime AUtO ...
Meastime Manual .
Remote control ...

AVErage COUNT ...o.iiiiiiiii e

Average mode
TrACES ..o 58

Averaging
RESUIS ... 21
Traces (remote control) ........cccccevieiieiieenii e 137

B

BroChures ..o 7

Cc

Calibration ........ccooveiiiiie e 22
Date and time ... .M
Error messages L T7
FUNCHONS ..o 49
Loading data ............... 50, 71
Loading data (remote) ... .. 113
Measurement (remote) .. ... 113
Performing .......occooiiiiiie e 50
Storing data ................ 50, 70
Storing data (remote) .. ... 113
TroublesShooting ........ceeiiiiiiiiie e 76

Carrier offSet ... 21,48

CarTier SPACING ..eeveeiieeiiietie ittt 47
Carriers

NUMDET ..o
Center frequency

Displayed .........oooiiiiiiii

SOFtKEY .

StEP SIZE vt
Closing

Channels (remote) .........ccoeviiiiieiiieiicicee e 85

Windows (remote) ........cccocveiiiiieeiiieiiciieeien 118, 121
Continue single sweep

SOFtKEY .t 51
Continuous sweep

SOFtKEY . 51
Conventions

SCPI comMMaNdS .......cooiuieiiiiiiiiiiieiie e 79
Copying

Measurement channel (remote) .........cccccoooieniiieennn. 84
Coupling

INPUt (reMOLE) ..o 88
Crest factor

INpUt SIgNal ....ooiiie 23
Csv

File format .......coooiiiiii 159
D
Data format

ASCHL e 157

BiNary ..o 157

REMOLE ..oooviiiiieee e 129, 132
Data sheet ..o 7
Decimal separator

Trace eXport ....cooceeeiiiieeeiee e 50, 60, 71, 72
Delta markers

DefiniNg .o

Positioning (remote) ........ccoeiiiiiiiiiiic 147
Diagram footer information ............ccoccoviiiiniiiiiiee 12
Direct path

Input configuration ...........c.ccoiiiiiiii 29

Remote
Discrete frequency transformation (DFT) .......ccccecvevinennen. 15
Display

Configuration ..o 69

Information ..o 10
Drop-out time

THGET ettt 41
Duplicating

Measurement channel (remote) ..........cccoeciiiiinineene. 84
E
Electronic input attenuation ............ccccocieiiiiiiiie. 31, 32
Error mesSsages .....cooovviiiiiiiiiieic e 77
Errors

[IF OVLD ..o 31
Estimation

CAITIEIS ittt 21
Evaluation

Methods ......cooiiiii 15
Evaluation methods

REMOLE ..o 116



Export format

Measurement results ...........ccccoevviiieeieeiiciiiieee e, 159

TIACES ittt 157
Exporting

Calibration data ..........cccooeeuiiiiiiiiic e

Measurement results ...

Measurement settings

Trace data .....c.ooeiiiieiiie e

Traces ......ccc......

Traces (remote) ..
External trigger ..........

Level (remote) ......ccoociiiiiiiiiieeee e

F

File format
CSV e 159
Trace EXPOIt ..ocecveeeeiiiieeiieeeeee e e eeeeese e e s e e sneae e 157
Filters
High-pass (remote) .........cccceiiiiiiiiiiiiiicece e
High-pass (RF input) .
YIG (remote) ..............
Format
Data .o 157
Data (remote) .......cceeveeieiiiiiiiiee e 129, 132
Free Run
TGN ettt 40
Frequency
Configuration (remote)
Configuration (softkey)
OFfSBL .o

G

Gain
Definition .....ooieeeiiiiee e 20
Evaluation method
Group delay

ADSOIULE ... 21

Definition ... 20

MOdE ..o 47

SMOOLING ..t 57
Group Delay vs Frequency

Evaluation method ... 17
H
Hardware settings

Displayed ........ccooiiiiiiiii e 11
High-pass filter

REMOLE ..o 89

RFE INPUL oo 29
Hold

Trace SettNG ...cc.covueiiiiiiieeeee e 57
Hysteresis

Lower (Auto [eVel) ....oocuiiiiiiiiiicc e 55

Trigger .

Upper (Auto [eVel) .....oocuiiiiiiiiiccie e 55
|
1/Q Power

THGOET e 41

Trigger level (remote) ........cccoooiiiiiiiiiiiiiicece 102
IF Power

TGO e

Trigger level (remote)

Impedance
RemMOte ..o 90
SettiNg .ooeieeei 28
Importing
Calibration data ..........ccoooiiiiiiii 7
Input
COUPIING i 28
Coupling (remote) ......c.oociiiiiiiiiiii e 88
Overload (remote) .... ....88
R e 28
Settings ..ooviiiiiiiee .27, 32
Source Configuration (softkey) .........cccoeoeiiiiiiiiiies 27
Source, Radio frequency (RF) ..... .27
Installation ... 9
K
Keys
LINES (Not used) .....ccceveiiiiiiiiiieeiie e 25
MEKR e 61
MKR -> e .66, 67
MKR FUNCT (ot used) .......cccocveiiiiiieeiiiiiie e 25
Peak Search ................... ... 68
RUN CONT ....... ...51
RUN SINGLE .....ooiiiiiiiieeeeeee e 51
L
Linking
Markers ..........
LO feedthrough
Loading
Calibration data ........c..cccoeevviiiieiiii e 50, 71
Lower Level Hysteresis ..........cccoooiiiiiiiiiiiciiiciceeee 55
M
Magnitude flatness
SEE GaIN ..o 20
Magnitude vs Frequency
Evaluation method ... 15, 16
Marker table
Evaluation method .........c.ccoooiiiiiiiii 18
Marker t0 TracCe ........ccovvieeriiiieiesee e 64
Markers
ASSIgNEd traCe ......cceviiiiiiiiiierec e 64
Basic settings ........cccoceviienenns ....62
Configuration (remote control) ...........ccccceeviirieennene 138
Configuration (softkey) .............. ..61, 62, 65
Deactivating .........coooieiiiiiiiiieee e 64
Delta Markers .........ccocviiiiiiiiieiieceeeeee e 63
Fixed reference (remote control) .........ccccceevevriinennn. 143
Linked ..o .... 66
Linking ..... ... 64
Minimum ... ... 68
Minimum (remote control) .. .. 144
Next minimum ..o ....69
Next minimum (remote control) ..........cccccevviiriinennn. 144
NEXE PEAK ...eveeiiiiieie e
Next peak (remote control) .
PEaAK ..
Peak (remote control) .........cccocceeiiiiiiiiiieiicecee
Position ........ccccceenienene
Positioning ........cccooiviiiiiinns
Positioning (remote control) .. .
Positioning (remote) .........cccceiiiiiiiiiiiiieece 145
Querying position (remote) .........cccccvvvevvriieiiiieeiene 128



Retrieving results (remote) ..........ccoeviiiiiiiiiiiien.
StAte .o
Step size (remote control) .... .
Table ..o
Table (evaluation method) ...........cccooiiiiiiiiiiis
Table (remote control)
TYPE s
X-VAIUE .o
Maximizing
Windows (remote) .........cccceeiieiiiiiiciiicceeeee 115
MC Group Delay
ADSOIULE ... 13
ApPlICation ..o 11
Measurement method ..., 13
MCGD
(Multi-Carrier Group Delay Application) ............cccc...... 9
ConfiguriNg ......cooiiiiiiiii 25
Display
Programming example ...........ccccociiiiiiiiiiiiniiiees 154
SettiNgs ...ooiiiii 44
Starting ....oeeie 9
Measurement
Method ...
Method, orthogonal .
Procedure ...
Remote control ...
Settings
SEUP e
THME e
Time, Displayed ..........ccoooiiiiiiiiiieee 11
Measurement channel
Creating (remote) ........cocoiiiiiiiiie e 84
Deleting (remote)
Duplicating (remote) .........cccocveiiiiiiiiiiiceeee 84
QuErying (FTEMOLE) ......orveiiirieeiiieeee e
Renaming (remote)
Replacing (remote)
Measurement time

AUtO SEtiNGS ..ooeiiiiiiii e 54, 55
Min/max values

Yo8XIS ovveiiieeeeeiiiiee e 35
Minimum

Marker positioning ..........cccoecieiiiiiiii e 68

NEXE et 69
MKR

Y e 61
MKR ->

KBY e 66, 67
Multi-carrier

MeasuremMeNt ..........eeeeeeiiiiiiiiee e 20
Multi-Carrier

Measurement method ............ccccooeiiiiiieeiiiieeee, 13
Multi-carriers

Aligning with trace points ............ccccoiiiiiiiiiiis 21

OFfSBE ot 21,48

SPACING ..o 47
Multiple

Measurement channels ...........ccccccoeeeviiiiiiee e, 10
N
Next MinimuM ......oooiieciee e 69

Marker positioning .........ccocveiierieiiieiceee e 69
Next Peak

Marker positioning .........ccoceeiieiiiiiieiecee e 68
Noise

SOUICE ittt ettt e e et e e srae e e snae e e nreee s 52

(o)
Offset

FrequenCy ..o 38

Reference level ... 31
ONline help oo 6
Options

Electronic attenuation ...........cccccoooiiiiiiiiiiiiies 32

High-pass filter

Preamplifier ...
Orthogonal

Measurement method ..........cccoooiiiiiiiiiiics 21
Orthogonal frequency transformation (OFT) ..........ccccc.... 21
Output

Configuration ..........ccccooiiiiiiiii 51

Configuration (remote) .......ccccoeviiiiiiiiiiiiiieecee, 110

NOISE SOUICE ....eviiiiiiiiiiciic e 52

Settings

Trigger
Overload

RF input (remote) ......ccooiiiiiiiiiieeeee e 88
Overview

Configuration ...........ccoiiiiiiiiie 25
P
Peak @XCUISION .......cooeiiiiiiiiiii e 67

REMOLE ..o 144
Peak list

Peak @XCUISION ........ccoiiiiiiiiiiieiiee e 67
Peak search

Y e 68

MOAE .. 67
Peaks

Marker positioning .........coccviiiiiiiiii e 68

INEXE e 68

SOFtKEY .ttt 68
Performing

Multi-Carrier Group Delay measurement .................... 73
Phase

UNI o 36
Phase Difference

Evaluation method ..........ccocoeiiiiiiii 16
Phase vs Frequency

Evaluation method ..........cccciiiiiiiie 16, 17
Preamplifier

SEHNG v 32

Settings (remMOote) ......oooviiiiiiiiiieiceeee e 93

SOFtKEY .t 32
Presetting

Channels ........ooiiiiiiii e 27
Pretrigger ... 41
Programming examples

MCGD ... 154
Protection

RF input (remote) ........coooveiiiiiiiiieieeeeee e 88
Q
Quick Config

TrACES .ot 58
R
RANGE .o 34
Range per division

YABXIS ettt 35



Reference level ... 31
AULO BV . 54
Displayed ..o 11
OffSBE e 31
Offset, displayed ........ccoooiiiiiiiiiiee e 11
POSIION .. 34
UNit o 31
ValUE oo 31

Reference marker ..o 64

Reference measurement
see Calibration ... 22

Reference position
YBXIS eveeeiieiee et 35

Reference value
YBXIS eveeeiitiee et

Release notes ...........

Remote commands ...

Basic tasks ..........

Basics on syntax .

Boolean values ....... .
Capitalization ..........ccoooiiiiiiiie
Character data ........ccccooiiiiiiiii e
Data blocks .........

Numeric values ......

Optional Keywords ...........ccccoviiiiiiiiiiiciiceec e 80
Parameters ... 81
SHNGS oo 83
SUFFIXES e 80

Resetting
RF input protection ... 88

Restoring
Channel settings .........ccocciiiiiiiiii 27

Result displays
BN e 18
Group Delay vs Frequency .........cccccceeeiiieeiniiieennieenns 17
Magnitude vs Frequency ..... ... 15,16
Marker table ..o 18
Phase Difference .........ocooeeiiiieiiiieiieeiee e 16
Phase vs Frequency ..........ccccccoiiiiieniiniicicee, 16, 17

Results
ASCII export format .........c.coooiiiiiiiie
CSV export format .....

Data format (remote) .

Display ......cccccoeviinene

EXPOrting ...ccveviiiiiiiiee e
Markers (remote) ..........cccviieiiiiiiiiiieee e
Retrieving (remote) ... 127
Storing ..oooceveiiieeis ... 15,70
Traces (remote) .........ccccee... ... 129
Traces, exporting (remote) .........ccccocievieriicniicecnene 131

RF attenuation
AULO e
ManNUaL ...

RF input ...

Overload protection (remote) ..
ReMOtE ..o

RF Power
THGET ittt 41
Trigger level (remote) .......cccoeeceiiiiiiiiiiicciceee 102

RUN CONT
KBY s 51

RUN SINGLE
Y e 51

S
Scaling
Configuration (Softkey) ... 33
Settings (remote) .......occeeiiiiiiiiieeeece e 94
Y-axis
Y-axis (remote control) .........cccceeviiiiiiiiiniieiieeees 97
Search Configuration (SOftkey) ........ccccoevviiniiiiiniiiieee, 67
Select Marker .......cccccceoeevineeneenn. .62, 67
SEQUENCET ..ottt 10
Aborting (remote) ..... .. 124
Activating (remote) .......coooiiiiiiiee e 124
Mode (remote) ....oooeieeeiiiiee e 125
REMOLE ..o 123
Signal generator ..........ccccooiiiiiiiiii i 13
Measurement Setup ........ccooeiiviiiiiniiii 22
Signal source
REMOLE ..o 90
Single sweep
SOMtKEY . 51
Slope
THGET ettt 42,103
Smoothing
TIACES v 23, 57
Softkeys
Amplitude Config .......cceeiiiiiiiiiii e 30
Auto Level
Calibrate ......ooooeiei e
Carrier SPACING ....c.eevvieiiiiiiieie et 47
Center
Continue Single SWeep .......cccceeviiiiiiiiiicee, 51
ContinUOUS SWEEP ...c..eiiiiiiiiiiiecieeiee e 51
Display Config
External ............. .
Free RUN ..o
Frequency Config ......cccoeviiriiiiiiieeecceeee 36
Group delay
H/Q POWET ...
IF POWET ..
Input Source Config ..... . 27
Lower Level Hysteresis ........ccccovoieeiieiiieeeiee e 55
Marker Config .......coooeeiiiieeie e 61, 62, 65
Marker 10 Trace .......cccociiiiiiiiiiie e 64
Meastime AUtO .........oooviiiiiiii e 47,54
Meastime Manual ............cccccoveeiiiiiiiiiiieee e, 47,55
VN e 68
Multi-Carrier Config .. ....44
Next Min ...................
Next Peak ...
Norm/Delta ........
Outputs Config
PaK ...
Preamp ..o
Ref Level ...........

Ref Level Offset .
RF Atten Auto ....
RF Atten Manual ...

RF Power ..............
Scale CoNfig ..cccueviiiiiiiiii e
Search Config .....coceiiiiiiiiiieee e
Select Marker ... .
SiNGle SWEEP ...
Sweep count
Trace 1/2/3/4
Trace Config
Trigger Config .....ooiiiiiiiiieiiere e



Trigger Offset ......cccoiiiiiiii e 41
Upper Level Hysteresis ...........cccocoiiiiiiiiiiiciicee 55

SPaN . 37,47
Definition ... 20
Displayed ..o 11

Specifics for
Configuration ..o 27

Status registers
STAT:QUES:POW ..ot 88

Step size
Markers (remote control) ...........cccocoeviiiiiiiiiiiien. 143

Storing
Calibration data ..........ccccoeeuviiieiiiii e 50, 70
Measurement results ...........cccoeiiiiiiiiiiiiis 70

Suffixes
COMIMON .t 83
Remote commands ..........cccoooiiiiiiiiii 80

Sweep
ADOIING i 51
Count
Performing (remote) ........ccceiiiiiiiiiiiiiiiieeces 121
SettiNgs ...ooiiiiii 50
Settings (remote) .......ccceiiiiiiiiiiii 121

T

Trace SMOOLhING ......ooiiiiiieiiieiie e 23

TFACES .ot 59
Aligning carrier frequenCIes ...........ccccvcvevieiieeieecnnn. 21
AVErage Mode .......cccecviiiiiiiiiiieiie et 58
Averaging (remote control) .. ... 137
Configuration (Softkey) .........ccoceiiiiiiiiieiiece 56
Configuring (remote control) ..........cccceeveeiienneennnne 133
Export format ..........ccoceeeineene ... 50, 60, 71,72
EXPOrting ....ceoeieiiiieiiiieeiecec e 59, 60, 61, 71
Exporting results (remote) ... .
Hold
Mode ..o,

Mode (remote) .......ceeeiiieiiiiiieiieee e
Retrieving results (remote)

Selecting ......cocovviiiiiiiiiie

Settings (remote control) .. .
Settings, predefined ...

Trigger
Conditions (remMOte) .......cccevrviiiieiieeiiecieeee e 100
Configuration (SOftkey) ........cccoeveiiiiiiiiiiieceee 38
Drop-out tiMe .....cocveeiciie e
External (remote)
HOIAOF .
HYSEErESIS ..
Offset ........

Qutput .............. .
Remote control ..o
Slope ..coovveeeienne ..42,103

THQGEN IEVEI .. 41
External trigger (remote) ........cccoeeviiiiiiiiiiieeiicee, 101
1/Q Power (remote) ........cccocvevvreeieiieieseeeseeeeene 102
IF Power (remote) ...... ....102
RF Power (remote) .... ... 102

THQGEr SOUICE ..cuveiiiieiieiiee ittt 39
External ........ .40
Free Run ...... ... 40
/Q POWET ..ot 41
IF POWET ..o 40
RF Power ..... .41

Troubleshooting ..... .. 76
Input overload ........ccccveeeiiiiece e 88

u

UNIES e 36
Reference level ... 31
Settings (remote) ......cocoveiiiiiiiiiieeee e 94

Upper Level Hysteresis ... 55

W

WHhItE PAPETS ..o 7

Window title bar information ...........c.cccoooiiiiiiiiiiien 12

Windows
Adding (remote) .......cooiiiiiiiiiiiiee e
Closing (remote) ...
CoNfIQUIING ..o
Layout (remote) .......coovuiiiiiiiieiie e

Maximizing (remote)

Querying (remote) ....
Replacing (remote) ..
Splitting (remote) ......
TYPES (FEMOLE) ..o

Y-axis
Mix, max values .......
Range per division ...
Reference position ...
Reference value ..........cccccoiiiiiiiiiiiiiicc e
SCAIING ettt
SENGS .eeiiiieiii e
YIG-preselector
Activating/Deactivating ..........ccccoooiiiieiiiiiiiiiees 29
Activating/Deactivating (remote) .........ccccooviviiieenne. 89




	Cover
	Contents
	1 Preface
	1.1 About this Manual
	1.2 Documentation Overview
	1.3 Conventions Used in the Documentation
	1.3.1 Typographical Conventions
	1.3.2 Conventions for Procedure Descriptions
	1.3.3 Notes on Screenshots


	2 Welcome to the Multi-Carrier Group Delay Application
	2.1 Starting the Multi-Carrier Group Delay Application
	2.2 Understanding the Display Information

	3 About the Measurement
	4 Measurements and Result Display
	4.1 Evaluation Methods for Multi-Carrier Group Delay

	5 Measurement Basics
	5.1 Definitions
	5.2 The Multi-Carrier Measurement
	5.3 The Calibration (Reference) Measurement
	5.4 Measurement Setup
	5.5 Trace Smoothing

	6 Configuration
	6.1 Configuration Overview
	6.2 Input Source Settings
	6.2.1 Radio Frequency Input

	6.3 Amplitude and Y-Axis Scaling
	6.3.1 Amplitude Settings
	6.3.2 Scaling the Y-Axis
	6.3.3 Unit

	6.4 Frequency Settings
	6.5 Trigger Settings
	6.6 Multi-Carrier Configuration
	6.6.1 Measurement Configuration
	6.6.2 Calibration

	6.7 Sweep Settings
	6.8 Output Settings
	6.9 Automatic Settings

	7 Analysis
	7.1 Trace Settings
	7.2 Trace / Data Export Configuration
	7.3 Markers
	7.3.1 Marker Settings
	7.3.1.1 Individual Marker Setup
	7.3.1.2 General Marker Settings

	7.3.2 Marker Search Settings and Positioning Functions
	7.3.2.1 Marker Search Settings
	7.3.2.2 Positioning Functions


	7.4 Display Configuration

	8 Importing and Exporting Results
	8.1 Export Functions
	8.2 Import Functions

	9 How to Perform Measurements in the Multi-Carrier Group Delay Application
	10 Optimizing and Troubleshooting the Measurement
	10.1 Error and Status Messages

	11 Remote Commands to Perform Multi-Carrier Group Delay Measurements
	11.1 Introduction
	11.1.1 Conventions used in Descriptions
	11.1.2 Long and Short Form
	11.1.3 Numeric Suffixes
	11.1.4 Optional Keywords
	11.1.5 Alternative Keywords
	11.1.6 SCPI Parameters
	11.1.6.1 Numeric Values
	11.1.6.2 Boolean
	11.1.6.3 Character Data
	11.1.6.4 Character Strings
	11.1.6.5 Block Data


	11.2 Common Suffixes
	11.3 Activating Multi-Carrier Group Delay Measurements
	11.4 Configuring Multi-Carrier Group Delay Measurements
	11.4.1 RF Input
	11.4.2 Configuring the Vertical Axis (Amplitude, Scaling)
	11.4.2.1 Amplitude Settings
	11.4.2.2 Attenuation
	11.4.2.3 Configuring a Preamplifier
	11.4.2.4 Scaling the Y-Axis (+Units)

	11.4.3 Frequency
	11.4.4 Triggering Measurements
	11.4.4.1 Configuring the Triggering Conditions
	11.4.4.2 Configuring the Trigger Output

	11.4.5 Multi-Carrier Configuration
	11.4.6 Configuring the Outputs
	11.4.7 Automatic Settings

	11.5 Measuring, Loading and Storing Calibration Data
	11.6 Configuring the Result Display
	11.6.1 General Window Commands
	11.6.2 Working with Windows in the Display

	11.7 Configuring and Performing Sweeps
	11.8 Retrieving Results
	11.8.1 Retrieving Marker Results
	11.8.2 Retrieving Trace Results
	11.8.3 Exporting Trace Results

	11.9 Analyzing Multi-Carrier Group Delay Measurements
	11.9.1 Configuring Standard Traces
	11.9.2 Setting Up Individual Markers
	11.9.3 General Marker Settings
	11.9.4 Searching for Peaks and Positioning the Marker
	11.9.4.1 Searching for Peaks
	11.9.4.2 Positioning Markers
	11.9.4.3 Positioning Delta Markers


	11.10 Deprecated Commands
	11.11 Programming Example: Measuring Multi-Carrier Group Delay

	12 Annex
	12.1 Formats for Returned Values: ASCII Format and Binary Format
	12.2 Reference: ASCII File Export Format
	12.3 Reference: CSV File Export Format

	 List of Remote Commands (MC Group Delay)
	 Index

